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WATER AND WASTEWATER MASTERPLAN FOR SALALAH
 

EXECUTIVE SUMMARY
 

A Masterplan has been prepared for the protection and development of the water 
resources of Salalah and for the provision of the water supply and wastewater disposal
infrastructure needed for this rapidly growing city. 

Planning Basis 

The present population of Salalah is approximately 77,000. It is expected to reach about
183,000 by the year 2010 and 208,000 by 2020. Central Salalah is already substantially
fully developed but includes both planned and unplanned development and some areas in
the process of being infilled. It is divided by a strip of agricultural land from one to two
kilometres wide located from half to one kilometre from the sea. This strip contains 
many small farms that comprise the traditional agricultural base of the area. 

Rapid urban development is occurring in Saada, to the northeast of the central part of thecity, and to the west in North Awqad. Future development is expected to occur both to
the east and west, including in the port area of Raysut, located some 15 kilometres west 
of the city centre. 

Water Resources 

An unconfined freshwater aquifer underlies the Central Salalah Plain. This aquifer is theprimary source of water for both potable and other uses in Salalah. It is recharged
primarily during the monsoon (khareef) season by groundwater flows from the inland
strip of hills (the Jebel) that enclose the coastal plain on which Salalah is located. To
either side of the freshwater aquifer are contiguous, less permeable, formations 
containing brackish water. 

The principal uses of the fresh groundwater are: 

0 Urban water supply, including domestic and garden use, and extensive irrigation
of amenity plantings beside main roads and in special use areas, totalling
approximately 6.9 million cubic metres per year; 

o Irrigation in the traditional agricultural area amounting to about 15.0 million cubic 
metres per year; and 

0 Irrigation of fodder grass grown on research and private farms, that is used to feed 
dairy cattle or the plain and the cattle and camel herds of Jebel farmers,
consuming about 10.0 million cubic metres per year. 

The brackish groundwater is also used for irrigation of both traditional and fodder farms. 

Water Supply and Sewerage Conditions 

There is an adequate water supply system, comprising two welifields abstracting from the
fresh water aquifer to the northeast of the city centre, with borehole pumps delivering
water to storage reservoirs, where it is chlorinated before delivery and distribution. The 
system is generally well managed and all connections are metered. The price charged for 
water is nationally mandated at 440 Baisa per cubic metre, a price that appears to have 
some conservation effect, at least for private domestic consumption. 
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There are some sewer systems where governmental and special use areas are served by 
package wastewater treatment plants. In general, however, wastewater is disposed of by 
soakage through open-bottomed soakage tanks, or tanks requiring emptying by tanker 
trucks. Tankered wastes, including oily wastes from service stations, arc dumped into a 
wadi east of the city. They will soon be taken instead to a new stabilisation lagoon 
facility at Wadi Qaftawt, nine kilometres northwest of Raysut. Effluent from the ponds 
will be discharged into the wadi. This facility has not received permanent environmental 
approval as it will not meet the Oman effluent quality standards. 

Trends and Issues 

The Salalah fresh water aquifer is being overdrawn and the rate of over-abstraction will 
increase rapidly. The annual deficit is currently about eight million cubic metres per year 
and is increasing. Eight million cubic metres is about 26 percent of the estimated annual 
natural recharge. Clear evidence of over-withdrawal is given by declining water levels 
and the observed encroachment of seawater and brackish groundwater into the fresh 
water aquifer. 

Urban water demands will increase from the present level of about 23.7 megalitres per 
day to an estimated level of 68.2 megalitres per day by the year 2020. This continuing 
increase in demand will worsen the deficit and increase the rate of encroachment of 
higher-salinity groundwater into the aquifer. 

The highest value use of fresh water is for public potable supply. After potable use, the 
highest economic return to water use is for traditional crop production including 
vegetables. However, the greatest volumetric consumption is for uses with very low 
economic value, such as fodder production. A potential new agricultural use that is under 
consideration is industrial coconut production. This also would require a large quantity 
of water and has a low economic return to water. However, coconuts can utiliso higher 
salinity water than other agricultural uses. 

If no action is taken, the increasing effects of over-withdrawal will be felt by small 
farmers in part of what is now the fresh water aquifer zone. They will draw increasingly 
salty water, as will farmers along the coast in the brackish water zone in eastern areas and 
to the west towards Awqad. Vegetable production will decrease unless alternative water 
sources are provided. 

As aquifer degradation proceeds, the fodder farms on the fresh water aquifer will begin 
pumping more saline groundwater as a result of the migration of brackish water into the 
aquifer. Eventually, the public supply wells may also begin to yield salty water. 

If, however, low value water uses are curtailed or transferred, and other conservation, 
substitution and augmentation measures are taken, the public potable system needs can be 
sustained together with those of other relatively high value uses such as vegetable 
production. So also can a substantial level of amenity irrigation and agricultural activities 
that can use brackish water. These objectives are attainable without desalination but will 
require management of the uses of the water resource. 

Without such management, it would be necessary to provide new water by desalination. 
The high expenditure required for this measure would then be subsidising the continued 
excessive agricultural water uses. The cost of desalinated seawater is, by experience in 
Muscat and elsewhere, about 660 Baisa per cubic metre, whereas the incremental cost of 
water made available by the various management measures available would be in the 
range of 37 to 135 Baisa per cubic metre. 

As a public health and amenity measure, it is important that the current inappropriate 
methods of wastewater disposal be changed. Bacteriological test results and other 
observations suggest a potential public health linkage with the present improper disposal 
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methods. The existing methods of wastewater disposal create nuisance conditions in the 
more densely developed areas and are inconsistent with national environmental 
objectives. 

In addition, the present system has the effect of transferring fresh water out of the fresh 
water aquifer zone to the brackish zones, and so contributes to the overall contraction of
the fresh water aquifer, while slowing somewhat the rate of degradation of the quality of 
the brackish water. 

A sanitary sewerage system is needed, with priority for construction given to the more
densely developed urban areas up-gradient from the traditional agricultural zone where
the groundwater aquifer is close to the ground surface. High priorities are also given tothe sewerage of Saada and certain coastal areas where the water table is close to the 
ground surface. 

When wastewater is collected in a sewcr-ige system it will then be available, afterappropriate treatment, for reuse. The proposed treatment method is such that the
reclaimed water is expected to comply with drinking water standards and will be
completely safe for agricultural or other non-potable uses. 

Available Measures 

Measures to improve water conservation and efficient use of water, as well toimplement wastewater collection, treatment and disposal, 
as 

can and should be initiated in 
any case, and are proposed. Beyond these, however, a limited number of major
improvement options are available. 

Desalination of brackish water would require a supply of input water several times asgreat as the potable water volume to be produced. The brackish water supplies are
insufficient to supply a desalination plant adequate to provide a large part of the water
requirements of Salalah. Therefore desalination would involve the conversion of 
seawater. 

The key factor in any decision on desalination is cost. The unit cost of desalinated waterwould be approximately 660 Baisa per cubic metre. This includes both depreciation and
operating costs. This is almost five times greater than the next cheapest alternative. For a
first phase flash distillation plant of 19 megalitres per day capacity, the capital cost alone
 
would be about RO 16 million.
 

The biggest consumer of fresh groundwater is large scale fodder production. Thirty-five
percent of all fresh water abstracted is used for this purpose. The net areas cultivated
total 470 hectares and the quantity of water abstracted is about 10.0 million cubic metres 
per year. This is about one fifth of the total fresh plus brackish water use on the Salalah 
Plain. 

The economic return to water from fodder production is, at the most, only of the order of
50 Baisa per cubic metre. Reduction of agricultural water demand by transferring fodder
production and related activities to a site off the fresh water aquifer has a low cost of
about 37 Baisa per cubic metre. It would take about two years to implement. 

Substitution of reclaimed water for fresh water used for agricultural irrigation and/or
irrigation of amenity plantings is possible. Such uses of reclaimed water are commonly
practised elsewhere and, with proper safeguards, completely safe. Direct agricultural
irrigation use would provide an economic return, but not necessarily equal to the cost,
which would be a~out 100 to 120 Baisa per cubic metre of reclaimed water provided. 

The opportunity benefit of the use of reclainicd water to replace potable water used for
fodder production on Garsiz Farm equals the value of water for potable supply, 440 Baisa 
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per cubic metre. (However, if the fodder production is removed, both the potable water 
and the reclaimed water remain available for other uses). 

Other than for potable use, the greatest economic return to water in Salalah is for 
production of vegetables and certain fruit. These are the key products of the traditional 
farming activities that are endangered by saline encroachment into the groundwater 
aquifer. However, the incremental cost of distributing reclaimed water by a system of 
pipelines for irrigation of the large number of traditional agricultural farms, averaging 
only 1.6 hectares each in area, also is greater than the corresponding economic return to 
water. In addition such a programme would be very difficult to administer as long as the 
farmers can physically access the groundwater through hand-dug wells. 

Aquifer recharge with reclaimed water, on the other hand, will provide for such use at 
very low cost, utilising the transmission and storage capabilities of the aquifer. It will 
have a second benefit of protecting the aquifer against saline and brackish water intrusion 
in the area where it is most vulnerable. This indirect method of providing for agricultural 
reuse is not in conflict with the Regulations for Wastewater Reuse and Discharge. It is by
far the least expensive way of making reclaimed water available for completely safe reuse 
for irrigation on the traditional farms. The incremental cost is low, 64 Baisa per cubic 
metre, and is exceeded by the benefit in the form of the economic return to water, which 
is in the range of 70 to 200 Baisa per cubic metre for vegetables. 

Potential natural water sources exist in limited quantities in three locations: (a) fresh 
water from the coastal portion of Wadi Darbat, about 20 kilometres east of Salalah, (b) 
br; zkish water from foot of the Jebel to the west of Salalah (the western Jebe! iront) for 
blending with fresh water from the existing wells for public supply, and (cN brackish 
water from the eastern Jebel front for blending with fresh water for public supply. Such 
additional natural sources require proving but, if available, will also have relatively low 
cost. Early investigations are proposed for the verification and quantification of these 
resources. 

Proposed Programme 

The Masterplan programme has been developed on the basis of comparisons of large
numbers of options for water supply and wastewater management, including various 
combinations of the water resources options described above. It is a plan based primarily 
on moving fodder production plus aquifer recharge with reclaimed water. It also provides
for the investigation of new sources and their introduction as appropriate. It does not 
include desalination. 

The Masterplan water supply and wastewater facilities are proposed to be developed in 
stages over the period 1991-2010, corresponding to the Fourth through the Seventh Five
year Development Plans. The water supply system consists primarily of adding new 
wells, strengthening of the existing trunk conveyance and storage systems, and adding
distribution pipelines and service connections as needed to serve new buildings and areas. 

The wastewater system will be a new sanitary sewerage system with a wastewater 
reclamation plant that will convert wastewater into a product that can safely be used to 
recharge the groundwater aquifer. Even though subsequent use of the recharged 
groundwater is for agricultural purposes only, the level of treatment proposed is such that 
the groundwater quality will be maintained at a level suitable for potable use. 

The treatment processes will include screening, primary sedimentation, activated sludge
with an extended aeration period to produce nitrification, denitrification by recycling 
through an anoxic zone, secondary sedimentation, coagulation and filtration with 
provision for methanol addition if needed for additional denitrification, sludge dewatering 
and stabilisation of the dewatered sludge. 
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The reclamation plant will be located in the Wadi Daha area to the west of the city.plant location immediately west of the Raysut cement plant 
The 

and adjacent to planned
industrial developments will not intrude on any existing or planned residential or 
recreational areas. 

The proposed methodology for both aquifer recharge and standby effluent disposalwell injection. For aquifer recharge and standby disposal near the western treatment site,
is 

a potential alternative is the use of rapid infiltration basins. Both methods require fieldinvestigations for feasibility verification and to provide a basis for the development of
final design criteria. In the event that standby effluent disposal proves to be unfeasible byboth of these methods, the;e remains the feasible but possibly expensive alternative of
marine disposal. 

The reclamation plant will be constructed in three stages; 20 megalitres per day to come on line in 1995, and additions of 10 megalitres per day each in 2005 and 2010. This willprovide the opportunity to monitor the effects and optimise the recharge quantity.
recharged quantity will, of course, always be limited to the volume 

The 
of wastewater

collected less any leakage losses from sewers ad during treatment. 

After the startup and stabilisation of operations of the Wadi Qaftawt stabilisation pondplant, a testing programme is proposed to determine what upgrading of treatment and/ordisposal is needed. Expansion is then proposed to enable this plant to handle industrial 
area wastewaters, so that these can be kept out of the central reclamation and recharge 
system. 

Staging and Costs 

The components of the Water and Wastewater Masterplan for Salalah vill be constructedand put into service over the 20-year life of the Masterplan. Given the urgent need toprovide wastewater facilities, about half of these facilities, including collection,
conveyance, treatment and reuse/disposal facilities will be scheduled for design,construction and operation during the Fourth Five-Year Plan (1991-1995). Overall
staging of the Masterplan components will be as follows: 

Plan Period Start Operation Facilities Label 

1991-1995 1995 Priority Works (collection, Stage 1, 
conveyance and waste-
water reclamation) 

First phase 

199 1-1995 1994-95 Reuse/recharge facilities; Stage 1, 
fodder relocation; Second 
water wells, conveyance 
and distribution; Wadi 

phase 

Qaftawt upgrade 

1996-2000 1999-2000 Industrial area sewers and Stage I, 
treatment; expansion at 
Wadi Qaftawt; water 

Third phase 

conveyance and distri
bution; additional sewers 

2(91-2005 2004-05 Reclamation plant Stage 2 
expansion; additional sewers; 
water conveyance and 
distribution 
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2006-2010 2009-10 	 Re-: ;aation plant Stage 3
 
expansion; additional
 
sewers; water supl-,y
 
expansion
 

The provision of both water supply and wastewater service connections will continue 
throughout the programme. Capital costs for the various Masterplan components, keyed 
to the time of their construction, are shown in Table ES. 1. 

TABLE ES.A Estimated Masterplaa Capital Costs (million Rials) 

COMPONENT 	 STAGE STAGE STAGE TOTAL 
I -2 3 

Phase I Phase 2 I Phase 3 
Year Completed: 1995 1995 2000 2005 2010 

WATER SUPPLY SYSTEM 
Total, Water Supply 0.11 13.99 9.57 7.93 1.50 33.10 

WASTEWATER SYSTEM - WATER RECLAMATION PLANT AT 
WADI DAHA SITE 
Total, Wastewater System 28.73 5.17 6.68 10.88 12.b2 64.03 

Total Capital Cost 	 28.89 19.16 16.25 18.81 14.02 97.13 

Implementation 

An early start is pr.'posed on the design of the initial components of the central 
wastewater collection, treatment, recharge and disposal facilities. This work is proposed 
to be done by consultants who would: 

o 	 Conduct pre-design investigations on effluent recharge and disposal; 

o 	 Prepare Environmental Impact Statement and Form L documentation; 

o 	 Prepare outline designs and environmental impact statements; 

o 	 Prepare detailed designs, cost estimates and tender documents; 

o 	 Assist in tendering and contract awards; 

o 	 Prepare operation and maintenance manuals; 

o 	 Provide engineering services during construction; 

o 	 Prepare operation and maintenance tender documents; 

o 	 Prepare record drawings; and 

o 	 Make recommendati( ns on mapagement of petroleum-based wastes, 
environmental monitoring, and managtmrent procedures. 
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Contract operation and maintenance is already intended for the Wadi Qaftawt plant and isproposed by the Consultant for the new central sewerage system facilities. This proposaltakes into account the limited availability of technically trained and motivated Omanis. 

Key implementation issues are organisation and programme management. A new
integrated organisational structure for water supply and wastewater management isproposed. This will combine water and wastewater operations in a new directorate within
the Dhofar Municipality. Also proposed for immediate implementation is a Programme
Management Unit that will eventually be incorporated into the technical affairs 
department of the new directorate. Its tasks include: 

o 	 Oversight of the work of engineering and other consultants retained for 
programme implementation, including the central wastewater system consulting
engineers, and the consultants to be retained for the water supply facilities and for 
the Wadi Qaftawt wastewater system upgrading and expansion; 

o Finalising appllcations to the Ministry of Environment regarding Environmental 
No Objection Certificates and conducting liaison with all agencies involved in 
programme impiementation; 

o 	 Planning and coordinating the service connection programme; 

" 	 Reviewing and approving tender documents, and acting for the Municipality
regarding tenderer prequalification, tender evaluation and contract awards; and 

o Making or arranging for any necessary future programme amendments. 

Training of management personnel is critical to effective implementation of the 
programme, even though the use of contractors is proposed for facility operation and
maintenance. Inclusion of selected Omani staff in strongly focused short-term offshore 
training programmes is proposed. 

Institutional twinning is p.cposed between the new water and wastewater directorate and 
a foreign utility with similar responsibilities. This arrangement is expected to provide the 
most appropriate management and personnel development assistance mechanism for the
Salalah water supply ardd wastewater directorate. The twinning arrangement is intended
to provide: advisory assistance, technology transfer, joint research, staff exchanges,
essential technical networking, and management procedures and documentation. 
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1.0 INTRODUCTION 

1.1 Contract Basis for the Report 

This Final Masterplan Report is the last of six scheduled reports under Contract No. 2/90
for the preparation of the Water and Wastewater Masterplan for Salalah. The Contract,
executed on December 25, 1990, is between the Government of the Sultanate of Oman,
represented by the Office of HE the Minister of State and Governor of Dhofar (the
"Client"), and Dames & Moore International (the "Consulting Engineer"). 

1.2 Background of the Report 

Through the first nine months of the Masterplan project, the Consultant focused o!! the
development of an information base, the analysis of the present and future requirements of
Salalah for water supply and wastewater facilities and the development of several
alternative Masterplans for consideration by the concerned authorities of Government.
Since submission of the Masterplan Aiternatives Report early in June 991, a series of
meetings have been held, discussion papers prepared and presented and numerous
discussions between the Consultant and the Dhofiar Municipality have centred on selection 
of the preferred Masterplan. That selection has been made and this report represents the
detailed definition and feasibility study of the preferred Masterplan, known as Alternative
C, with modifications, described in more detail in later sections of this report. 

For preparation of this Final Masterplan Report, the Consultant team, comprising
professional staff from Dames & Moore International and Camp Dresser & McKee
International, supported by technical and logistical assistance provided by Majan
Engineering Consultants and Gulf Development Trading Enterprise, has summarised the
large body of information developed during the course of the Masterplan study. The
identification of the preferred Masterplan has focused attention on specific systcm
components and the development of a detailed feasibility analysis of the selected 
Masterplan. Whereas the Masterplan Alternatives Report developed the various
Alternatives to a level of detail sufficient to allow decision-makers to choose between
them, the present study addresses the selected Masterplan in much greater detail, resulting
in a comtprehensive, in-depth analysis of the technical, economic, social and environmental 
elements of the Masterplan. The level of detail included in this report represents a 'bridge'
between the conceptual treatment in the Masterplan Alternatives Report and the detailed
design which will mark the initial phase of implementation. 

In selecting Alternative C from amongst the four Masterplan Alternatives, the concerned
authorities have opted for a scheme which is technically and economically sound,
environnicntally beneficial and socially acceptable. In addition, and very importantly,
A!terative C represents the option with the greatest long-term sustainability and the only
option with direct positive benefits for the fresh water aquifer. Alternative C, when fully
implemented, will provide a sustainable long-term water supply to the Salalah Plain and a
full-scale sewage collection and treatment system for Salalah and ils near suburbs. The 
general project area is shown in Figure 1.1. 

1.3 Context of 'ite Report 

In earlier reports, the development of a Masterplan was described as a process which 
comprised, in its simplest form, the following key elements: 

o Data compilation and evaluation 

o Identification of needs and issues 

o Development of Masterplan concepts 
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o 	 Preparation of Masterplan alternatives 

o 	 Comparison and ranking of Masterplan alternatives 

o 	 Selection of the preferred Masterplan 

o 	 Detailed study (feasibility) of the preferred Masterplan 

The Waier and Wastewater Masterplan for Salalah is entering its final phase and this Final 
Maslerplan Report addresses the last of the key elements listed above: the feasibility study 
of the preferred Masterplan. "Feasible" is defined as being 'workable, viable, capable of 
being done.' The focus of this report is the examination of the feasibility of the selected 
Masterplan. This examination covers technical, economic, environmental and social 
aspects of the Masterplan. 

The Masterplan comprises the following essential elements: 

o 	 Potable water requirements continue to be provided from the existing wellfields 

" 	 Relocation of the Dhofar Cattle Feed Company's Garsiz fodder farm off of the fresh 
water aquifer 

o 	 Design and construction of a staged wastewater collection, conveyance and 
treatment system for Salalah 

o 	 Wastewater treatment at the Wadi Daha site west of Salalah 

o 	 Recharge of the fresh water aquifer at the Garsiz site ad along the agricultural strip 
with reclaimed water from the Wadi Daha wastewater reclamation plant 

o 	 Early investigation of the potential for the development of new natural water 
sources, whether fresh or brackish 

Each of these key Masterplan components is covered in greater detail in subsequent 
chapters of this report. 

1.4 Format for the Final Masterplan Report 

The previous reports submitted by the Consultant were considered to be working papers, 
each of which would be superceded by the report which followed it in sequence. The Final 
Masterplan Report is designed to be a stand-alone document covering all essential aspects 
of the Masterplan project, but focusing on the feasibility study of the selected Masterplan. 
In order that the report fulfil this requirement, a series of discipline-oriented Appendices 
have been included to provide the reader with comprehensive background material on all 
aspects of the project. 

It should be noted here that, since the earlier project reports were designed as working 
documents, in some instances information in those earlier documents has been superceded 
or updated by information in this report. In any case where there is a conflict between 
information or data contained in an earlier report and that presented here, the present report 
should be considered definitive. 

In the chapters which follow, the Consultant presents a systematic and comprehensive 
feasibility analysis of the Masterplan. The report is organised into a main report and 
several Appendices. The main report is designed to provide a succinct, yet comprehensive, 
summary of all key elements of the Masterplan project, while the Appendices include more 
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detailed information on individual disciplinary aspects of the study. Together, they 
provide a comprehensive understanding of the Water and Wastewater Masterplan for 
Salalah. 

The balance of this report is organised into the following chapters: 

Chapter 2 - Basis of Planning 

Describes the existing population, water supply and wastewater parameters for the 
Masterplan area and provides projections for the Masterplan period. 

Chapter 3 - Masterplan Alternatives 

Outlines the basis for Masterplan development and describes the Masterplan 
Alternatives. 

Chapter 4 - The Selected Masterplan 

A description of the Masterplan (Alternative C) selected by the Dhofar 
Municipality. 

Chapter 5 - First Stage Components 

A detailed presentation of the First Stage (Priority Works) facilities and activities of 
the Masterplan, including cost estimates. 

Chapter 6 - Implementation Issues 

Describes how the Masterplan facilities will be constructed, managed and operated. 

Chapter 7 - Environmental Assessment 

Presents a detailed assessment of the environmental impact of implementation of 
the Masterplan. 

Chapter 8 - Feasibility Analysis 

A discussion of the technical, economic, social, institutional, environmental and 
financial feasibility of the Masterplan. 

Chapter 9 - Implementation Plan 

Provides a description and timetable of activities associated with implementation of 
the Masterplan. 

In addition to the main text volume a separate volume of maps has been prepared. This 
volume includes a series of 1:10,000-scale sheets showing the planned Masterplan 
wastewater system. 

Finally, a series of Appendices are included with the main text. The Appendices include 
the following: 

A Water and Wastewater Basis of Planning
 
B Agricultural Water Use
 
C Water Resources and Groundwater Modelling
 
D Cost Estimates
 
E Comparison of Water Supply Options
 
F Admissions to the Wastewater System
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G Comparison of Wastewater Options 
H Environmental and Related Issues 
I Preliminary Engineering (Drawings) 
J Sudh, Taqah and Mirbat Water Supply Systems 
K Operation and Maintenance 
L Institutional and Management Options 
M Financial Issues and Projections (submitted separately) 
N Studies Conducted and Recommended 
0 Water Quality Analyses - Salalah Urban Supply 
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2.0 BASIS OF PLANNING
 

2.1 Scope 

The existing and projected requirements to be addressed by the Salalah Water and
Wastewater Masterplan are outlined in this Chapter. These include the projected water
demands to be met from the potable water supply system, which include residential,
commercial, industrial, and institutional water uses. From these same water uses, the 
wastewater flows anO loads are projected. These provide the basis for planning of 
systems for wastewater collection, conveyance, treatment and reuse. 

Agriculture is the major consumer of water on the Salalah Plain. The water consumption
and economic value of various crops have been estimated, since these have an impact on 
the definition and analysis of options for new sources of potable supply and of options for 
reuse of reclaimed water from the wastewater system. The existing facilities (potable
supply, wastewater, agriculture) are described briefly, since these form the starting point
for consideration of improvements over the planning period. 

The available groundwater resources of the Salalah Plain consist of both fresh water
suitable for potable supply, and brackish water with salinity too high for direct potable
supply. At present the fresh water aq-fifer is in deficit, which endangers the existing
potable supply system and also endangers agricultural use from seawater intrusion into
the aquifer. Potential new sources of potable water are identified, for subsequent
consideration in the analysis of planning options in Chapter 5. 

2.2 Potable Water Supply 

2.2.1 Urban Land Use 

An overview of existing and projected land use in Salalah is shown on Figure 2.1.
Categories of land use include residential, commercial, industrial, agricultural,
institutional, and special (military, palaces and royal farms). The place names and 
boundaries of 34 districts of Salalah are shown on Figure 2.2. 

Existing residential and mixed residential/commercial development is concentrated in 
three areas: 

o the central city, consisting of a densely developed strip 10 km long I ing ,outh of 
the Airport and stretching from Haseelah in the east to Awqad in thc west. It is
separated from the coast by the agricultural strip, an area o" traditi(,ul small-farm 
agriculture where the lush vegetation provides an appealing, cuntrast to the 
surrounding arid landscape. Districts in the central city are: Al Qoof, Al Zawiah,
East Salalah, Town Centre, Central Salalah, New Salalah, West Salalah, Al Wadi,
Al Salam, Al Qantara, and Al Haseelah. 

" the coastal settlements, comprising the Al Shatti palace grounds and the districts 
of Al Hasn, Al Hafah, Al Baleed and Dhariz South. These form the oldest
inhabited areas of Salalah, and have grown from ancient fishing villages. Much 
of the housing has been rebuilt since 1970, but in a dense pattern of small house 
plots, narrow alleys and pathways that reflect the previous housing pattern. 

o the suburbs which have developed since about 1980, consisting of Saada North,
Saada South, Dhariz North, and Al Awqad North. Housing has developed in 
Saada and Al Awqad North in accordance with formalised plans for streets,
utilities, parks, and other public land uses. The percentage of available house plots
developed to date in these areas ranges from about 25 percent in Al Awqad North 
to about 60 percent in Dhariz South. 
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Industrial development at present consumes very little water, and consists primarily of 
warehouses, repair shops, trading enterprises and the like. These occupy the New 

Plans are under implementation for a newIndustrial Area and portions of Al Haseelah. 

Raysut Industrial Estate, in addition to the existing Raysut Cement Co. plant.
 

to public utilities, offices, schools,Governmental and open lands have been allocated 
mosques, the Airport, Raysut Harbour, palaces, hospitals, military and police 

Protection Zone has been established around the potableestablishments. A Wellfield 
supply wellfields, and other open areas have been set aside as nature reserves, public 
beaches, sports clubs, archaeological sites and reforested areas. 

has been established from previousLand use allocation within the Salalah study area 
work: a Structure Plan report (CES, 1983) and a 1985 Structure Plan map by the 

& Land Affairs of the Minister of State andDirectorate General for Urban Planning 
Governor of Dhofar; a Subregional Land Use Plan (Atkins, 1991) by the Planning 
Committee for Development and Environment of the Dhofar Governorate; and an Urban 

Land Allocation Brief - Salalah prepared by Atkins under the PCDEGD study. The 

Ministry of Housing has current plans to update the Structure Plan under the Fourth Five-
Year Plan in order to refine the subregional planning by Atkins. The land use overview 
presented on Figure 2.1 is a composite of the previous work, augmented by discussions 
with and clarifications from the Ministry of Housing and PCDEGD. 

Future developments are to be contained within the Salaiah by-pass highway, passing 
north of the Airport. Population growth and future housing needs are to be met by 

infilling of existing developments, followed by new housing developments in Sahalnawt, 
area. DetailedRaysut, Wadi Daha, and a portion of the Garsiz Farm in the Farms 

planning for Raysut and Sahalnawt is currently underway. 

2.2.2 Population and Water Demands 

a result, theThe first national census in Oman will not be carried out until 1993. As 
existing population of Salalah and historic or projected growth rates must be estimated 

Estimates from the Atkins report of existing and future populations have beenindirectly. 

officially adopted as the basis for planning in the Dhofar region. These are shown in
 

Table 2.1. The population of Salalah is expected to increase from about 77,000 at present
 
to about 183,000 in 2010.
 

The projections are based on a declining number of expatriates in Salalah (from about
 
25,000 at present to 18,000 in 2010), and a high growth rate of about 6 percent per annum
 
in the Omani population. This rate is based on the very large percentage of children in
 

the Omani population, who will reach child-rearing age over the next 20 years. The
 
overall growth rate is expected to lie in the range of 4 to 5 percent per annum over the
 
planning period.
 

TABLE 2.1 Population Projection for Salalah, 1990-2010 

Year Total Population 
P]1 

Annual Growth Rate 
[21 

1990 
1995 

76,942 
93,672 4.0% 

2000 
2005 
2010 

115,183 
143,864 
183,300 

4.2% 
4.5% 
5.0% 

Notes: 1. Includes Omani and Non-Omani population 
2. Compound growth rate over previous 5-year period 
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The distributions of population and water demands among the 34 districts of Salalah are
required for planning of the potable distribution system and wastewater collection 
system. The population and flow distributions in 1990 have been estimated from data on
metered customer use from the potable supply system, supplemented by estimates of 
water use from private wells. 

Data on metered consumption were provided by the Water Department of the Directorate 
General of Water Supply and Transport. The data are not computerised, so it was 
necessary to use summacies of information on the 13,000 customers as developed
manually by Lhe Water Department. The information available consists of the metered 
use during 1989 and the first nine months (Jan - Sept) of 1990, when total metered use 
amounted to 18 MLd. 

As shown in Table 2.2, more than half of the metered consumption is by 900 institutional 
customers (the Diwan, Ministry of Defence, mosques, and government departments).
Only two percent is used by large commercial and industrial companies, while domestic
(or mixed domestic/commercial) water use amounts to 40 percent of the total metered 
use. 

TABLE 2.2 Metered Use in Salalah Potable System, 1990 

Customer Type Number of Metered Use Percentage of Total 
Customers (MLd) Use

[11 

Institutional
 
--Diwan 345 4.97 27.5
 
-- Ministry of 17 1.74 9.6
 
Defence
 
--Mosques 143 0.34 1.9
 
--Government 358 3.39 18.8
 
Depts.
 

Subtotal 863 10.44 57.7 

Large Commercial,
 
Industrial 214 0.37 2.1
 

Domestic, small
 
Commercial 12,046 7.28 
 40.2 

TOTALS 13,123 18.09 100.0 

Note: [II For the period January - September, 1990 

The domestic demands have been distributed over 24 districts taking several factors into 
account: the number of houses and the number of metered connections in each district, as 
an indication of the number of households per dwelling; and persons the relative
affluence of the districts, as an indication of relative per capita consumption; the metered 
consumption within nine groupings of the districts; and information on the prevalence of 
private wells within the districts. 

The results indicate that the number of persons per dwelling ranges from 9 to 13 among
the districts, and the per capita consumption ranges from 80 to 150 litres per capita per
day. For projecting domestic demand (including small commercial demand), the districts 
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were divided into three groups representing high, medium, and low per capita water use, 

as shown in Table 2.3. 

TABLE 2.3 Per Capita Potable Water Use, 1990 - 2020 

Level of Use Group 	 Domestic Per Capita Use 
[1] 	 (Litres/capitaday) 

1990 2000 2010 2020
 

High a 150 165 180 200
 
Medium b 100 130 140 150 
Low c 80 100 110 120
 

Notes: [I] Districts of Salalah within each group: 
a 	 New Salalah, Al Wadi, Al Salam, Al Qantara, Saada (North and South), 

Wadi Daha, Sahalnawt (North and South), Farms 
b 	 Dhariz (North and South), Al Awqad, Al Awqad North, Raysut 
c 	 Central Salalah, West Salalah, Town Centre, Al Qoof, Al Haseelah, East 

Salalah, Al Zawia, A Hafah, Al Hasn 
[2] 	 Saturated development within limits of the wastewater study area assumed 

to occur by year 2020 

Metered use during 1990 for 400 large users (representing 96 percent of non-domestic 
demand) has been used directly to estimate the institutional, commercial and industrial 
demands in the districts of Salalah. These demands have been projected on the 
assumption that good water management and conservation practices will limit the growth 
in institutional water use. Growth in institutional demand to the year 2010 has been 
allocated as follows: a 30 percent increase by the Diwan, 100 percent by the Ministry of 
Defence, and 50 percent by the various government departments and schools. 
Allowances have also been made for growth in commercial water demand in the Town 
Centre, and in industrial water demand in the New Industrial Area and in the Raysut 
Industrial Estate. For future suburban developments, institutional water use is assumed to 
be included in the per capita allowances for domestic/commercial use. 

Water losses in the potable system include pipe leakage, meter under-registration, 
unmetered public use for fire fighting, and use from illegal or temporary unmetered 
connections. At present these losses amount to 18 percent of water production, which is a 
commendable achievement when compared to losses of 50 percent or more in many large 
cities of the world. In projecting the required water production from the potable system, 
an allowance of 20 percent for water losses has been adopted as an achievable target. 

Projected requirements for production from the potable supply system are summarised in 
Table 2.4, and the distribution of demands among four areas of the city are illustrated on 
Figure 2.3. 
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TABLE 2.4 Projection of Potable Water Supply, 1990 - 2020 

Item Year Year Year Year 
1990 2000 2010 2020
 

Population, thousands 77 115 183 206 
Domestic per capita use 107 130 150 165 
(litres/capita/day) 

Domestic consumption 8.2 14.9 27.6 34.1
 
(million litres/day)
 

Large User consumption 10.8 15.4 18.7 20.5
 
(million litres/day) [1]
 

Total production required 23.7 38.0 57.8 68.2 
(million litres/day) [21 

Notes: [1] Includes institutional, large commercial and industrial 

[2] Includes water losses at 20 percent of production 

2.2.3 Existing Potable Supply Facilities 

Two wellfields - Salalah and Saada - take water from the fresh water aquifer beneath theSalalah Plain, and pump the water to distribution reservoirs. The water is chlorinated anddistributed from the reservoirs by gravity, tlhrough the major pipelines shown on Figure2.4. In addition, a booster pump station in Raysut receives flows from the Salalahwellfield, and repumps the flows to two small distribution reservoirs. The distributionservice area covered about 2300 ha and contained about 13,000 metered customers in1990. The distribution system is relatively new, in good operating condition, andadequate for the present needs of Salalah. 

The Salalah wellfield contains ten operating wells and two additional bores which can beplaced in service in the future. Production in 1990 amounted to 18.5 million litres perday, while the smaller Saada wellficld containing three wells produced 3.5 million litresper day. Construction of the Salalah system was completed in 1982, and the Saadasystem in 1984. Leakage from the distribution system is relatively low, amounting to nomore than about 10 percent of production. However, ruptures of PVC pipe are perceivedto be a problem (reportedly about 3 ruptures per month), and as a result 25 pressurereducing valves have been installed at takeoffs from the major trunk lines. These limitthe service pressures to about 35 to 38 psi at the PRV's. 

Extensions to the distribution system are currently under construction in Al Awqad andAi Awqad North. Under the Fourth Five-Year Plan (1991-1995), expenditures of RO2,000,000 have been allocated for extensions and improvements in Salalah, and RO400,000 for improvements in the Raysut portion of the system. 

2.3 Wastewater 

2.3.1 Flows and Loads 

A large proportion of the metered potable water supply will be returned to the wastewater 
system. The major exception is potable water used for irrigation of plants and trees, 
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which accounts for much of the water use by the Diwan, and several other government 
departments. Watering of plants, and other uses which do not generate wastewater, are 
expected to be more prevalent among high water consumers than among the medium or 
low consumption groups. 

For the 400 large users, the portion of potable supply used for irrigation has been 
estimated individually, in order to arrive at the wastewater generated. As illustrated in 
Figure 2.5, about 40 percent of the potable supply to large users (institutional and large 
commercial and industrial users) is expected to become wastewater; it can also be seen 
that the 10 largest water users account for more than half of the flows associated with the 
400 large users. For domestic consumers, 80 percent of potable use by those in the high 
consumption group, and 90 percent in the low and medium consumption groups, are 
expected to become wastewater. 

Local sewers in the collection system must be designed for ultimate saturated 
development; in the center of the city, a fifty-percent increase in the number of 
inhabitants per building has been assumed to allow for eventual development of taller 
apartment buildings in place of the existing two and three storey buildings. 

Cumulative Flow, million litres per day IPotable Suppu12 

10 

b 

6 
4 Wastewater 

2 

0 50 100 150 200 250 300 350 400 450 

Cumulative Number of Large Users 

Figure 2.5 Potable Supply and Wastewater Generation by Large Users, 1990 

As areas become sewered, it is expected that the wastewater generated on connected 
premises will approximately equal the flows arriving at the treatment plant. The vast 
majority of sewers will lie above the groundwater table. In these areas, exfiltration from 
the sewers is expected to be minimal due to the low depths of water in the sewers, and 
due to clogging of the soil by wastewater solids at any open cracks or joints in the sewer 
system. In coastal areas where some sewers will be below the groundwater table, 
infiltration of salty water into the sewers must be minimised to support reuse of reclaimed 
water. Intrusion of dust, debris and infrequent stormwater flows into the sewers must be 
prevented to assure the performance and integrity of the wastewater system, and no 
specific allowance has been made for these possible components in selection of sewer 
capacities and treatment processes. 

The wastewater flows generated over the planning period are summarised in Table 2.5. 
For consideration of reuse alternatives for reclaimed water, a lower projection of flows 
available for reuse has been estimated, by assuming that delays may occur in extension of 
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the sewer system. Water losses from sludge production and other plant losses have also 

been estimated. The resulting projection of reclaimed water is included in Table 2.5. 

TABLE 2.5 Projection of Wastewater Flows, 1990-2020 

Item Year Year Year Year 
1990 2000 2010 2020 

[1] 

Population, thousands 77 115 181 208 

Domestic per capita wastewater 
(litres/capita/day, weighted avg.) 89 104 119 141 

Domestic wastewater flow 
(million litres per day) 6.9 12.7 22.6 29.2 

Large User wastewater flow 
(million litres per day) [2] 5.4 9.4 12.1 13.4 

Total wastewater generated 
(million litres per day) 12.3 22.1 34.7 42.6 

Reclaimed water available 
(million litres per day) 
(million cubic metres per year) 

--
--

14.5 
5.3 

23.0 
8.4 

38.4 
14.0 

Notes: [ ] Saturation within study area limits expected by 2020 
[2] Institutional, large commercial, and industrial use 

For comparison of the conveyance costs for alternative treatment plant sites, the study 
area is divided into six wastewater collection zones. The collection zones, and theprojections of wastewater generated within the zones, are shown on Figure 2.6. At
saturated development, about 64 percent of the wastewater will come from the tw,
central zones (Zones D and E) designated City East and City West (which includes Al
Awqad North, Wadi Daha, and the Raysut Industrial Estate). For the remaining zones, 13 
percent will come from Saada, 10 percent from Sahalnawt, 8 percent from Raysut, and 5 
percent from Dhariz. 

The pollutional loads in wastewater which have the greatest impact on selection of 
treatment processes are BOD (biochemical oxygen demand) and SS (suspended solids).
Values have been estimated from MOE and MOD data on package sewage treatment
plants in the Salalah region, from experience at the Darsait plant in Muscat, and from
experience elsewhere. For domestic wastewater, per capita contributions of BOD/SS are
estimated at 50/60 grams per capita per day at present, increasing to 60/70 grams per
capita per day in 2020. For industrial wastes, pretreatment or exclusion of strong and
deleterious wastes is proposed, such that the wastewater arriving at the municipal
treatment plant will have average BOD/SS concentrations of 200/250 mg/L. As a rest Itof the projected increase in domestic per capita flows, the strength or concentration ofBOD and SS is expected to decline over the planning period as shown in Table 2.6. 
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TABLE 2.6 Projection of Wastewater Loads, 1990 - 2020 

Item Year Year Year Year 
1990 2000 2010 2020
 

A. TOTAL WASTEWATER 
GENERATED
 

(million litres per day) 12.3 22.1 34.7 42.6 

B. BIOCHEMICAL OXYGEN 
DEMAND 

Load (metric tonnes per day) 
--Domestic 3.8 6.4 10.5 12.5 
--Large users 1.1 1.9 2.4 2.7 

Total 4.9 8.3 12.9 15.2 

Concentration (mg/L) 402 375 372 356 

C. SUSPENDED SOLIDS 

Load (metric tonnes per day) 
--Domestic 4.6 7.6 12.1 14.6 
--Large users 1.4 2.4 3.0 3.3 

Total 6.0 10.0 15.1 17.9 

Concentration (mg/L) 487 454 435 420 

2.3.2 Existing Wastewater Facilities 

Si. alah has no sewerage system, aside from 16 governmental installations which are 
served by package sewage treatment plants. The plant locations are shown on Figure 2.7,
which also shows the septage disposal area in Wadi Sahalnawt and the recently-built 
septage stabilisation ponds at Wadi Qaftawt. 

The capacities of the 16 package plants range from 11 to 400 cubic metres per day, and 
can treat a total of 2240 cubic metres per day of wastewater. If operated at capacity, this 
would account for no more than 18 percent of the total wastewater generated (12.3
ML/d). The existing plant at Qaboos Hospital is out of operation, and is to be replaced by 
a 500 cubic metre per day plant. 

Domestic wastewater is generally discharged to soakage pits, and to cement-block or 
perforated concrete tanks which allow drainage through the sides of the tank. Excluding
Saada, less than two percent of homes are understood to have proper septic tanks. 
Holding tanks are stipulated under building regulations for new homes in Saada to limit 
groundwater contamination, but a project household water use survey discovered only 
one holding tank (in South Dhariz) among the households surveyed. 

Although soils are porous and suitable for conventional septic tanks and leaching fields, 
the densely-developed districts of central Salalah have small house plots and adjacent
houses have adjacent soakaway pits. As a result, in many of these districts, emptying of 
septage by vacuum tanker truck is required at intervals of three months or less, for more 
than half of the households. These districts include East Salalah, Al Hafah, Al Hasn, and 
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Al Baleed. In contrast, ten percent or fewer of households in Saada, Dhariz North, West
Salalah, Al Qoof, Al Zawiah, and Al Awqad North required this frequency of service. 

The disposal area in Wadi Sahalnawt receives septage carried by municipal and private 
vacuum tankers. It also receives wastewater from several package plants, from service 
stations, and from a number of the larger governmental and commercial enterprises.
From data provided by the Municipality, fifty-five tankers having a total capacity of 510
cubic metres carried an average daily volume of 1140 cubic metres to Wadi Sahalnawt in 
October, 1990. 

As of August 1991, construction of the Wadi Qaftawt septage stabilisation ponds was
essentially complete, and the Municipality was planning to issue tenders for contract 
operation and maintenance of the facility. The design flow is 1500 cubic metres per day.
The facilities consist of two anaerobic ponds operated in parallel, followed by four 
facultative ponds in parallel, and three maturation ponds in series. The effluent can be
chlorinated, and can also be passed through an experimental reed filter bed for polishing
of the effluent. At the plant headworks, facilities are provided to empty 12 tankers at a 
time, and to pump the liquid wastes to the anaerobic ponds. A laboratory and standby
power generators are also provided. Obtaining approval from the Ministry of
Environment to operate the facility may become an issue, since the high effluent 
standards normally required cannot be met by the stabilisation ponds. 

2.4 Agricultural Water Use 

Locations of existing and proposed agricultural land use are shown on Figure 2.8. Farms 
are of two types: the small-scale private sector farms occupying 1,680 hectares in the
traditional agricultural strip paralleling the coast; and large-scale modem farms covering
1,330 hectares operated by three organisations - the Ministry of Agricultural and 
Fisheries (MAF), the Royal Farms, and the Dhofar Cattle Feed Company. Of the gross
agricultural area of 3,014 hectares, an estimated 2,448 hectares are under cultivation. 

The average small scale farm contains only 1.7 hectares, and typical crops include 
vegetables, coconut, banana, and papaya. MAF conducts research on crops and
livestock, and manages a small coconut plantation. Five royal farms - Razat, Mamoorah,
Robat, Bir Bint Ahmed and Garage Farm - supply produce for the Royal Palaces and also 
for the local market. The Dhofar Cattle Feed Company produces fodder on Garsiz Farm 
and Sahainawt Farm for its own dairy herd and also for commercial sale. 

The area under cultivation has increased by at least 440 hectares in the last five years.
Further growth is constrained by several factors: urban encroachment; poor soils found on 
undeveloped land; a recent policy to allow land holders to build one house on each farm
plot; and a moratorium on further agricultural development requiring increased 
abstractions from the groundwater aquifer. 

MAF is investigating the possible development of a coconut plantation, to be located near
Razat Farm east of Salalah, which is dependent on finding water in suitable quantities and 
quality. In this Masterplan study, one of the options considered for use of reclaimed 
water was irrigation of this coconut plantation. 

Crop water requirements have been estimated by the Penman method, as applied to the
Salalah area in a study by Little (1982). The Penman potential evapotranspiration
estimates take into account the monthly changes in temperature, relative humidity, wind 
and sunlight, as well as elevation and latitude. Potential evapotranspiration is lowest (106
mm) during the monsoon in August, and is highest (262 mm) in May. 
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For individual crops, the water requirement is the product of potential evapotranspiration
times a crop factor, which depends upon the cropping system (multiple, relay, or double
cropping, and in the case of fodder 10 to 13 cuttings per year). Crop factors have been
estimated from MAF data, andfrom FAO (1984) from Little (1982). Masterplan
estimates of future water consumption for agriculture are derived from these crop water 
requirements. 

New estimates of evapotranspirati'n and crop water use are now being made by the FAO
Soil and Land Use Survey team for the Salalah Plain and these results are due for
publication in 1992. The new estimates are based on a revision of the Penman method
which, in the case of the Salalah crops, calculates values of ETo up to 30 percent lower
than those determined by Little (1982). It has not been possible to fully integrate these 
new data into this report. However the implications of lower crop water consumption are
discussed in Appendices B and C. It is important to recognise that both field
observations of groundwater quality and the numerical modelling of the aquifer system
indicate that there is a deficit in the groundwater system, no matter which value of crop
water use is used. 

Water holding capacities of soils are generally low on the Salalah Plain. Irrigation is
required every two days for most crops. The Consultant's survey of a sampling of farms
indicated very low irrigation efficiencies, when irrigation pumpage is compared to crop
water requirements. Much of the excess pumpage returns to the aquifer by percolation,
which cannot be measured easily. Crop consumption, defined as the net loss of water in
the aquifer, has been estimated as the crop evapotranspiration plus evaporation loss.
Evaporation losses have been estimated for the various methods of irrigation, such as
overhead irrigation by raingun or centre pivot, or surface irrigation by border strip, basin 
or furrow. 

Economic returns to water have been estimated taking into account crop water
consumption, crop yields, market prices, and production costs. Vegetable crops have
high economic returns, averaging about 200 Baisa per cubic metre of water. As
summarised in Table 2.7, the total water consumption of vegetables is low because the 
market demand can be satisfied on a small land area. 

In contrast to vegetables, fodder production has a low economic return of about 50 Baisa 
per cubic metre (based on limited data for small farms), but consumes a large portion oftotal agricultural water consumption. In contrast, customers of the potable water system
pay 440 Baisa per cubic metre, and much of their water use (at present, before a sewer 
system is constructed) is returned to the aquifer. 

2.5 Available Water Resources 

2.5.1 Introduction 

The communities of the Salalah Plain are as acurrently totally reliant on groundwater
source of water supply. The aquifer occurs within the karstic sandy limestone of theBaleed Member of the Upper Tertiary Adawnib Formation. The limestone extends across
the entire plain but is only developed as an aquifer where the solution channels have not
been infilled with clays, silts and rock fragments. Fresh water is generally found in high
permeability zones where aquifer recharge and flushing are greatest. 

Groundwater quality varies across the plain, with salinity ranging from less than 800
microsiemens/cm in the fresh water zone to over 16,000 microsiemens/cm in the western 
areas around Raysut. Groundwater quality is a significant consideration in the
Masterplan. It defines the type of use to which the water can be put as well as indicating
the degree of treatment required to achieve higher standards. In the text that follows,
reference will be made to two water quality groups: fresh water and brackish water. 
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Fresh water is defined as water with a salinity of less than 2000 microsiemens/cm. This 
includes potable water, with a salinity less than 1000 microsiemens/cm, and water which 
can be used for most agricultural purposes. Brackish water is defined in this report as 
having a salinity between 2000 and 5000 microsiemens/cm. It can be used for direct 
irrigation of some crop types, or it can be blended with fresh water to achieve an 
acceptable standard. Water with a salinity exceeding 5000 microsiemens/cm is 
considered saline and non-usable. The groundwater quality of the Salalah Plain aquifer is 
shown in Figure 2.9. 

TABLE 2.7 Summary of Total Agricultural Water Consumption 

Unit Value of Crops or Net Area Water Calculated 
Water Water Use Cultivated Consumption Water Value 

Consumed 
Range (Baisa (hectares) (million cubic (million Rials 

per cubic metre) metres per year) per year) 
YEAR 1990 

100 to 256 Vegetables [1] 203 2.7 0.44 
59 to 80 Coconut, 725 16.7 1.17 

papaya, squash, 
eggplant 

47 to 52 Fodder 988 23.3 1.12 
46 to 50 Water melon, 381 8.8 0.44 

banana
 
14 to 15 Fruit trees 120 2.1 0.03 

NA Amenity 31 1.8 NA 
plantings 

TOTALS,1990: 2,448 55.4 3.20 
YEAR 2010 

100 to 256 Vegetables [1] 189 2.5 0.40 
59 to 80 Coconut, 997 23.4 1.62 

papaya, squash, 
eggplant 

47 to 52 Fodder 642 15.6 0.49 
46 to 50 Water melon, 289 7.6 0.36 

banana
 
14 to 15 Fruit trees 110 2.0 0.03 

NA Amenity 31 3.1 NA 
plantings 

TOTALS,2010: 2,258 54.2 2.90 
[1] Note: vegetables include tomato, chilli pepper, cucumber, cauliflower, and 

cabbage
 

2.5.2 Fresh Groundwater 

Computer modelling of groundwater flow has been carried out and a fresh water budget 
has been derived for the Salalah Plain. Two models were set up. The first model 
simulated aquifer responses using the agricultural water consumption figures derived 
from Little (1982). A second model was established using the new agricultural water 
demand figures supplied by the FAO Soil and Land Use Survey project. These new 
figures have not yet been published, but they were tested in the model to assess their 
impact on the water bud;et. The calibration of the second model that simulated flows 
with a 30 percent reduction in agricultural water use, required a corresponding reduction 
in recharge to the aquifer. As a result both models, produced a deficit in their respective 
water budgets, as shown in Table 2.8. Case I refers to the first model with agricultural 
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water demand based on Little (1982) and Case 2 is derived from the second model with 
the new FAO estimates. 

The analysis of the fresh water budget indicates that the fresh water aquifer of the Salalah
Plain is in deficit. The numbers from the analysis are given in Table 2.8. The contraction 
of the fresh water aquifer since 1982 is shown on Figure 2.10. 

TABLE 2.8 Fresh Water Budget for the Central Salalah Plain 

CASE 1 CASE 2 

Component Input/Output Input/Output
(Mm 3/year) (Mm 3/year)

Flow from Jebel 30.7 24.9 
Spring Flow 1.1 1.1 
Rainfall 0.6 0.6 
Agricultural Consumption - 31.7 - 21.5 
Potable Consumption and Loss - 6.9 - 6.9 
Flow to Sea - 1.5 -2.6 

TOTAL -7.7 -4.4 

Clearly there is a deficit in the fresh water budget regardless of which figures are used for
reference evapotranspiration. In the ensuing discussion the assumption of higher
agricultural water demand will be made to ensure a conservative basis for planning.
Table 2.8 shows the deficit to be 7.7 (40.1 - 32.4) million cubic metres. The effect of the
deficit is apparent in the groundwater flow pattern. Groundwater modelling of the 
Salalah Plain aquifer indicates that the fresh water zone will contract substantially over 
the next 20 years if abstractions continue to increase. The predicted water table
distribution shows a large cone of depression developing in the central fresh water zone
and intrusion of saline and brackish water (Figure 2.11). 

The decline in the capability of the aquifer to meet demand has been quite dramatic over 
the last 10 years. There has been a significant increase in both agricultural and potable
water consumption. The comparison between agricultural areas in 1982 and in 1991 is 
shown in Table 2.9. 

TABLE 2.9 Changes in Agricultural Areas, 1982 - 1991 

Cultivated Cultivated
Agricultural Enterprise Area - 1982 Area - 1991 

(ha) (ha) 

Small Farms 943 1277 
Garsiz Farm 280 324
Sahalnawt Farm 150 242 
Razat Farm 360 286 
Palaces 43 79 
Ministry of Agriculture & Fisheries 54 240 

TOTAL 1830 2448 

In 1982 the total production of potable supply from the Salalah wellfield was 3.48 million 
cubic metres. By 1990 the combined production from the Salalah and Saada wellfields 
had increased to 8.44 million cubic metres. 
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The increase in agricultural and potable water consumption has caused the water budgetto change roma positive to a negative balance. The modelling suggests that prior to1982 there was surplus water in the system which flowed to the sea and maintainedsalinities at a low level through flushing in the central zoae. Since groundwater flowfrom the Jebel varies within a limited range, the increased demands on water have beenmet by a contraction of the fresh water resource. This occurs .s a result of fresh waterbeing drawn from storage. If over-abstraction is allowed to persist the process willeventually result in degradation of the entire aquifer and loss of the resource. 

The reserves of fresh water underlying the plain have been estimated at about 340 millioncubic metres but the deficit in the fresh water budget causes that reserve to contract every 
year. 

Fresh groundwater is also present in the eastern Salalah Plain. Taqah and Mirbat derivetheir potable water from two wellfields located at the junction of the Wadi Darbat
catchment and the plain. The aquifer here is a porous limestone of moderatepermeability. The capacity of the aquifer is limited by the narrow width of the plain andthe potential for seawater intrusion from the nearby coast. Attempts to increase the yieldof the aquifer by lowering the pumps in the wells have been unsuccessful because theaction has induced flows of more saline water. It would seem that these two wellfields 
are operating at close to maximum capacity. 

The Wadi Darbat catchment covers approximately 400 square kilometres. During the monsoon the catchment captures a significant amount of fresh water. This waterrecharges the aquifer within the Umm Er Rhaduma Formation, some flows fiom springsinto the Darbat pools, and the remainder migrates along karstic and linear features withinthe limestone. This water recharges the aquifers at the base of the catchment on the plainitself and may also move further across the plain following lineaments. 

2.5.3 Brackish Groundwater 

The areas of brackish groundwater are shown in Figure 2.9. Reserves of brackishgroundwater have been estimated at 153 million cubic metres, of which 109 ,ziliiion cubicmetres occurs to the west and east of the fresh water zone and the remainder underlies (hefresh water zone. The groundwater modelling suggests that recharge to the brackish
 
water zone is, on average, 20 million cubic metres per year.
 

Brackish groundwater is currently being used for irrigation on farms located off the freshwater zone of the aquifer. In the case of small farms in the coastal agricultural strip, the
farming survey which was conducted as part of the Masterplan study, indicated 
 anaverage well salinity of 4300 microsiemens/cm, with the highest salinities being recordedat the western and eastern extremities of the agricultural area. At Awqad salinities ashigh as 11,900 microsiemens/cm were recorded and at Sahalnawt a value of 6,900microsiemens/cm was found. At such high salinities only salt tolerant crops such ascoconuts and rhodes grass are viable and yields are greatly reduced. 

The brackish water represents a resource that could be used either for agriculture or forblending with fresh water to supplement the potable supply. Since the brackish water resource is limited new agricultural activity on the plain should not be encouraged andconsideration should be given to relocating some existing agriculture currently usingfresh water to areas of brackish water where reasonable crop yields might still be 
expected. 

The possibility of increasing the total volume of potable supply by blending fresh waterand brackish water does exist, although it is likely that further treatment of the water,particularly softening to reduce hardness, would be required. The areas which are 
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potential sources of brackish water are the western and eastern Jebel Front and the Wadi 
Adawnib catchment. These areas are shown on Figure 2.12. 

The Jebel Front areas are located at the junction of the plain and the Jebel where 
groundwater occurs in the karstic limestones which have been fractured as a result of 
block faulting. The aquifer is partially confined and water is struck at levels varying 
between 40 metres and more than 150 metres. The locations of Jebel Front wells drilled 
by the Ministry of Water Resources, and a summary on the quantitities and qualities of 
the water found, are shown on Figure 2.13. 

The Jebel Front areas are of particular significance in the search for new water sources 
because they receive recharge during the monsoon. Hydrographs of wells rise in 
response to precipitation in the adjacent Jebel, as shown in the two representative plots in 
Figure 2.14. The rapid response to recharge indicates there may be potential for locating 
reasonable reserves of replenishable groundwater in this area, and low salinities may also 
be encountered. 

The Wadi Adawnib catchment extends northwest from Raysut to the base of the western 
Jebel. Along the Jebel Front there are perennial springs and waterholes which support
vegetation throughout the year. Although drilling data are sparse, some wells have been 
drilled along the lower reaches of the wadi for non-potable military and commercial 
purposes. Groundwater conductivities range between 2000 and 3500 microsiemens/cm in 
the wadi vaz'eys, with values exceeding 6000 microsiemens/cm on the higher plain.
Yields around 6 litres per second have been reported, although these may not represent 
true aquifer capacity. 

2.5.4 Springs and Wadis 

Springs occur in the Jebel Al Qara where fissured limestones overlie relatively low 
permeability units. Such occurrences are most common at two horiL is - close to the 
base of the Dammam Formation where vertical flow is constrained by Rus Formation 
aquiclude and at the base of the Umm Er Rhaduma Formation where . .w through the 
karstic limestone encounters the massive Cretaceous limestones. Moi: ihan 200 springs 
have been recorded in the Dhofar region. Some flows are perennial, but most flows occur 
on a seasonal basis, usually during the monsoon. 

The springs in the Umm Er Rhaduma Formation which issue from the base of the Jebel 
Al Qara have the most significant flow. There are five main perennial springs which flow 
onto the Salalah Plain - Ain Garsiz, Ain Sahalnawt, Ain Arzat, Ain Hamran and Ain 
Tobruk. Flows at these springs have been recorded on a monthly basis by the Ministry of 
Water Resources using a current meter. The average annual flows have been estimated to 
be as follows: 

(Mm 3 /yr)
 
Ain Garsiz 1.1
 
Ain Sahalnawt 2.0
 
Ain Arzat 5.3
 
Ain Hamran 0.7
 
Ain Tobruk 0.7
 
TOTAL 9.8
 

The water quality of the spring flows is generally good, with electrical conductivities 
between 600 and 800 microsiemens/cm and fluoride levels less than 0.35 mg/l. 

Currently most spring flow is dedicated to agricultural use - water from Ain Garsiz is 
used on the MAF Livestock Research Farm, Sahalnawt water is used on Sahalnawt Farm 
and Arzat spring water is used on Razat Farm and Mamoorah Palace. As demand for 
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potable water increases there may be a need to examine some of these uses. There may 
also be scope for investigating the aquifers of the plain which are located downstream of 
the springs which are not being used, including Hamran and Tobruk. These areas receive 
recharge water from the springs and may contain significant reserves of low salinity 
groundwater. 

The scope for using wadis as a source of fresh water is restricted to flood flow 
interception. Wadi channels are largely relic features, having developed on the plain
during earlier pluvial periods. The wadi channel system now largely controls surface 
flows. I'hese flows occur at irregular intervals, with major flood events being associated 
with infrequent thunder storms and cyclonic rainfall. A recharge dam is now being 
constructed on Wadi Sahalnawt to capture flood flows and divert them into the aquifer.
This is the only way to make use of surface water flows, but because the construction 
costs are so high, flood flows are so infrequent and the potential for silting of the basin 
and evaporation of the water exists, it is not considered to be an economically feasible 
system in Salalah. 

2.6 Augmentation of Water Supply 

Apart from the development of additional groundwater reserves on the plain, the scope 
for augmenting water supply includes the following options: 

- Relocation of fodder production from Garsiz Farm which is consuming large 
quantities of fresh water 

- Injection of reclaimed water into the fresh water aquifer 

- Water conservation 

- Enhancement of recharge to the fresh water aquifer 

- Fog moisture interception in the Jebel 

- Desalination of seawater 

Each of these options has been examined during the Masterplan study and are described 
in detail in Appendix E. Relocation of fodder and recharge of the fresh water aquifer
with reclaimed water represent the most feasible schemes. A summary of the options is 
given in Table 2.10. 

TABLE 2.10 Summary of Augmentation Options 

Augmentation Option Water 
Obtainable 
(Mm 3 /yr) 

Unit Cost 
(Baisa/m3 ) 

Expansion of Salalah and Saada wellfields Up to 25* 35 
Fodder relocation from Garsiz Farm 7.55 37 
Injection of reclaimed water 
Water conservation 

Up to 14 
Up to 0.8 

64 
2 to 160 

New sources Wadi Darbat, Jebel front Up to 20 74 to 185 
Desalination 
Recharge dams 

Up to 25 
0.3 

660 
1,360 

Fog harvesting Small 2,000 to 55,700 

*Note: estimated potable demand within the study area in 2020 is 25 Mm3 /yr 
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3.0 MASTERPLAN ALTERNATIVES 

3.1 Masterplan Concepts 

3.1.1 Objectives 

In the development of Masterplan Alternatives for consideration by the Dhofar 
Municipality, the Consultant was guided by two over-riding objectives:
 

o 
 Provide for the potable water supply needs of the present and future population of 
Salalah 

o Design and construct wastewater handling facilities for Salalah 

Included within these all-encompassing objectives were several subsidiary, nonetheless 
important, goals the Consultant sought to achieve. These included: 

o Preservation of the viability of the fresh water aquifer 

o Preservation of the environment in and around Salalah
 

o 
 Required expansion of the water distribution system 

o Encouragement of water conservation practices 

o Minimisation of water distribution system losses 

o Modification of water consumption patterns through pricing policies 

o Continued use of the stabilisation ponds at Wadi Qaftawt 

As the masterplanning process proceeded, it became apparent that there were a number ofsystem components which would be common to any Masterplan Alternative and, while
they did not influence the choice of a prcferred Masterplan because of their commonality
to all Masterplans, they were nevertheless important components of the system. These 
common system components are summarised below. 

3.1.2 Water Supply Components Common to All Masterplan Alternatives 

Water supply encompasses both the provision of adequate amounts of water to consumers 
and the sensible and rational use of that water by those consumers. Certain components
related to water supply are common to all Masterplan Alternatives. These include: 

" For all Masterplan Alternatives, the categories of water use and the projections of 
use are the same. The major categories are:
 

- Residential/commercial requirements
 
- Palaces and royal farms
 
- Amenity plantings
 
- Irrigation in the traditional agricultural strip
 
- Other actual and potential irrigation 

" Water Conservation - there is considerable scope for the conservative use of 
available water supplies by individual consumers and agencies. The methods 
available include use of a progressive block water tariff, rstriction of watering ofprivate gardens to the minimum necessary, constraining tie private use of water
for non-essential purposes and, very importantly, maximising the efficiency of
water application for agriculture, Municipality amenities and the Diwan of Royal 

3-1
 

(2 



Court. The last two could provide a catalyst for conservation because 
governmental entities inherently have greater control and discipline over their 
actions than the public at large and can therefore set a good example for the entire 
community. 

o 	 Increased Irrigation Efficiency - through expanded agricultural extension services, 
assistance in the improvement of surface irrigation methods, the acquisition and 
installation of modern small-scale irrigation equipment and, possibly, some 
restructuring of cropping patterns, significant savings in consumptive water use 
could be achieved in the traditional agricultural strip. 

o 	 Environmental Considerations - in Chapter 7.0 and Appendix H, a summary of 
the environmental conditions extant in the Salalah area are presented. For all 
Masterplan Alternatives, the constraints imposed by environmental sensitivity 
have been observed throughout. In consequence, no Alternative includes 
elements which violate any identified or protected areas of environmental 
sensitivity without the provision of adequate mitigation measures. 

3.1.3 Wastewater Components Common to All Masterplans 

All Masterplan Alternatives considered have these common wastewater components: 

0 	 Effluent Quality - The effluent to be discharged will protect the public and the 
environment. It will also meet Omani Regulations for Wastewater Reuse and 
Discharge; 

o 	 Treatment Plant Location and Treatment Processes - A number of alternatives for 
treatment plant sites and for appropriate treatment processes were analysed. Of 
these alternatives, which included treating all wastewater at one location and 
treating wastewater at several locations, treatment at the Sahalnawt Site was the 
Consultant's recommendation. However, following extensive discussions and 
consultation between the Client and the Consultantt, it was decided to locate the 
treatment plant site at Wadi Daha. This site was also approved by the Supreme 
Committee for Town Planning. The prescribed treatment consists of biological 
treatment with nitrificatio/denitrification, filtration and disinfection before 
disposal or reuse. 

0 	 Sludge Processing - Sludge processing will include thickening, stabilisation and 
dewatering with belt filter presses. Because the wastewater from the industrial 
areas (including service stations) will be kept out of the sewer system and because 
of the hardness of the water supply, the concentration of metals in the sludge 
should be low enough to allow for its reuse. 

C 	 Areas to be Sewered - The areas to be sewered first are Dhariz, areas of 
downtown Salalah, high-density areas in Awqad, Saada and certain coastal areas. 

0 	 Use of Wadi Qaftawt Ponds - When the wastewater treatment plant goes into 
operation, the ponds will still be needed. One requirement will be for treatment of 
wastewater from unsewered areas. In addition, it is proposed that wastewater 
from certain industrial areas be kept out of the main treatment plant, in order to 
ensure the high quality of treated effluent earmarked for reuse, and be treated at 
Wadi Qaftawt. The areas from which industrial wastes would be pumped to Wadi 
Qaftawt include the Raysut Industrial Estate and the northern portion of the New 
Industrial Estate. The proportion of the New Industrial Estate wastewater to be so 
handled will depend on the results of Wadi Qaftawt treatment and industrial 
wastes studies. 
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A valid question is whether the wastewater system should accommodate street runoff as
well as used water. While many old sewer systems do handle both sewage and storm 
water this is not recommended for Salalah because it would introduce unwanted dust and 
debris into the sewer system. The proposed system should handle wastewater only in 
order to minimise blockages and any interference with the treatment processes. 

3.2 Planning Basis for Development of Alternatives 

Development of discrete Masterplan Alternatives for Salalah was driven by water 
resource considerations which, in turn, dictated certain key decisions regarding elements
of the wastewater system. The key issues which provided the basis for differentiating
between Masterplan scenarios were related to water resources. 

The water supply and water consumption data in Table 3.1 illustrate the impact, over 
time, of various actions related to water supply, abstraction and use on the Salalah Plain.
The evaluation in Table 3.1 is carried out to 2020 (the planning horizon) in order to 
properly reflect the impact of actions which may be taken at or near the end of the 20
year (1990-2010) planning period. 

The data summarised in Table 3.1 relate to the fresh water aquifer, since this is the part of 
the Salalah Plain water system which is exploited for potable supply and is being
overdrawn. Since it receives annual recharge it is capable of sustainable use, provided
wise management decisions are taken over the coming years. 

Annual fresh water recharge is estimated to be approximately 32 million cubic metres. 
Net abstractions over the planning horizon were compiled and, when deducted from the
annual recharge, illustrate the gravity of the water supply problem facing residents of the 
Salalah Plain. The prese.it deficit (abstractions in excess of recharge) of about 8 million 
cubic metres per year will grow to over 21 million cubic metres per year by 2020,
assuming that present practices are continued without change. In essence, these figures
represent the "no action" alternative. For this reason, as well as other equally important 
reasons outlined in Chapter 7.0, acceptance of the "no action" alternative is not a viable 
course of action. 

Relocation of the large fodder farms, currently using fresh water for irrigation, to 
brackish water sources will significantly reduce the annual abstractions from the fresh 
water aquifer and release that water for satisfaction of higher value water requirements.
The figures related to fodder relocation included in Table 3.1 illustrate the magnitude of
savings which could be realised through adoption of this scenario. However, even with 
the relocation of the large fodder farms off the fresh water zone, the water supply
shortage for the Salalah Plain will not be solved, but only deferred further into the future. 

An addifional mechanism for increasing the available water supply in the fresh water
aquifer is the utilisation of reclaimed water for aquifer recharge. While this represents
only a modest addition in the early years of the planning period, maximum aquifer
recharge using reclaimed water will provide a very significant benefit in the later years of 
the planning period and beyond. In conjunction with relocation of the large fodder farms
off the fresh water aquifer, this would result in a net surplus in the fresh water aquifer out 
to, and beyond, 2020. 

The precise volume of new fresh water that may be found in the Wadi Darbat and Jebel
Front areas is not known. In the opinion of the Consultant, this concept has a good
chance for success and should be pursued aggressively prior to any irreversible 
commitment of financial or other resources to more costly or complex solutions to the 
Salalah water supply problem. 

The concept of blending brackish water with the present wellfield supply was considered 
as a component in the development of Masterplan Alternatives, since blending represents 
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a relatively simple and economical means of expanding the available water supply by up 
to 30 percent, without any appreciable impact on water use in the Salalah Plain, and with 
the additional benefit of reducing the annual deficit. However, since blending depends on 
the successful development of new water sources, it was not included as a specific water 
supply component. Seasonal water needs by Jerbeeb settlements could also be in conflict 
with use of brackish water for municipal supply, if the brackish water is taken from the 
Jebel Front or Salalah Plain. 

TABLE 3.1 Water Management Options 

BASE CASE 
1990 1995 

(M
2000 

illion Cu
2005 

bic Metre
2010 

s Per Year) 
2015 2020 

Annual Recharge 32.40 32.41," 32.40 32.40 32.40 32.40 32.40 

Abstractions 
Gross Potable 
Potable Return 
Fodder 
Other Agriculture 
Outflow (estimated) 

8.70 
-1.80 
12.00 
19.70 

1.50 

10.60 
-2.10 
12.00 
19.70 

1.50 

13.90 
-2.80 
12.00 
19.70 

1.50 

17.90 
-3.60 
12.00 
19.70 

1.50 

21.10 
-4.20 
12.00 
19.70 

1.50 

23.00 
-4.60 
12.00 
19.70 

1.50 

24.90 
-5.00 
12.00 
19.70 

1.50 

Total Abstractions 40.10 41.70 44.30 47.50 50.10 51.60 53.10 

Aquifer Surplus/ 
Deficit (-) 

-7.70 -9.30 -11.90 -15.10 -17.70 -19.20 -20.70 

Relocatefodder farms 
(includes MAF) 

11.00 11.00 11.00 11.00 11.00 11.00 

Recharge 90% of 
Reclaimed Water 

2.65 5.30 6.71 8.39 10.51 14.00 

Blending 30% Brackish 
Water 

3.18 4.17 5.37 6.33 6.90 7.47 

The possibility of construction and operation of a desa!ination facility has been 
considered, though it is a very expensive option, both in termn of capital and operating 
costs. The impact of utilising desalinated water was not included in Table 3.1 because, 
unlike the other water supply or water savings options included in that table, desalination 
facilities can, within reason, be constructed to provide virtually any amount of fresh water 
required -- at a price. 

As well as defining water supply alternatives from a technical and engineering 
perspective, the Consultant developed economic costs for the various water supply 
options. 

Owing to the fact that the required facilities are already in place, water supplied from the 
existing wellfields is the most economic source. At the other end of the spectrum, 
desaliaiated water is by far the most expensive. The costs of other water supply options 
summarised above fall between these limits. Table 3.2 shows the costs for various water 
supply options. 

This brief summary of potential components of the water supply system which could be 
used alone, or in combination, to reduce or eliminate the fresh water deficit in the Salalah 
area sets the stage for the definition of a series of Masterplan Alternatives. The 
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Consultant believes these alternatives covered the spectrum of opportunities available and
from which, after review and discussion, the appropriate authorities selected the preferred
Masterplan for the future water supply and wastewater nmanagement system in Salalah. 

TABLE 3.2 Economic Criteria for Water Sources 

Capital Cost Total Economic Cost Cost per Cubic 
(MRO) (MRO) Metre (Baisa) 

Existing Wellfield - 0.58 35
 
Fodder Relocation 4.33 2.73 37

Aquifer Recharge 3.04 2.59 64

New Water Sources 1.1-6.7 1.8-6.7 
 74-135
Desalination 24.47 27.26 660 

3.3 The Masterplan Alternatives 

3.3.1 Introductory Comments 

Four alternative programmes have been formulated that incorporate various combinations
of the available development measures listed above. The effect of each of them in 
relation to the water balance over time is shown in Figure 3.1. All four alternatives 
assume that urban potable use of the existing fresh water aquifer, supplemented in various 
ways as shown in Figure 3.1, will continue and that an array of water conservation 
measures will be introduced. Table 3.3 shows a compilation of the time of introduction
and capital costs of water source components for each Alternative. In addition to these 
costs, all Alternatives have wastewater system costs which are the same and amount to
RO 64 million over the 20-year duration of the Masterplan construction period (1991
basis). 

3.3.2 Alternative A: Desalination and New Water Sources 

Alternative A is based on the use of desalination but assumes that brackish water will be
found in usable quantities in the western Jebel front area and that usable fresh water will
be found in Wadi Darbat, a very large catchment located about 30 kilometres east of
Salalah. Because these sources, if proven, can be developed at lower cost than a
desalination plant, they would be introduced first, in 1995. The Wadi Darbat sourcewould be drawn on at the full capacity of the transmission facilities, assumed to be 7.3 
million cubic metres per year. The rate of introduction of western Jebel front waterwould increase as .he volume of fresh water for blending increases. A desalination plant
with a capacity of 6.8 million cubic metres per year would be brought on line in the year
2000. The dependence of Alternative A on as yet unproven new water sources introduces 
an element of risk. Further, since this Alternative does not call for fodder relocation, it
fails to satisfy future housing development plans. Included in Alternative A is the
possibility of irrigation of fodder farms located outside the fresh water zone and of an
industrial coconut farm to the east of Razat Farm utilising reclaimed water. These are
included for the purposes of displacing the use of potable water for fodder irrigation and
avoiding potable water use for coconuts. Effluent conveyance and storage costs for 
coconut irrigation are assumed to be chargeable to the irrigation and not to the project. 

While the facility capacities would be as indicated by the dashed lines in the Alternative
A diagram in Figure 3.1, the actual flows provided would equal the total demand. 
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TABLE 3.3 COMPARISON OF WATER SUPPLY CAPITAL COSTS FOR MASTERPLAN ALTERNATIVES 

(Costs in million RO) 

COMPONENTS OF THE ALTERNATIVE MASTERPLAN ALTERNATIVES 

A B C D 
Year Cost Year Cost Year Cost Year Cost 

Existing Wellfield 1995 1.18 1995 1.18 1995 1.18 1995 1.18 

Wadi Darbat 1995 6.74 2005 7.00 1995 5.35 

Jebel Front Blending 1995 2.54 2000 1.19 1995 1.19 

Desalination 2000 13.59 

Shared Infrastructure 1995 28.40 1995 28.40 1995 28.40 1995 28.40 

Relocate Fodder 1995 3.41 1995 3.41 

Water Resource Evaluation 1995 0.11 1995 u.11 1995 0.11 1995 0.11 

Total Wate: Supply Capital Cost 52.56 41.29 33.10 47.40 



3.3.3 Alternative B: Relocation of Fodder Production and
 
New Water Sources
 

Alternative B is based on the reduction of potable water consumption by moving fodder 
production off the fresh water aquifer. This, if made effective in 1995 as shown on 
Figure 3.1, will in effect give an immediate contribution of 11 million cubic metres per 
year that will be sustained throughout the programme. However, as other demands 
(especially urban potable demand) increase, new brackish source water from the eastern 
Jebel front will be introduced and blended witi fresh water. Desalination may be 
required beyond the planning horizon. Included in Alternative B is the irrigation of 
industrial coconuts with reclaimed water. As for Alternative A, conveyance and storage 
costs are not taken as being project costs. 

3.3.4 Alternative C: Relocation of Fod,er Production and
 
Aquifer Recharge with Reclaimed Water
 

Alternative C features the removal of fodder production together with aquifer recharge
with reclaimed water, both having effect from 1995. 

This is the only Alternative which improves the condition of the aquifer. Alternative C 
generates a modest water surplus. This occurs through the use of the storage capacity of 
the aquifer. The surplus can be achieved at very low cost and will provide for: increased 
aquifer flow to stabilise and reverse seawater intrusion; stabilisation and reversal of 
brackish water encroachment; and a safe, source of water for amenity irrigation.
Recharge would be by injection wells, if feasible. Recharge by infiltration beds, if 
feasible, may require up to 60 hectares of Garsiz Farm and may therefore reduce the area 
being considered for housing development. 

The proposed staged construction of the treatment and recharge facilities (in 1995, 2005 
and possibly 2010) will provide the opportunity to monitor the effects and optimise the 
recharge quantity. The recharge quantity is, of course, always limited by the volume of 
wastewater collected. 

3.3.5 Alternative D: Aquifer Recharge with Reclaimed 
Water and New Water Sources 

Alternative D combines the use of new natural water sources with aquifer recharge using
reclaimed water. For the quantity of new source water needed in this case, a combination 
of Wadi Darbat and eastern Jebel front water, which can be blended and conveyed to 
Salalah in a combined main pipeline, is proposed. While the available capacity would be 
as indicated for Alternative D in Figure 3.1, the actual flow would be equal to the 
demand, 

This Alternative assumes retention of the large fodder farms at their present location and 
continued irrigation of this fodder with potable water. This has two disadvantages: (a)
continued use of potable water for agriculture when lower quality water would suffice,
and (b) conflict with current housing development planning. 
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4.0 THE SELECTED MASTERPLAN 

4.1 Basis for Masterplan Selection 

From the global alternatives developed and previously summarised, the Consultant
sought to identify that alternative which represented the best combination of technical,economic, social and environmental factors. More specifically, the Salalah area has afresh groundwater aquifer which is recharged annually during the khareef. Preservation
and enhancement of that invaluable resource was a key goal of the Masterplan. Watersupply over-abstraction is presently occurring. Without proper management measures,the water supply deficit will increase dramatically over the planning period. A keyobjective has therefore been to develop a Masterplan which will eliminate the waterdeficit and if possible move actively in the direction of restoring and preserving the
Salalah fresh water aquifer.
 
Of the four Masterplan Alternatives evaluated, Alternative C achieves these objectives
 
better than any of the others, and at substantially lower cost. 

4.2 The Masterplan 

Alternative C incorporates two essential strategies to meet the water resource needs of the
Salalah Plain over the planning period: firstly, relocation of the large fodder producersfrom over the fresh water aquifer and, secondly, recharge of the fresh water aquifer usingreclaimed water from the wastewater reclamation plant. Full implementation of these
two strategies will reverse the trend of over-abstraction from the fresh water aquifer and,in fact, result in a modest surplus throughout the planning period. This surplus will notonly help to preserve the aquifer, but will assist in counteracting saline intrusion from the sea and brackish water encroachment on either side of the fresh water aquifer, thus
improving the quality and sustainability of the aquifer. 
In a series of discussion meetings with the Liaison Committee, certain modifications were 
made in Alternative C. These included the following: 

o Not relocating the Ministry of Agriculture and Fisheries fodder fields; and 

o Early exploration of new natuial water sources in and around Salalah. 

These modifications were believed by the Liaison Committee '9 be useful improvementsin the basic Masterplan. Retention of the Ministry of Agriculture and Fisheries Livestock
Research Farm in its present location was identified as an interim measure until the longterm water supply situation can be clarified. If, after evaluation of new water sources forthe Salalah Plain has been completed, it is determined that insufficient water is available
from the fresh water aquifer to support MAF fodder production, a decision would then
be taken to relocate that operation off the fresh wat:r zone. 

The impact of the implementation of Aiierrative C, as modified by the Liaison
Committee, is shown in Table 4.1. It is clear that the retention of the MAF fodderoperations over the fresh water aquifer results in a modest deficit situation through themiddle years of the planning period. This emphasises very clearly the need for early
initiation of the water resource evaluation studies incorporated as part of the Masterplan. 
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4.3 Water Supply Components 

From now until the planning horizon (2020), potable water pumpage is expected to rise to 
almost 25 million cubic metres per year. Other demands on the fresh water aquifer, 
principally agricultural, will increase to nearly 32 million cubic metres per year unless 
recommended water management measures are implemented. Relocation of the Dhofar 
Cattle Feed Company's fodder operation at Garsiz Farm will reduce annual demand by 
about 7.6 million cubic metres, while recharge of the fresh water aquifer with reclaimed 
water will, at full development, add some 14 million cubic metres annually to the aquifer. 
If it should be shown in future evaluations that the aquifer cannot be maintained in 
surplus, immediate steps should be taken to relocate the MAF fodder fields and/or to 
develop new water sources to augment the existing supply. 

Early investigation of potential new water sources is necessary because, as can be seen 
from Table 4.1, annual potable water requirements exceed annual recharge in the 2005
2015 period. While it is theoretically possible to abstract virtually all of the recharge at 
the potable supply wellfields, it is not necessarily practically feasible and if attempted 
may damage the aquifer. It is probably best to abstract no more than 75 percent of the 
annual recharge for potable supply, allowing the balance to continue to move down the 
aquifer toward the sea. Thus, new water sources should be introduced sometime between 
2005 and 2010, the precise timing to be determined by conditions as they develop over 
time. 

TABLE 4.1 Impact of Masterplan Implementation on Fresh Water Aquifer 

BASE CASE 
1990 1995 

(Million 
2000 

Cubic Met
2005 2010 

res Per Year) 
2015 2020 

Annual Recharge 32.40 32.40 32.40 32.40 32.40 32.40 32.40 

Abstractions 
Gross Potable 
Potable Return 
Fodder 
Other Agriculture 
Outflow (estimated) 

8.70 
-1.80 
12.00 
19.70 

1.50 

10.60 
-2.10 
12.00 
19.70 

1.50 

13.90 
-2.80 
12.00 
19.70 

1.50 

17.90 
-3.60 
12.00 
19.70 
1.50 

21.10 
-4.20 
12.00 
19.70 

1.50 

23.00 
-4.60 
12.00 
19.70 

1.50 

24.90 
-5.00 
12.00 
19.70 

1.50 

Total Abstractions 40.10 41.70 44.30 47.50 50.10 51.60 53.10 

Aquifer Surplus/ 
Deficit (-) 

-7.70 -9.30 -11.90 -15.10 -17.70 -19.20 -20.70 

Relocate GarsizFarm 7.55 7.55 7.55 7.55 7.55 7.55 

Recharge 90% of 
Reclaimed Water 

2.65 5.30 6.71 8.39 10.51 14.00 

SURPLUS/DEFICIT, 
MASTERPLAN 
IMPLEMENTED 

0.9 0.95 -0.84 -1.76 -1.14 0.85 

Potable water requirements will continue to be provided from the existing Salalah and 
Saada wellfields. Together, these wellfields currently produce about 8.7 million cubic 
metres per year from 11 of the 13 existing wells. The wells are pumped for an average of 
8 hours per day. This rate could be increased to about 16 hours per day without damage 
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to either the pumping equipment or the aquifer. Even at this increased pumping rate, 6 new wells will be required to be installed during the Masterplan period, 4 in the Salalahwellfield and 2 in the Saada wellfield. The exact timing of the construction of these
additional wells will be determined closer to the time the additional capacity is required,but it is currently estimated that 3 wells would be required by 2005 and an additional 3
would be needed by 2010. 

In addition to expanding the capacity of the wellfields, it will also be necessary toincrease the capacity of the potable water conveyance and distribution system to
accommodate the increased flows anticipated. As population expands in already-settledareas of Salalah, increased water distribution capacity will be required. To provide water
supply in newly-settled areas around Salalah, new conveyai-ce and distribution facilities
will also be required. Through -he Masterplan period, a total of 8 wells, 75 kilometres oftrunk mains ranging from 300 to 900 mm in diameter, 16 kilometres of secondary
distribution mains, five 4,500 cubic metres storage tanks and one 130 L/sec boosterstation will be installed. About 21,000 service connections will be made. The system isdefined in Map 3 (in the Map Volume). The Stage 1 facilities are identified in Chapter
5.0. 

4.4 Wastewater Components 

Figure 4.1 illustrates the concepts of the proposed collection and conveyance system
configuration to be used for the Wadi Daha wastewater reclamation plant site. 
The collection and conveyance facilities for treatment at the Wadi Daha site are defined 
in Map 5 (in the Map Volume), Sheets 1-6. 
The collection and conveyance facilities to be constructed through the Masterplan periodwill include 26,000 service connections and 395 kilometres of lateral sewers. In addition,
for treatment at the Wadi Daha site, the programme includes 20 kilometres of trunk 
sewers, 31.5 kilometres of force mains and 14 pump stations. 

Two systems are proposed. These comprise the Central Wastewater System, served by awastewater reclamation plant at Wadi Daha, and the Wadi Qaftawt Wastewater System,
served by the treatment works at Wadi Qaftawt after upgrading and expansion. The
Central System will collect domestic and commercial wastewater, while the Wadi
Qaftawt System will collect trucked and trade wastes. 

The wastewater reclamation plant will be constructed in three stages with capacities and 
startup dates as follows: 

MLd Year 

20 1995 
10 2005 
10 2010 

The effluent will conform in quality to both the effluent discharge and drinking waterquality standards. It will be reused for irrigation, primarily within the traditional
agricultural areas, after being recharged into the groundwater aquifer.
 

The Wadi Qaftawt facility will be evaluated after it begins operation and will be upgraded

as necessary by 1995. 
 By the year 2000, its capacity will be expanded as necessary to
receive industrial area wastewaters, potentially to almost 5 MLd. 
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4.5 Staged Masterplan Programme 

The components of the Water and Wastewater Masterplan for Salalah will be constructed 
and put into service over the 20-year life of the Masterplan. Given the urgent need to 
provide wastewater facilities, about half of these facilities, including collection, 
conveyance, treatment and reuse/disposal facilities will be scheduled for design, 
construction and operation during the Fourth Five-Year Plan (1991-1995). Overall 
staging of the Masterplan components will be as follows: 

Plan Period Start Operation Facilities Label 

1991-1995 1995 Priority Works (collection, Stage 1, 
conveyance and waste-
water reclamation) 

First phase 

1991-1995 1994-95 Reuse/recharge facilities; Stage 1, 
fodder relocation; Second 
water wells, conveyance phase 
and distribution; Wadi 
Qaftawt upgrade 

1996-2000 1999-2000 Industrial area sewers and Stage 1, 
treatment; expansion at Third phase 
Wadi Qaftawt; water 
conveyance and distri
bution; additional sewers 

2001-2005 2004-05 Reclamation plant Stage 2 
expansion; additional sewers; 
water conveyance and 
distribution 

2006-2010 2009-10 Reclamation plant Stage 3 
expansion; additional 
sewers; water supply 
expansion 

The provision of both water supply and wastewater service connections will continue 
throughout the programme. 

4.6 Masterplan Cost Estimates 

In preparing the Masterplan Alternatives, costs for various components of each 
Alternative were developed to allow for cost comparison of those components which 
distinguished one alternative from another. Summarised in Table 4.2 are all of the capital 
costs associated with the Masterplan. 
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Figure 4.1 Configuration of Wastewater System, Wadi Daha Plant Site 



TABLE 4.2 Estimated Masterplan Capital Costs (million Rials) 
COMPONE (F j STAGE 1 STAGE 2[STAGE 31 TOTAL 

Phase I Phase 21 Phase 3 
Year Completed:J 1995 1995 2000 2005 2010 

WATER SUPPLY SYSTEM 
Fodder Relocation 2.23 1.17 3.41 

Wellfield Facilities 1.18 1.18 
Water Distribution System 10.58 8.39 7.93 1.50 28.40 

Water Resource Evaluation 0.11 0.11 

Subtotal, Water Supply 0.11 13.99 9.57 7.93 1.50 33.10 

WASTEWATER SYSTEM - WATER RECLAMATION PLANT AT WADI DAHA SITE 

Collection 9.42 3.84 3.03 5.54 21.83 

Conveyance 6.98 1.78 0.87 9.63 

Treatment 11.04 1.06 6.81 6.81 25.73 

Recharge 5.17 0.08 0.08 5.33 

Disposal 0.62 0.08 0.08 0.78 

Investigations 0.72 0.72 

Subtotal, Wastewater System 28.78 5.17 6.68 10.88 12.52 64.03 

MASTERPLAN - WADI DAHA SITE 
Total Capital Cost 28.89 19.16 16.25 18.81 14.02 97.13 

Basis of Capital Costs: 1991 prices; escalation not included 
5% physical contingencies included in base cost 
12% of base cost for engineering and 

, r\ services during construction 

*4-6
 

4-6 

'3 



5.0 FIRST STAGE COMPONENTS 

5.1 Priority Wastewater Works 

5.1.1 Wastewater Collection and Conveyance 

The concept of the wastewater system is collection of wastewater in gravity sewers laidwithin the served areas, carrying it in main sewers in a generally southerly direction toeither pump stations or trunk sewers for conveyance westwards to Wadi Daha fortreatment. The Priority Works collection and conveyance facilities comprise the portion ofthe system that is included in the first phase (1991-1995) of Stage I of the Masterplan. ThePriority Works areas to be served comprise all but one of the 22 districts for which detaileddevelopment plans for housing have been prepared, and are shown on Figure 5. 1. 

The conveyance and treatment components of the Wadi Daha system are shown in Figure5.2. These areas are already substantially developed in planned manner with thea
exception of: central and southern Saada, which is only partially developed; the new TownCentre, which is still largely open; other developed areas subject to some infilling; anddensely developed but unplanned older urban areas forming parts of Al Hasn, Al Hafah 
and West Salalah. 

For all of the inland residential districts, the surface slopes are toward the coast, and aresufficient to allow for a conventional gravity collection system. The collectors feed to trunk sewers routed near the northern edge of the agricultural strip. For coastal districts (AwqadSouth, Al Hafah, Al Hasn, Baleed and Dhariz South), small lift stations and pump stations are required to carry flows along the flat low-lying narrow strips of development parallel tothe coast, and to pump the flows collected to the trunk sewers or other facilities located
further inland. 

The Priority Works collection system is shown in outline on Map 5 (Map Volume). 

The sewer and force main lengths and numbers of service connections and pump stationsare summarised by stages and phases (including the Priority Works) in Table 5.1 and
shown in more detail in Appendix D, Table D.9. 

TABLE 5.1 Collection and Conveyance Facilities 

ITEM Stage I Stage 2 Stage 3 Total 

Phase I* Phase 2 Phase 3 
Year Completed: 1995 1995 2000 2005 2010 
Service Corms (no.)
Lateral Sewers (m) 
Trunk Sewers (m) 
Force Mains (m) 
Pump Stations (no.) 

10,310** 
170,510 
20,190 
6,000 

8 

3,455 
95,540 

18,000 
5 

6,295 
128,750 

7,500 
3 

5,880 25,940 
394,800 

20,190 
31,500 

16 

* Priority Works 
** Completed in 1995/6 

With the exception of areas and structures that may be designated for redevelopment (seeSection 8.3), all premises within the urban areas of Salalah will be connected to thewastewater system. The sewerage system will provide for the connection of all premises 
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except isolated dwellings. Connection will be compulsory and will involve bypassing and 

infilling existing septic tanks. 

5.1.2 Management of Industrial Wastes 

Industries in Salalah are mainly concentrated in the New Industrial Area (see Figure 5.2). 
A Raysut Industrial Estate is planned. Existing industries in general are not large water 
users or wastewater producers. Exceptions are soft drink bottling, restaurants and motor 
vehicle service stations. There are however, industries that use oils, solvents and toxic 
substances. 

'The basic principles of industrial waste management on which the Masterplan (including 
the Priority Works) are based include: 

" 	 Transferring all industries using oils, solvents and toxic substances to the upper 
part of the New Industrial Area or to the Raysut Industrial Estate; 

o 	 Provision and regular cleaning of grease traps for all restaurants and similar 
establishments; 

" 	 Separation of used oil from wastewater at service stations and development of 
separate means of disposal (such as incineration) of used oil; 

" 	 Convieyance of both trucked wastewater and wastewater from the Raysut Industrial 
Estate and at least the northern part of the New Industrial Area to the Wadi Qaftawt 
plant for treatment; 

o 	 Collection of other wastewater from the urban area into the Central Wastewater 
System for reclamation and reuse; and 

" 	 Monitoring and control to evaluate, as far as possible, hazardous and toxic 
substances from both sewerage systems. 

5.1.3 	 Wastewater Reclamation Plant 

5.1.3.1 Treatment Process Train 

The need to protect groundwater quality and the public health demands an effluent quality 
that conforms with the Oman Regulations for Wastewater Reuse and Discharge for aquifer 
recharge. 

The treatment train includes the following processes: 

Flow metering 
Bar racks (screens) 
Grit removal chambers 
Primary settling tanks 
Aeration tanks with anoxic and nitrification zones 
Secondary settling tanks 
Coagulation 
Filtration 
Chlorination 
Sludge treatment and dewatering 
Standby temporary storage 

Process criteria and details, and outline drawings indicating the sequence of units, flow 
lines through the treatment plant from inlet to effluent discharge including sludge treatment, 
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2020 

and key individual units, are presented in Appendix I. 

By the year 2000, part of the wastewater from the New Industrial Area and that from the
the Raysut Industrial Area will be pumped to the Wadi Qaftawt Treatment Plant. The
resulting flows to be treated at the Central System wastewater reclamation plant, if all the
industrial area flows are transferred to Wadi Qaftawt, would be as given in Table 5.2. 

TABLE 5.2 Flow Apportionment between Reclamation Plant and
 
Wadi Qaftawt Sites
 

Wastewater Treatment Plant 1990 2000 2005 2010 

(Flows in million litres per day)
 

Wadi Qaftawt (ML/d) 2.7 3.2 4.3 4.7
Daha (ML/d) 12.0 15.9 19.7 30.4 37.9
 
Totals (ML/d) 12.0 18.6 22.8 34.7 42.6
 

In that the flows to the Wadi Qaftawt plant may be less than indicated in Table 5.2, the
flows in the Central System may exceed the values shown in Table 5.2. With this in mind, 
an inspection of the flows to the reclamation plant indicate that a very convenient staging of
construction can be achieved. The expected 2005 flow is about 50 percent of the ultimate
flow and the 2010 flow is about 75 percent of the ultimate flow, which can be taken as 40 
ML/d for capacity planning purposes. 

The series' of events necessary to bring the reclamation plant through design and
construction to commissioning will take until about mid 1995. To give the plant an
economical and practical design capacity of about ten years before expansion is necessary,
it must be capable of providing for a year 2005 flow of about 20 ML/d. This is about 50 
percent of the ultimate design flow. 

5.1.3.2 Design Objectives and Bases 

Table 5.3 summarises the performance objectives for the various treatment plant units and 
processes in reducing the biological oxygen demand (BOD), suspended solids (SS),
nitrogen and total coliforms in the wastewater. The design bases are summarised in Table 
5.4. Details of process units are given in Appendix I. 
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TABLE 5.3 Purposes and Effects of Processes for the 
Wastewater Reclamation Plant 

Impact on these parameters 
Process Purpose(s) BOD Suspended Nitrogen Total 

Solids Coliform 

Flow Plant control -
metering 

Screening Removal of -
rags, sticks 
etc. 

Grit removal Removal of -
sand etc. 

Primary Removal of Removal of Removal of Little effect Little effect 
Settling settleable 35% 65% 

organics 

Activated Removal of Reduce to Reduce to Removal to Reduce to 
sludge with soluble 15-30 mg/L 15-30 mgfL meet effluent between 105 
denitrifi-
cation 

organics and 
nitrogen 

standards * to 106/100 
ML 

Effluent Removal of Reduce to Reduce to Reduce to 
filtrathn suspended 

material 
< 10 mg/L < 10 mg/L between 104 

to 106/100 
mL 

Chlofination Kill Reduce to 
pathogens < 2.2/100 

mL 

* Nitrate reduction to meet drinking water standards 

The most economical version of the activated sludge process that will achieve the results 
indicated in Table 5.3 includes an aeration zone with a 16-hour aeration period to provide 
for both carbonaceous oxidation and nitrification. Mixed liquor from the aeration zone is 
recycled to an anoxic zone that precedes the aeration zone and provides a 7.6-hour 
detention period for denitrification. This biological unit is preceded by screening, grit 
removal and primary sedimentation. It is followed by secondary sedimentation, 
coagulation, filtration and chlorination. This process has been amply demonstrated in 
practice and is one of several versions of recently developed biological nitrification
denitrification procedures in which the incoming wastewater provides the nee," d carbon 
source for denitrification. 
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TABLE 5.4 Wastewater Reclamation Plant Design Basis 

Wastewater Flows 

Priority Works Ultimate 
Flows (ML/d) (Stage 1) Year 2020 
Average 20 38
Maximum day 34 64
Peak 
 54 95
 

Influent Concentration (mg/L)

Biological oxygen demand 
 372 ?§6
Total suspended solids 441 420
Ammonia nitrogen 73 71 

Required Effluent Criteria
 
Biological oxygen demand (mg/L) 
 10 10
Total suspended solids (mg/L) 10 10
Total N (mg/L) 30 30
Kjeldahl N (mg/L) 5 5
Ammonia N (mg/L) I I
Nitrate N (mg/L) 10* 10*
Phosphorus (mg/L) 20 20
Dissolved oxygen (mg/L) 2 2Total coliforms (MPN/100 mL) 2.2 2.2 

* Equivalent to 45 mg/L as Nitrate 

This process also removes some phosphorus and has a substantially lower operating cost
than the alternative denitrification method, which is methanol addition and filtrationfollowing nitrification. Had it been considered necessary, zone anda second anoxic
reaeration zone following the nitrification zone could have been provided to lower nitrate in
the effluent even below the drinking water standard, on the basis that the small amount ofnon-nitrate nitrogen remaining in the effluent is likely to gradually oxidise to nitrate in theaquifer. This is not proposed because of the dilution that will occur in the aquifer.
However, provision is proposed for the addition of methanol if needed before the filters,which will be designed with adequate depth to achieve further denitrification if monitoring
ot the aquifer quality shows it to be necessary. 

5.1.3.3 Sludge Management 

Sludge will be dewatered and if necessary stabilised before being stacked or buried at thelandfill site. Stacked sludge would then be made available for agricultural use. The actual 
process to be adopted will be determined at the outline design stage. The factors to be 
considered in making the decision include: 

There is no land available to which liquid sludge could be carted from a treatment
plant on the Salalah Plain and be applied economically and beneficially; 

o 	 Given the existence of a solid waste dump on a secure site near the Wadi Qaftawt
treatment plant, dewatering and stabilisation for stacking at that site would in time
make available a product that would be safe and that might be sufficiently attractive 
to farmers and gardeners that they would use it; 
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o 	 For dewatering for a plant at Wadi Daha, trucking to Wadi Qaftawt for dewatering 
there is more economical; 

o 	 Anaerobic digestion is to be avoided because of the high cost of providing in the 
biological nilrification-denitrification treatment system for the high ammonia loading 
that the retumed supematant would place on it; 

o 	 Sludge drying beds will not iunction during the khareef period (July through 
September), when there is no evaporation, which requires that they be large enough 
to store sludge for those months; and 

o 	 Sludge dewatering in a treatment plant located at Wadi Daha could not be on drying 
beds, for environmental and land use reasons. 

One measure given serious consideration was the use of cement kiln dust to stabilise the 
sludge. However, the lime content of the dust has been found to be low and the supply 
would run out within a few years. Among the processes to be considered at the outline 
design stage are landfilling and windrow composting of dried sludge. 

When this happens, or if it becomes clear earlier that there is no agricultural demand for the 
sludge, the dewatered sludge should be landfilled. 

The plant design criteria are presented in Appendix I. 

5.1.4 	 Effluent Disposal 

The proposed effluent disposal system is intended primarily as a back-up to the aquifer
recharge system in case there may be periods when reclaimed water cannot be accepted for 
recharge, for example because of wet soil conditions or some emergency. This provision 
is in addition to the proposed provision of standby storage at the wastewater reclamation 
plant site (see Appendix I). This storage, of capacity equal to 24 hours' flow, would be 
used in the event of any difficulty or breakdown at the plant for the temporary storage of 
raw or partially treated wastewater, which would then be pumped back through the plant. 
The effluent disposal system is intended to receive fully reclaimed wastewater only. 

The disposal possibilities in order of increasing cost are: 

1. Injection into brackish aquifers, 
2. Infiltration through soil and sediment between wadis, and 
3. Marine disposal. 

The preferred method is injection into an aquifer that is not usable for potable purposes. It 
is proposed to identify the aquifer nearest to the ground surface that has the capability to 
accept high quality effluent at a sufficient rate. If a near-surface aquifer has this capability, 
then discharge of treated effluent to it would have the potential to provide a quantity of 
fresh water that could in the future be abstracted for agricultural or horticultural irrigation. 
There is insufficient information available to be certain that injection disposal is in fact 
feasible. If it is, this would be the least expensive and most easily operated disposal 
system. 

Detailed investigations are required to confirm the feasibility of injection disposal of 
effluent. Studies should be conducted in the general vicinity of the Wadi Daha plant site. 
The proposed test location is shown on Figure 5.3. These studies should be completed 
within six months of the start of the Priority Works design and construction management 
consultancy. An outline scope of work for investigation of effluent disposal by well 
injection is presented in Appendix N. 
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It should be noted that the drilling investigation of the brackish water zones which is 
currently being undertaken by the Ministry of Water Resources may provide useful data for 
the injection proposal. This drilling has located some high yielding aquifer zones which 
may be suitable for injection disposal of reclaimed effluent. 

Disposal of effluent by infiltration through surface soils has the potential to be a satisfactory 
disposal method on the western side of the city for effluent from a wastewater reclamation 
plant located at Wadi Daha. Infiltration disposal needs to be assessed on the basis of both 
soil and aquifer characteristics, since the water will pass through both media. 

Close to the shoreline at Wadi Daha, the soils are predominantly highly permeable aeolian 
sands and give an apparent indication of suitability for percolation disposal of effluent. 
However, excavation of test pits on the coastal plain at Wadi Daha has indicated that the 
soil cover is thin - generally less than 2 metres. Massive limestone of low permeability 
underlies the soil and would cause perching of percolating water and horizontal flow to the 
beach near the site. 

Thin soil cover persists across the coastal plain to the north of the site. This zone appears 
to be an old beach and dune zone. The Raysut Cement Company factory, located close to 
the northern edge of the plain, takes hard limestone from a quarry pit 18 metres deep. The 
rock exposed in this pit is of relatively low permeability. 

The best site for infiltration of reclaimed water is in the fan conglomerates and gravel 
deposits that form a terrace beginning 15 metres above the coastal plain and rising to 80 
metres in the Jerbeeb area. These colluvial deposits are permeable and may prove to be 
suitable for infiltration of reclaimed water. The hydrogeological anc soil conditions in this 
zone need to be assessed to determine feasibility of infiltration in this material. Key 
parameters which need to be assessed are: 

o 	 The infiltration capacity of the conglomerates; 

o 	 The vertical continuity of the permeable zone and the extent of the layers that may 
cause perching; 

o 	 The storage capacity of the permeable unsaturated zone; 

" 	 The degree of hydraulic connection between the conglomerates and the deeper 
aquifers in the limestone which persist beneath the coastal plain; and 

o 	 The probable flow paths associated with infiltration. 

A programme of proposed studies to evaluate these parameters is presented in Appendix N. 
The proposed test location is shown on Figure 5.3. 

Preliminary outline drawings of possible injection and infiltration recharge facilities are 
presented in Appendix I. The concepts of any infiltration disposal facilities would be 
similar to those presented in Appendix I for aquifer recharge. 

The lack of confirmed feasibility of injection or infiltration disposal on land makes it 
necessary to continue to consider marine disposal as the back-up to aquifer recharge. 
Marine disposal suffers from the disadvantage that 13 months of relatively expensive 
studies would be needed to establish environmental acceptability to the Ministry of 
Environment. However, it does have the very important advanage that. for high quality 
effluent as proposed, satisfactory marine disposal is certainly possible, the outstanding 
issues being the outfall location, design criteria and consequent costs. As compared with 
the cost of a marine outfall to dispose satisfactorily of partially treated or secondary 
effluent, ocean disposal of excess reclaimed water would be relatively inexpensive. 
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The field investigations needed to establish the feasibility of land disposal will take up to 
four months for injection disposal and up to six months for infiltration disposal. Given that
injection disposal is the preferred solution and also requires the shorter study duration, it is 
therefore proposed that any oceanographic studies be initiated only if and when the
injection studies demonstrate that injection disposal is not feasible, and then only if at that 
time the feasibility of infiltration disposal is still doubtful. The intent is to minimise the cost 
of the studies while not impacting the proposed Priority Works startup date of mid-1995. 

A logic char showing in simplified form the relationships between these feasibility testing
arrangemet.s and the decision points, including environmental reviews, is presented as 
Figure 5.4. Figure 5.4 is based on the following assumptions: 

" 	 Subject to confirmation of feasibility, the order of preference of the disposal options
is: (1) well injection, (2) infiltration, and (3) ocean disposal; 

o 	 Costs of construction and operation, from lowest to highest cost, will be in the 
same order as above (which is true with engineering criteria based on the 
Consultant's current understanding of conditions); and 

" 	 Subject to adoption of suitable design concepts and criteria, the Ministry of 
Environment will approve one or another of the proposed disposal methods. 

The above-discussed feasibility confirmation studies would be conducted in parallel with 
corresponding studies on recharge options, as discussed in Section 5.4.1. 

Outline scopes of work for the disposal and recharge studies are presented in Appendix N. 
Provision for the costs of such studies is included in the capital cost estimates in Chapters 4 
and 5 and in Appendix D. 

5.1.5 	 Special Design Provisions 

Design precautions will be taken to minimise odour production. The portions of the plant
where such precautions are most needed are the inlet headworks, the primary settling tanks 
and the sludge treatment areas. The principal measures proposed include minimising any
turbulent flow that would release entrained gas, covering critical units, and treating
extracted air from covered units and certain buildings by passage through soil filters. 

Provisions will be made to minimise the attractiveness of water surfaces in the plant to 
birds, which could otherwise create a danger ior low-flying aircraft. 

All items of plant and equipment will be fully protected against deterioration due to the
harsh coastal environment. Measures will be taken to inhibit both corrosion and fungus
growth. Equipment will be capable of operating over the range of ambient temperatures
and humidities experienced at the site. 

Special attention will be given to a landscaping scheme within the area of the site to provide
both barriers and an aesthetically pleasing environment by providing grassed areas, shrubs 
and trees. 

5.2 Water Resource Investigations 

The deficit in the groundwater budget provides the basis for accelerated investigations of
the water resources of the Salalah Plain. Although it is anticipated that additional water 
resources beyond the existing wellfields will not be required before Stage 2 of the 
Masterplan programme between 2000 and 2005, there are investigations concerning the 
water resources that should be initiated now. These investigations are concerned with the 
quality of the water in the aquifer now being used and the location of additional natural 
sources of water supply. 
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5.2.1 Environmental Monitoring of Groundwater 

The aquifer of the Salalah Plain is largely unconfined and is therefore prone to interaction
and pollution from surface sources. The implementation of the Masterplan will necessitate
the establishment of a groundwater quality monitoring programme. There are a number of
groundwater and other environmental monitoring actions and facilities required to support
the management of the Priority Works wastewater system. Regular monitoring of
groundwater levels and quality is to be initiated in areas where baseline data are required.
Monitoring of environmental pollutants (pesticides/ herbicides, detergents and residues,
nitrates/nitrites, volatile and semi-volatile organics) in existing wells on the plain is 
necessary to establish a baseline for future reference. This work has already been initiated 
as part of the existing study but has not yet been completed. 

5.2.2 Investigation of New Water Sources 

Water resource investigations should proceed in conjunction with the investigations aimed 
at locating additional wells in the existing wellfields. Although the Salalah and Saada
wellfields have been able to match demand to date, the aquifer system is now showing
signs of stress in the form of declining water levels and some saline intrusion on the flanks
of the fresh water zone. This deficit in the fresh water budget, which is calculated to be
around 8 million cubic metres per year, will cause a substantial reduction in the fresh water 
reserves over the next 20 years unless measures are taken now to reduce demand. In the
central plain where the wellfields are located there appears to be capacity to increase flows
without causing significant saline impact in the potable supply. The reason for this is that
the abstraction areas are located in the upper reaches of the flow system where wells are
able to intercept a large proportion of the recharge flow from the Jebel before it reaches the 
zones of major agricultural abstraction at Garsiz and in the coastal belt. 

Although the reduction in agricultural demand in these areas, coupled with the injection
recharge of reclaimed water into the aquifer, will reduce the fresh water deficit, it is 
apparent that the supply of fresh water to meet competing demands at Salalah will continue 
to be critical throughout the planning period. For this reason the investigation of new water 
sources should proceed as a matter of high priority. 

Options for water supply development are described in Appendix E. There are basically
two areas where exploration may yield prospective sources - the .lebel Front areas and the
Wadi Darbat catchment. Drilling by the Ministry of Water Resources has identified
reasonably high yields in the Jebel Front areas. Salinities have generally been too high for
direct potable supply, but there may be potential for blending with low salinity water from 
the central aquifer zone. 

The Jebel Front areas include the land between the 80 inetre and 200 metre contours
extending from 20 kilometres west of Salalah to Wadi Darbat. The Wadi Darbat catchment 
covers a large area and captures a significant volume of water during the monsoon. The
catchment is traversed by large lineaments which may be directing water into the limestone
and beneath the Salalah Plain. These features should be studied and an assessment made of
the water resouce potential of the catchment. These investigations would be directed to
locating these features on the plain downstream of the main catchment. A detailed scope of
work for the investigation of new water sources is given in Appendix N. 

5.3 Water Supply Facilities 

Improvements to water supply facilities have been identified in accordance with the
Masterplan, under which the existing potable supply system is to be expanded without
development of aew sources (such as desalination, the Jebel front, or Wadi Darbat).
Improvements have been identified using a computerised hydraulic network analysis model
of the distribution system at three points in time: 1990, 2000, and 2010. Results from the 
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distribution model indicate that the existing system was adequate for the flows encountered 
in 1990, but is running at essentially full hydraulic capacity under peak hour conditions. 
Thus, distribution improvements are needed by 1995 or sooner as part of the First Stage, 
Phase 2 construction programme. 

Expansion and improvement of potable water supply facilities will include the following: 

o 	 Installation of additional wells in the Salalah and Saada wellfields. A wellfield 
development programme is intended to assure proven wells that can provide 46.3 
MLd from the Salalah wellfield, and 11.4 MLd from the Saada welifield, to serve 
the projected needs in year 2010. Although installation of certain pumps and other 
minor-cost items can be deferred, the wellfield development cost has been assigned 
in total to Phase 2 (1991-1995) to ensure that adequate capacity is available when 
required. 

The Saada distribution reservoir is at elevation 80 m, and can be used to serve the 
eastern portions of the city where ground elevations are too high to be served by the 
Salalah reservoir at elevation 60 m. In the absence of results from the proposed 
groundwater exploration programme, it has been assumed that the Saada wellfield 
in year 2010 can be expanded to serve all water demands for the districts of North 
Saada and North Sahalnawt. 

o 	 First Stage Phase 2 dit.tribution improvements (required to meet projected demands 
in the year 2000, and to be built by 1995). These are shown on Map 3 and include: 

- New 600 mm and 300 mm diameter water mains, 6 km in length, from Saada 
distribution reservoir to Saada North. Subsequently in Phase 3 the 600 mm 
water main, 4.5 km long, will be used to distribute flows to Sahalnawt North. 
An additional 4,500 cubic metre storage reservoir must also be provided at the 
Saada wellfield. 

- A new 900 mm main, 9 km in length, from the Salalah distribution reservoir to 
the vicinity of Qaboos Hospital in western Salalah. This is required to improve 
service in the western portion of the city, extending to the Raysut booster pump 
station. An additional distribution reservoir of 13,500 cubic metres capacity 
must also be provided at the Salalah wellfield. 

- New mains (9.4 km of 450 mm and 1.7 km of 300 mm) to serve areas at high 
elevation in North Awqad, the New Industrial Area, and Wadi Daha. A new 
distribution reservoir (water level range 75 m to 80 m, and volume of 4,500 M 3) 

and booster pump station (capacity of 130 L/s and design head of about 60 m) 
will also be needed to serve these areas. 

- New 300 mm mains totalling 3.5 km to reinforce the distribution grid in two 
areas: the Al Husn palace in Al Shatti, to be fed by a water main from Al 
Awqad; and the coastal areas of Al Hafah, Al Hasn and Al Baleed, to be fed 
from larger water mains in Al Haseelah. 

These immediate distribution improvements will work in concert with distribution 
improvements envisioned for Phase 3, to be completed by year 2000 and catering for the 
projected demands in year 2010. First Stage, Phase 3 improvements include: 

o 	 New water mains between Awqad and Raysut - 2 km of 600 mm, 2.2 km of 450 
mm, and 8.9 km of 300 mm pipe. 

o 	 New water mains from the Salalah distribution reservoir to serve the eastern lower
lying portions of the city - 11.1 km of 600 mm, 0.5 km of 450 mm, and 4 km of 
300 mm pipe. 
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o Extension of the mains from the Saada reservoir (installed in Stage i) to serve 

North Sahalnawt - 2.3 km of 600 mm, and 5 km of 300 mm pipe. 

o A new 300 mm main, 4.6 km long, to serve the eastern coastal areas from Dhariz. 

In addition to these major water mains, the secondary distribution system (generally of 100 mm diameter pipe) must be extended ,ts new areas of housing are developed, and metered
house connections must provided for 	new housingbe both areas and 	 for infill 
development. 

The Directorate General of Water Supply and Transport also intends to build a newreservoir in Raysut at elevation 80 m, and a long transmission main and booster pump
station(s) to carry flows to Mughsayl, about 30 km west from the Raysut booster pump
station. A small housing development of about 20 units is currently under construction inMughsayl, but the future extent of housing and design flows for the area have not yet been
defined. In addition, the Ministry of Housing is currently working on plans for a housing
development in Raysut, but the geographic limits and design flows for this extension to the
secondary distribution system have not been defined. la the absence of well-defined plansfor Raysut and Mughsayl, no specific distribution improvements can be developed. An
allowance of RO 3 million (at 1991 prices, including engineering and administration costs)
has been made for these items, to be incurred in Stage 2. 

For the assumed staging of development described above, the First Stage water supply
improvements are summarised in Table 5.5. 

TABLE 5.5 First Stage Water Supply Facilities 

Facility Description 

First Stage. Phase 2 (built in 1991-1995) 

New wells, Salalah wellfield 	 Increase in average daily supply from 
19.2 MLd in 1990 to 46.3 MLd in 
2010 

New wells, Saada wellfield 	 Increase in average daily supply from 
3.6 MLd in 1990 to 11.4 MLd in 
2010 

Distribution water mains Diameter 	 Length 
900 mm 9,000 m 
600 mm 4,500 m 
450 mm 9,403 m 
300 mm 6,720 m 

Total length: 34,020 m 

Distribution storage reservoirs Capacity
Salalah wellfield 13,500 cu. m 
Saada wellfield 4,500 cu. m 
North Awqad service area 	 4,500 cu. m 

North Awqad booster pump station 	 130 L/s capacity, including standby 
pump 
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First Stage, Phase 3 (built in 1996-2000) 

Distribution water mains 	 Diameter Length 
600 mm 15,500 m 
450 mm 2,700 m 
300 mm 22,500 m 

Total length: 40,700 m 

5.4 Other Wastewater Facilities 

5.4.1 Aquifer Recharge Facilities 

The primary proposed method of aquifer recharge is by well injection. The first stage 
design flow, allowing for losses of 10 percent in the collection, coilveyance and treatment 
systems, is 18 MLd. A line of injection wells is proposed along the southern edge of what 
is now Garsiz Farm in the fresh water aquifer zone, and along the northern edge of the 
agricultural strip to the west of the fresh water aquifer zone (see Figure 5.3). The 
advantages of well injection over infiltration are: 

" The recharge water is directed into the aquifer without migration through 

overburden material that may inhibit vertical flow and cause perching; 

o 	 There is minimal interference vith other land use; 

o 	 The cost is lower; 

o 	 Maintenance is simpler, 

" 	 Because recharge by wells is not limited to a specific area by the need for 
acquisition of land: 

- The application rate can be varied across the width of the aquifer as well as with 
time, in accordance with monitoring results, and 

- Reclaimed water can be provided to farmers in the western parts of Salalah by 
recharging the brackish water aquifer they are currently using for irrigation and 
so gradually improving the condition of that aquifer; and 

o 	 There is no potential for algal blooms, mosquito breeding or water loss through 
evaporation. 

It is apparent that the coastal agricultural zone relies to a significant extent on an aquifer 
recharge component from septic tank leakage. The groundwater modelling (Appendix C) 
has shown that in the western part of the city, for example Awqad, where brackish 
groundwater borders the northern and western flanks of the fresh water zone, salinities are 
maintained at a low level by wastewater recharge. The modelling showed that once that 
component of leakage is removed by the installation of sewerage, salinities in the area will 
rise. It is therefore proposed that recharge of the aquifer with reclaimed water occur in this 
zone as well as over the fresh water aquifer. The best method of achieving this is by siting 
injection wells in the shallow aquifer along a west - east line between the main urban area 
and the traditional agricultural strip. The wells would be about 30 metres deep and would 
be drilled to the base of the shallow aquifer. 

The wells would be connected to a common force main and the water would be diverted 
into each injection well as the need for additional fresh water in the aquifer at that location 
arose. A control vaive and flow meter would be provided on the take-off main to each well. 
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T' force main would pass through Garsiz Farm, where six injection wells with acombined capability of receiving all the projected flow would be located. This system
would then have the capability of providing recharge at stress points in the aquifer during
high extraction periods and also of injection into the highly transmissive central fresh water 
zone, especially during the monsoon period when demand is low, for storage and 
subsequent use down-gradient. 

In the case of the Garsiz Farm site, injection wells would be drilled into the aquifer to a
depth of approximately 65 metres. The log of well AD982469AA, which was cored by
PAWR west of Garsiz Farm shows 23 metres of poorly sorted Quatemary conglomerates
overlying a highly permeable sequence of vuggy breccia, limestone and conglomerate ofthe Baleed Member, which occurs to a depth of 65 metres. It is this aquifer which would be
the target for recharge water. 

The operation of the aquifer recharge scheme is dependent on three principal factors which 
should be the subject of further investigations: 

1. The amount of available aquifer storage and the ability of the aquifer to receive and 
transmit the required flows. 

The aquifer characterislics of the Salalah Plain aquifer indicate a high aquifer storage
capability. Aquifer testing in the Salalah wellfield has indicated that the aquifer is semi
confined in the west but unconfined in the east, with storage coefficients ranging between
0.006 and 0.1. Transmissivities were found to range from 1,000 up to 300,000 square
metres per day (Taylor & Sons, 1979). Halcrow (1977) estimated transmissivities on
Garsiz Farm to be in the range of 300 to 5700 square metres per day. The fact that the
aquifer is a limestone with highly variable transmissivities indicates the need for detailed 
on-site investigations to prove feasibility. 

2. Recovery expected from the aquifer. 

Since the aquifer is being recharged with reclaimed water it is important to design the
recharge system to ensure maximum recovery in the areas where recharge is required most 
- i.e. in those areas where groundwater salinity is rising. The injection at Garsiz Farm will
achieve this because the site is located in the centre of the highly transmissive zone. Flow 
net analysis and modelling have confirmed that flow from the site is directed south into the
 
agricultural areas.
 

The modelling has also suggested that salinities will tend to rise in the coastal areas once the 
sewerage system is installed. The reason for this is that sewerage will take away that 
component of recharge caused by leakage of septic taik effluent to the water table. The
installation of injection wells along the coastal agricultural strip will enable reclaimed water 
to be directed to the areas threatened with saline intrusion. 

3. The potential for aquifer clogging. 

While clogging of the aquifer can sometimes occur as a result of bacterial, chemical or
physical processes, it is not likely here because of the high quality of the effluent. Bacterial
clogging can in some circumstances result from a growth of cells at the water-aquifer
interface as conditions change from aerobic to anaerobic. Chemical precipitation of
insoluble substances can occur if there is incompatibility between the recharging water and
the aquifer water, or because of the presence of iron or manganese. Physical plugging can 
occur because of precipitation of fines present in the aquifer. 

The feasibility of the recharge scheme needs to be assessed by a field investigation
programme which would include the drilling of test wells, the testing of groundwater
quality and pumping tests. The suggested scope of this investigation is included in 
Appendix N. 
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The injection well system is substantially superior to the alternative of infiltration basins on 
v, at is now Garsiz Farm. For ultimate development, the area required for infiltration 
basins is estimated, on a preliminary basis, to be approximately 60 ha. However, this 
estimate is based on limited study of infiltration conditions in the vicinity of the farm, with 
no access for field measurements to the farm itself. The area of 60 ha is based on a 
preliminary evaluation of the available infiltration test data (see Appendix N). The actually 
required area could be more or less than this, although the response of the soil to 
continuous or repeated wetting needs to be evaluated and could require an increased land 
area to recharge ultimate flows. 

Another possible means of providing for high rate infiltration of effluent is the use of large 
linear-move applicators similar to those used for fodder irrigation, but with low-level fan 
applicators instead of sprays. These could apply the reclaimed water to grass, with a 
potential gain in additional nutrient removal by passage through the grass and topsoil. 
However, while feasible, subject to proving of the actual soil and aquifer characteristics at 
the site, this method would be inferior to infiltration basins in terms of cost, reliability and 
complexity of operation. 

The actual method and design application rate are subject to revision on the basis of the 
results of studies to be conducted during the design phase. An outline scope of work for 
such studies is included in Appendix N. 

Preliminary layout of the proposed injection well recharge system at Wadi Daha is 
presented in Figure 5.5. A tentative layout of the alternative infiltration system at Garsiz 
Farm is presented in Appendix 1. 

A logic chart showing in simplified form the relationships between these feasibility testing 
arrangements and the decision points, including environmental reviews, is presented as 
Figure 5.6 and is based on the following assumptions: 

" 	 Injection recharge to the fresh water aquifer, and possibly to parts of the brackish 
water aquifer, is feasible, even though a basis for Ministry of Environment 
approval remains to be established; 

" 	 Costs of construction and operation of injection recharge will be less than those of 
infiltration recharge (which is true with engineering criteria based on the 
Consultant's current understanding of conditions); and 

o 	 Subject to adoption of suitable design concepts and criteria, the Ministry of 
Environment will approve one or another of the proposed recharge methods. 

The discussed feasibility confirmation studies would be conducted in parallel with 
corresponding studies on disposal options, as discussed in Section 5.1.4. 

Outline scopes of work for the disposal and recharge studies are presented in Appendix N. 

The costs of such studies are included in the estimates in Section 5.6. 

5.4.2 Wadi Qaftawt Treatment Plant 

5.4.2.1 Upgrading 

The Wadi Qaftawt treatment plant is about to begin operation on the basis of a temporary 
permit issued by the Ministry of Environment. The plant consists of: truck-discharge ports; 
a pump station; anaerobic ponds; facultative ponds; maturation ponds; chlorination facilities 
and chlorine contact tanks, plus test basins for reed bed and overland flow polishing 
treatment. 
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The effluent is not expected to comply with the discharge standards. However, in view of
the investment that has been made in this facility, and the fact that it has a valuable potential
role in relation to future industrial area wastewater treatment, it should be upgraded to 
produce a suitable effluent. 

The effluent is likely to exceed the discharge standards in respect of BOD, suspended
solids and total nitrogen. It may also fail to comply in terms of pathogen content if algae in
the effluent interfere with the effectiveness of chlorination. The eftluent is to be discharged
into a branch of Wadi Qaftawt in a location where the wadi boltom consists of exposed
bedrock. The effluent will form pools in tie irregular bottom. There is the possibility that
this may pose a health hazard in relation to possible transmissio:, of helminth infections,
mahia and/or bilharzia in the area where the effluent will be exposed and accessible by
animals and the public. 
Several options exist for the upgrading of the treatment facility to meet the effluent 
standards. These include the addition of: 

o Overland flow 

The applicability of overland flow to stabilisation pond effluent is uncertain because 
some types of algae are poorly removed. Actual experience in operating the test
units at Wadi Qaftawt will be important in evaluation of the possible use of this 
process. 

o Reed beds 

Reed bed, subsurface flow, or root zone systems can be effective in removing
organic matter, nutrients and metals. The effectiveness for this particular facility is 
still to be determined. 

o Water hyacinths 

Water hyacinths are used in the treatment plant at Al Ansab, near Muscat. These
plants remove BOD and take up nitrogen from wastewater. The shade they create 
inhibits algal growth but removal of algae is inconsistent. At Wadi Qaftawt, water 
hyacinths could be grown in one or some of the maturation ponds. However, the 
need for harvesting and disposal of the hyacinths and the possibility of encouraging
mosquito breeding makes this less attractive than the other options. 

o Intermittent sand filters 

Intermittent sand filters have been used for over 100 years to treat wastewater. 
They are a well-known and effective technology, but the cost would be higher than 
some of the other options and maintenance needs would be greater. Design criteria 
for this particular application need to be established. 

It is proposed that action on any upgrading be delayed until the plant and its experimental
units have been operated for some time so that their actual performance can be determined.
An extensive sampling and pilot testing programme should be undertaken. 

In addition, it may be possible to fill the wadi bed partially with coarse material from the 
alluvium on either side of the wadi, or with gabions, and adjust the effluent discharge pipe,
so as to prevent exposure of the effluent. Inspection and sampling chambers with locked 
covers could then be installed at intervals along the course of the wadi. After a programme
of plant operation and testing, it may be possible to establish that, given the method of 
disposal, no effluent quality improvement is needed. 
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It is proposed that engineering consultants be retained to do the following work in relation 
to Wadi Qaftawt: 

o 	 Design and conduct a programme of pilot treatment studies at the Wadi Qaftawt 

plant; 

o 	 Recommend any measures that may be needed to improve effluent disposal; 

o 	 Make recommendations regarding plant effluent quality upgrading; 

o 	 Make recommendations regarding: 

- The conveyance to the plant of industrial area wastewaters, 

- liant capacity expansion and any other improvements to accommodate such 
wastewaters; and 

o 	 Prepare detailed designs of the recommended and approved facilities. 

The pilot studies should begin as soon as possible after the plant begins to receive 
wastewater The designed improvements are proposed !o be incorporated into the 
Masterplan as follows: 

o 	 Improvements to effluent quality and/or disposal: Stage 1,Phase 2 (completion in 
1995) 

o 	 Facilities and improvements to accommodate industrial area wastewaters: Stage 1, 
Phase 3 (completion in 1999) 

Outline scopes of work for two engineering consultancies to perform this work are 
included in Appendix N. 

5.5 Non-structural Components 

In addition to the wide variety of physical facilities and structures comprising the first stage 
components of the Masterplan system, there are several important non-structural 
components, including a variety of institutional and/or management measures designed to 
improve the effectiveness o1 the Masterplan systems once they are constructed. 

5.5.1 Water Resources Management 

The essence of preserving the fresh water aquifer while providing for the increasing needs 
of a growing population is effective tranagement of the available water resources. There 
are several important elements to water resources management fcr the Salalah Plain. The 
most important single management strategy is relocation o- the large fodder operations off 
the fresh water aquifer (see Section 3.3.4). This strategy alone would save about 11 
million cubic metres per year of valuable fresh water if the Garsiz Farm and the MAF 
fodder farms weLe relocated. 

Probably the second most important water management strategy is utilisation of reclaimed 
water to recharge the fresh water aquifer and provide additional high quality water for 
irrigation in the traditional agricultural strip. At full development, the aquifer recharge 
strategy will provide about 14 million cubic metres annually to the fresh water aquifer. 

Fodder relocation and aquifer recharge with reclaimed water are the central elements of the 
Salalah Masterplan. In addition, however, there are other equally importart management 
measures. 
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The Ministry of Water Resources (MWR) has initiated a long-term programme for
monitoring and controlling water use in the Sultanate. This programme presently includes 
the following key actions: 

o 	 Well registration 

o 	 Well inventory 

o 	 Permits for new wells or well alterations 

This suite of activities will provide an information base from which MWR can move
forward to positively manage utilisation of the water in the Salalah aquifer. The Consultant 
believes that such positive management could and should include the following types of 
activities: 

o Metering of all wells (metres to be provided by Government); 

o 	 Determination of appropriate levels of irrigation requirements for various crops; 
and 

o 	 Tariffs for excessive abstraction from the groundwater aquifer. 

The importance of maintaining the integrity of the Salalah and Saadah wellfields cannot be
over-emphasised. Greater effort needs to be devoted to maintenance and development of
the Wellfield Protection Zone Action Plan. Finally, while a central focus of MWR activity
is water resource assessment, it is strongly recommended that increasing attention be given
to water resources management. 

5.5.2 	 Organisational and Management Measures 

Elsewhere in this report, a number of important management strategies are discussed. Thissection is designed to bring together and highlight these important, albeit non-structural, 
aspects of the Masterplan. 

A variety of operation and management plans are required for successful implementation of
the Masterplan (Refer forward to Section 6.3 for details of these programmes). 

Of equal importance is the design and implementation of the management organisation for
the Masterplan, described in more detail in Section 6.4. This includes requirements fortraining of Omani professionals to assume long-term responsibility for operation of the 
Masterplan facilities. 

Finally, a twinning programme (refer forward to Section 6.4.5) is proposed to assist the
local water supply and wastewater authority to successfully discharge its responsibilities.
The concept of twinning, i.e., contractually linking the Omani organisation with another,
more mature, overseas organisation with similar facilities and responsibilities, has proven
successful in a number of situations similar to that in Salalah. 

5.6 First Stage Cost Estimates 

5.6.1 	 Capital Costs 

The estimated ,.a'ital costs for the First Stage (1991 - 2000) are summarised in Table 5.6.
Details on these zosts are given in Table 5.7, which also shows the total capital costs to the 
year 2010. The costs in Tables 5.6 and 5.7 are on a 1991 cost basis. Provision for price
contingencies (,:scalation with time) is included in the financial projections presented in 
Appendix M. 
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No provision has been included in the cost estimates for compensation. The construction 
cost estimates include provision for the making good by construction contractors any 
damage that they may cause (for example to exterior walls and yards) in installing service 
connections on private property. If some residual damage remains, it is possible that some 
claims may be made. The ultimate cost of these depends entirely on the way in which they 
are handled by the government. The Consultant has no way to estimate their cost. It is not 
expected that there will be any destruction of buildings under the programme. 

TABLE 5.6 First Stage Capital Costs (1000 Rials) 

Phase/Stage Wastewater Potable Total Cost 
Supply 

A. Wastewater Reclamation Plant 
at Wadi Daha Site 

Phaoe 1(1991 - 1995) 28,782 110 28,892 

Phase 2 (1991 - 1995) 5,167 13,993 19,160 

Total, 1991 - 1995 33,949 14,103 48,052 

Phase 3 (1996 - 2000) 6,681 9,567 16,248 

Total, Stage 1 Wadi Daha 40,630 23,670 64,300 

5.6.2 Operation and Maintenance Costs 

The estimated costs of operation and maintenance are presented in Table 5.8 on a 1991 cost 

basis. 

5.6.3 Institutional Development Costs 

The costs of management assistance and twinning programme development consultancies 
are included in the capital cost estimates in Section 5.6.1. 

The estimated cost of offshore training, on the basis of a total of 12 courses (2 for senior 
managers, 3 months each; and 10 for professionals, averaging 4 months each) is RO 
70,000. This includes provision for travel costs, stipends and tuition costs. 

Fcr the twinning programme, the following costs are proposed to be provided for during 

the course of an estimated six-year period (two successive three-year agreements): 

o Twelve two-week consulting visits to Salalah by foreign entity staff; 

o Three one-month training visits to Salalah by foreign entity staff; 

o Six two-week visits to the foreign entity by Salalah staff; 

o Conference attendance by 12 persons from each entity; and 

o Provision of copies of manuals, procedures and other documents. 

The estimated cost on this basis is RO 300,000. This is a preliminary estimate oily and is 
subject to the results of the twinning programme preparation consultancy. 
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TABLE 5.7 Estimated Capital Costs* 

A. 	 Wastewater Costs 
*In 1000 Rials; 1991 prices; 5% physical contingencies; 12% engineering 

Cost Item I STAGE 1 STAGE 21 STAGE 3 TOTALPhase I Pase 2 Phase 3 

Year completed: 1995 1995 2000 1 2005 2010 
Collection, Treatment and Disposal 
Ho ise Connections 5,136 1,644 3,031 2,635 12,447 
Collection System 4,283 2,197 2,905 9,386 
Treatment Plant 10,763 6,810 6,810 24,382 
Upgrading Ponds 280 1,064 1,344 
Injection Disposal 616 84 84 784 
Investigations 720 720 

Subtotals 21,798 0 4,906 9,924 12,434 49,063 

Conveyance and Aquifer Recharge for Wadi Daha Site 
Trunk Sewers 5,813 5,813 
Force Mains 794 1,481 679 2,953 
Pump Stations 376 295 194 865 
Aquifer Recharge 5,167 84 84 5,335 

Subtotals 6,983 5,167 1,775 956 84 14,965 
TOTALS, Wadi Daha 28,782 5,167 6,681 10,881 12,518 64,028 

B. Potable Water Supply Costs 

Cost Item STAGE 1 STAGE 2 STAGE 3 TOTAL 
Phase 1 Phase 2 Phase 3 

Year completed: 1995 1995 2000 2005 2010 
Fodder Relocation 2,234 1,174 3,408 
Wellfield Facilities 1,176 1,176 
Water Distribution: 
Trunk Mains 5,541 5,489 3,360 14,390 
Distribution Storage 1,960 1,960 
Booster pump station 168 168 
Raysut/Mughsayl system - included in Trunk Mains 
Secondary dist'n, 
metered connections 2,914 2,904 4,568 1,499 11,885 

Subtotals, distribution 10,583 8,393 7,928 1,499 28,403 
Water Resource Evaluation 

Priority Works 110 110 
TOTAL 110 13,993 9,567 7,928 1,499 33,097 
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TABLE 5.8 Water Supply and Wastewater Operation and Maintenance Costs 

COST ITEM .. 1991' ,992W19931994 1995 1996Annual rosts in RO ThousandK idRX- 3, : i9".Eai-:.i.: 

WATER SUPPLY 
Personnel 1 "5729 737 749 763 782 
Electricity :. 3 i .8 42 45. 48 55 
Other . 94 977-95 100 103 
TOTAL ':'55 " :862 876:: 8%w 911 940 
WASTEWATER 
Personnel 01 1:44 149 154 314 352 
Electricity - "1012 14 55 170 
Chemicals . <4-. 5 6 33 103 
Maintenance .*... I 1- 12. 20 37 
Fuel 15 -16 A&-1i'2 20 20 
Other ...... It. 12'w'.1 13, 13 13
Administration 1:'6j i19- 20 22 43 
TOTAL 189 . 226 :-. 239 477 738 

1997 

800 
57 

105 
962 

378 
229 
137 
46 
27 
18 
79 

914 

1998 1999 :2000 I2005i 

831 858 83 883 
60 62. 65 82 

109 112.:114 1.130 
1,000 'i,932!i:10 

406 435 . 466. 499 
250 277 293 370 
150 166, 176 221 
50 56, 59 73 
30 33 .35 46 
22 22 24 29
95 119 120 124 

1,003 1,108 1,173 1,362 

2010 

954 
99 

141 
1,095i1194 

53" 
447 
268 
89 
56 
34

143 
1,569 

0:. : :'i! .::::'!: ii::::::! i? .::::::::::::::: .:: 



6.0 IMPLEMENTATION ISSUES
 

6.1 Overview 

In this chapter, the major issues and options regarding project implementation are
presented. These concern the management of the construction programme and facility
operations, the financial sustainability of the system, the establishment of a new 
organisation, including a programme implementation unit, and a twinning programme. 

The term "the Authority" is used in this chapter to denote the agency that will be
responsible for water supply and/or wastewater (according to the context). 

6.2 Implementation of the Construction Programme 

6.2.1 Management of Design and Construction 

The several stages and phases of the Masterplan construction programme each include
design, tendering, award, equipment supply and/or construction, and commissioning. The
key design and construction activities will be performed under contract. However, all ,he
above components require direct and continuous Client involvement. 

The level of such Client activity will be at its greatest during the first and second phase
design, precontract and construction stages (refer forward to Figure 9.1) but will continue 
throughout the programme. 

Among the principal construction programme management activities will be: 

" 	 Planning and coordinating the implementation of the water supply and wastewater 
masterplans; 

" 	 Providing technical support of and liaison with the Finance and Accounting
Department and the Revenue Department in connection with the preparation of five
yearly and annual capital budgets, revenue forecasting, and revenue enhancement; 

o 	 Providing oversight of the Priority Works design and construction services 
consultancy, including handling both technical and contractual matters; 

o 	 Appointing and providing oversight of second and third phase design and 
construction services consultants (the second phase consultants should be appointed
before the end of 1992); 

" 	 Finalising applications to, and conducting any necessary negotiations with,
Ministry of Environment regarding issuance of No Environmental Objection 
Certficates; 

o 	 Planning and coordinating the service connection programme; 

o 	 Reviewing and approving tender documents, and coordinating tendering and 
contract awards with the Tender Board, regarding: 

- Priority Works equipment supply and construction; and
 
- Contract operation of wastewater facilities;
 

" 	 Initiating payments to contractors; 
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o 	 Coordinating the planning and implementation of the collection of sewage and trade 
wastes from industrial areas with the provision of piped water supply for such 
areas; 

o 	 Coordinating water supply and sewerage implementation with the planning and 
implementation of other public services such as street paving, electricity supply and 
telephone service, and with the activities of other stakeholders in water resources 
such as Ministry of Agriculture and Fisheries and the Diwan; 

o 	 Negotiating agreements with land owners, intended users of reclaimed water and 
others regarding such matters as: land acquisition; easements; provision and use of 
reclaimed water, and pretreatment of trade wastes; and 

o 	 On completion of the planned revision of the Structure Plan for Salalah and of the 
initial formal population census, making any necessary revisions to the Masterplan 
programme. 

6.2.2 	 The Service Connection Programme 

6.2.2.1 Service Connection Programme Components 

The programme of house connections and service connections for non-residential premises
will in large part be included in the Priority Works collection system design consultancy 
and construction contracts. Connections will also be included in subsequent water and 
wastewater system expansion contracts. Some connections, particularly for buildings 
constructed after the sewers are installed, will be installed by the owners either directly or 
by contractors but must be approved and connected by the Authority. 

The programme will include: 

o 	 Drafting and promoting execution of a new Local Order relating to sewer 
admissions; 

" 	 Establishing a cooperative arrangement with Ministry of Environment regarding 
evaluation and approval of admissions to sewers, including industrial waste 
connections; 

o 	 Providing technical advice to the Regulatory Affairs, Connections and Liaison 
Department (and, pending the establishment of that department, to the Engineering 
Affairs Department) in relation to sewer connection permits and septic tank 
construction permits; 

o 	 Arranging for legal authority, including individual owner agreements if necessary, 
for Priority Works construction contractors to enter premises and install sewer 
connections; 

o 	 Evaluating the numbers, locations, probable timing and method of implementing 
sewer connections, other than those included in the Priority Works construction 
contracts; 

" 	 Assisting the Department of Public Awareness to prepare and implement a public 
education campaign to promote both the value of a sewered wastewater disposai 
service, in order to estab!ish willingness to permit contractors to enter premises and 
to pay the costs, and the merits of reclamation and reuse of reclaimed water; 

" 	 Conducting a customer canvass, and establishing and maintaining a customer 
inventory; and 
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o Managing the connection to the sewer system of those governmental, military and 
other wastewater systems that are to be connected. 

6.2.2.2 Scheduling and Managing First Phase Sewer 
Connections 

A very important element of the programme, which will require close coordination of the
various first phase construction components, is the connection of all of the first phase
(Priority Works) customer premises to the sewer system within a period of a few months,
in order to provide a rapid loading of the treatment plant soon after, but not before, it is 
completed. 

The Priority Works Programme includes a total of 10,300 connections, all of which are to
be completed in 1995 and early 1996. While the principal elements of the connections can
be completed y the sewerage contractors as part of the construction of the lateral sewers,
bringing the connections to final completion will challenge the organisational capabilities of 
the contractors, the consultant and the Authority. 

The key task; involved in managing this effort are included in the listing in Section 
6.2.2. 1. Further details on them are as follows: 

o Legal Authority to Enter 

If sufficient legal basis does not already exist, it will be necessary to execute a Local
Order giving the Authority and its contractors permission to enter private premises
for the purpose of making sewer connections with appropriate provisions regarding
due notice, respecting privacy and making good of damage. In theory, an
alternative would be for the individual owners to hire their own contractors to make
the connections. This would require model contract documents to be provided for 
the owners, each of whom would be required to sign an agreement with the
Authority undertaking to have the work done according to the model contract. This
would be much less certain in its results and more difficult to manage than the use
of Authority contractors, and is not recommended. 

The necessary decision needs to be taken as soon as possible so that the Priority
Works design consultant has the necessary guidance in preparing contract
documents and can cover this in his Outline Design Report (refer to Priority Works 
Report, Appendix D). The Local Order, if needed, should be executed at the same 
time as that for control of admissions to sewers (see below). 

o Admissions to sewers 

A detailed presentation, and corresponding recommendations, on the technical
bases for control of sewer admissions are included in Appendix F. Early
implementation actions, which affect the service connection programme, are 
needed.
 

It is recommended that the Authority reach an understanding with the Ministry of
Environment regarding the administration of the Regulations for Discharge of
Liquid Industrial Wastes to ensure that the Authority does have the means to control 
admissions to its sewerage system and that the Ministry's requirements regarding
discharge to the environment are also implemented. Consideration should be given
to administration by the Authority of the Regulations for Discharge of Liquid
Industrial Wastes at least in respect of discharges to the sewerage system. 

In support of this understanding, and to codify the manner in which the Authority
will apply the Regulations on External Building Drainage, a Local Order should be 
enacted which will provide for: 
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- Implementation by the Authority of the provisions of the Regulations for 
External Building Drainage with variations to: (a) address the issues raised in 
Appendix F, section F.2.2, and (b) make any appropriate adjustments to the 
application requirements; 

- Implementation by the Authority of the Regulations for the Drainage of Liquid 
Industrial Wastes in respect of admissions to the sewerage system, with 
variations to address the issues raised in Appendix F, Section F.3.2. (refer also 
to Section 6.3.2 below); 

- Cancellation of the drainage provisions of Dhofar Local Order 15/89 in favour 
of the above provisions, and in favour of application of the provisions of 
Ministerial Decision 5/86: Regulations for Septic Tanks and Holding Tanks, 
with suitable technicil interpretations of local applicability. 

The issuance of buildinS, permits by the Engineering Aftairs Department should be 
dependent on the prior issuance of water and sewer connection permits by the 
Authority. 

The Authority itself should review applications to connect to the system, including 
those from industrial, commercial, agricultural, horticultural and scientific research 
establishments, in terms of the understanding to be reached with the Ministry of 
Environment, as proposed above. 

Firm decisions in principle are needed on all the above matters as soon as possible 
so as not to hold up progress on the preparation of contract documents for service 
connection installation. The related formal documentation and Local Orders need to 
be put in place as soon as possible but iot later than the early stages of Priority 
Works civil contract document preparation. 

When connections to the sewer or water-main are to be made privately, as for sewer 
connections for ho3uses constructed after 1995, controls should take the form of: (a) 
requiring connection permits by the Authority as a condition of issuance of building 
permits, (b) issuing connection permits to licensed plumbers/contractors only, (c) 
requiring performance to be in accordance with the new Local Order for building 
drainage and with the corresponding water supply code, and (d) inspection by the 
Authority prior to backfilling. 

o Information Can.paign 

It is necessary to prepare and implement a public education campaign to promote 
both the value of a sewered wastewater disposal service (in order to establish 
willingness to pe!mit contractors to enter premises and to pay the costs) and the 
merits of wastewater reclamation and reuse. This activity would be an educational 
effort, to make sure that all sectors of the community are aware of the wastewater 
collection and reclamation programme. 

This will be accomplished in two phases: (a) identifying, informing fully and 
involving key leaders in various community groups, and (b) planning, designing 
and implementing media events and programmes (refer to Appendix L for more 
detail on phase [b]). It should be planned in close cooperation with the Department 
of Public Awareness, which should coordinate the media component of the 
campaign. Phase (a) should begin as soon as the decisions in principle governing 
the Masterplan have been made. Phase (b) should begin as soon as possible after 
the completion of planning of the service connection programme. 

6-4 



o House to House Survey 

A house to house survey will need io be conducted to: (a) identify premises that can 
and cannot be connected, (b) establish a customer data base, (c) obtain completed
connection applications and deposits. More detail is presented in Appendix L. This 
canvass can be expected to be diffi,:ult and time consuming, with numerous follow
up contacts required. Thereforc an early start is needed, beginning after the
planning of the connection programme and at about the time of completion of 
Priority Works civil designs. 

o Completing the Linkages 

The timely mobilisation of connection teams (either separate contractors or teams 
provided by the sewer construction contractors) will be necessary to close the final 
gap and initiate service for thousands of customers as soon as the main facilities are
ready to receive wastewater. It will be necessary to maintain close surveillance over 
this aspect of the programme, either (a) through the design and construction
services consultant or (b) directly (if a privatisation approach has been adopted and
for any premises to be connected by owner-awarded contracts). 

6.2.3 Provision for Planning Changes 

As conditions not yet adequately understood are revealed, and as conditions change and 
decisions are made, it will be necessary to make adjustments in the Masterplan programme. 

Some of these will result from official decisions that may not accord exactly with the
recommendations and assumptions herein. Others may result from studies associated with
the Priority Works design. Changes will also probably be needed as a result of the
intended updating of the Salalah Structure Plan in 1993 and from a population census
which will also be conducted in 1993. Future population growth and rates of urban 
infilling may vary from those assumed. Monitoring of the effects of completed and
operating Stage I facilities may show that relaxation or strengthening of design criteria is 
warranted for subsequent stages. 

In particular, as the design loads on the Stage I facilities, especially the treatment plant, are
approached, it may be necessary to advance or delay the implementation of capacity
increments. Annual construction programmes and budgets, as well as Five-year
Development Plan budget requests, should be adjusted to provide for programme
amendments resulting from such changes. In addition, an update of the Masterplan flows,
loads, and concepts should be prepared as the basis for the design of the Stage 2 facilities.
This update should take place at least five years ahead of the then-expected start-up date for
the Stage 2 facilities. On the basis of current projections, the update should be completed 
ten years from now, in 2001. 

6.3 System Operations 

6.3.1 Facility Operation and Maintenance 

Evaluations and proposals on water supply and wastewater facility operation and 
maintenance are presented in Appendix K. 

Appendix K includes a review of existing water supply system O&M practices and results,
together with recommendations for improvements. 

Also presented is a discussion of, and recommendations concerning, the planned contract 
startup and operation of the new wastewater stabilisation pond plant at Wadi Qaftawt. 
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Outline requirements for the contract O&M of the proposed Stage I Masterplan wastewater 

facilities are also presented. 

6.3.2 Control of Trade Wastes 

The quantity and quality of trade wastes entering the sewer system must be controlled. 
This is true both for the central system from which effluent is to be reclaimed and for the 
separate system serving parts of the industrial areas. The intent in both cases is that wastes 
entering the systems will have the same general characteristics as domestic sewage. 

The wastewater in the dedicated industrial area system will tend to be stronger than that in 
the central system because it will include only small quatitities of sullage. The reason for 
keeping it separate is to prevent both the discharge of excessively strong wastewaters into 
the central system and the possibility of accidental or illegal dumping into it of toxic or 
dangerous substances that may be used on industrial premises. It is also important to 
prevent if possible, or at least to minimise, the admission of such substances into the 
industrial area system. 

Both systems will have facilities and treatment processes that require protection against 
corrosion, clogging, grease accumulation, toxic interference, and risk of explosion. The 
limiting quality parameters for both systems are defined in the Regulations for the Drainage 
of Liquid Industrial Waste, and are presented and discussed in Appendix F. 

The need for a new Local Order to cover sewer system admissions including 
supplementing the Regulations for the Drainage of Liquid Industrial Wastes is presented in 
Section 6.2.2 above and detailed in Appendix F. 

It is also necessary to: (a) evaluate applications for sewer connections taking into account 
trade activities that are to be undertaken on the premises, (b) carry out inspections of 
premises that are, and that have applied to be, connected to the sewer system, and those 
from which wastewater is collected by tanker truck, (c) take and analyse samples of raw 
material, process water and wastewater from private and governmental premises, and (d) 
maintain a safe disposal or containment method and location for toxic and hazardous wastes 
disposal, with clear niles for its use. 

It is recommended that studies to be conducted as part of the Wadi Qaftawt Wastewater 
System upgrading design consultancy should propose programmes for trade waste control 
and the management of petroleum-based wastes (which at present are collected by 
wastewater tankers). 

The analytical support of the trade waste control programme should be provided by the 
laboratory to be constructed at the central system wastewater reclamation plant, supported 
as may be necessary by ad hoc surveys involving the use of laboratories, in some cases 
outside Oman, with specialised capabilities not economically justified at the Authority's 
laboratory. 

6.3.3 Impact Monitoring 

It will be necessary to monitor the impact of effluent disposal, recharge and reuse in order 
to provide a basis for future decisions about the continuation or amendment of the 
wastewater management programme. This requires the establishment of baseline 
conditions prior to the beginning of discharge and continued monitoring after the start of 
discharge. 

For the new stabilisation pond facility at Wadi Qaftawt, it is important to be able to 
distinguish the effects of the treatment plant from those of the neighbouring soliV*waste 
dump. This is especially true if a decision is made to dispose of the plant effluent by 
percolation into the alluvium alongside the wadi. The solid waste dump has a greater 
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potential for environmental damage than does the treatment plant, and may already be 
contaminating the ground under the site with toxic and hazardous substances. Consultants
retained to undertake pilot studies related to supplementary facilities at the Wadi Qaftawt
treatment plant should also design the necessary impact monitoring system. 

The Priority Works include effluent disposal facilities. The design consultancy for these
works should include the installation of a water level and quality monitoring system, and 
the establishment of baseline information. 

The design consultancy for second phase reclaimed water recharge and/or reuse facilities 
should similarly include the installation of a water level apJ quality mor.itoring sT-stem, and 
the establishment of baseline information. 

6.4 Managemeot and Organisation 

6.4.1 Structure and Jurisdiction 

The primary institutional issues are whether water and wastewater functions should be: (a)
organised and managed as public utility enterprises, (b) conducted jointly or separately, and 
(c) placed under the Municipality or under the Deputy Governor's Office. 

Public utilities or enterprises have been established in countries throughout the world to 
manage water supply, wastewater, electricity and other functions. They are not widely
used in Oman, however. While. it appears possible that a water and wastewater authority
for Salalah could generate the revenue necessary for financial independence, the measures
needed to achieve efficiencies from utility operations can probably not be implemented at 
the present time. The potential efficiencies of the utility management approach are worthy
goals, however, and this approach should be a long term objective. 

Water supply functions are currently carried out under several departments in the 
Directorate General of Water Supply and Transport, whereas a new department has been 
planned within the Municipality to manage the wastewater collection and reclamation 
functions. In terms of both capital works planning and operations, there are very important
linkages between the water supply and wastewater functions. These linkages include: the 
need for close coordination of system expamsions; treatment and reuse goals and methods;
and revenue collection. In addition, common management would provide the opportunity 
to share scarce management and professional resources. Combining the water supply and 
wastewater functions into a single organisation is therefore proposed. 

A combined water and wastewater organisation could be placed either under ihe
Municipality or under the office of the Deputy Governor. The organisational philosophy
for the Office of the Minister of State and Governor of Dhofar appears to call for the
provision of public services such as water and wastewater under the Municipality. Moving
the wastewater functions into the Deputy Governor's sphere of activities would appear to 
reinforce a situation which is already at odds with the overall organisational philosophy of 
the Ministry. Furthermore, the span of control of the Deputy Governor is such that the
addition of still another directorate involving a totally new municipal service of major
proportions could prove to be an excessive burden. On the other hand, placing the water 
and wastewater operations under the Municipality would provide an improved balance 
between the Municipal Chairman aid Deputy Governor sides of the Ministry's
organisational structure. For these reasons, the Consultant recommends placement of the 
water supply and wastewater functions under the Municipality. 

A more detailed discussion of the basis for the above jurisdictional recommendation,
together with alternative and proposed organisational structures, is presented in Appendix
L. 
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Included in Appendix L are proposals for expans;on of the intermediate managerial units of 
the Municipality. A tota'. of three directoratrs is proposed. These would deal with (a) 
water supply and wastcwater, (b) administrative and financial activities, and (c) the 
remaining municipal services. The Revenue Department would be suitably placed in the 
new Directorate for Administration and Finance. 

6.4.2 Initial Functions of the Water and Wastewater Directorate 

6.4.2.1 Departmental Functions 

The general areas of responsibility of the departments within the proposed Water and 
Wastewater Directorate are described in Appendix L. Some of the actual activities of these 
departments will develop over time. For example, first phase construction contract 
management will not begin until 1993, and intensive activities related to sewer system and 
reclamation plant operations will not begin until 1995. 

However, certain management activities must be performed or initiated within the next six 
months. In addition to the ongoing water supply and stabilisation pond functions, these 
immediate activities relate to the initiation of the first phase wastewater works 
implementation and of the second phase water supply and wastewater works 
implementation. 

The principal immediate functions are listed below by department, as a guide to the 
estimation of initial staffing requirements: (see Section 6.4.4 below) 

o Water Operations 

Continuing and improving existing operations (with early transfer of revenue 
functions and suff to the new Revenue Department); 

o Wastewater Operations 

- Execution of the operations contract for the Wadi Qaftawt stabilisation lagoons, 
with subsequent oversight of the contractor's performance (leaving control of 
tanker operations with the Public Health Department), and 

- Setting up the laboratory and monitoring procedures at the Wadi Qaftawt plant; 

o Technical Affairs 

- Continuing existing water supply functions; 

- Appointment and orientation of the Priority Works design consultant; 

- Finalising applications to Ministry of Environment regarding No 
Environmental Objection Certificates; 

- Appointment of a consultant to conduct pilot studies at the Wadi Qaftawt 
treatment plant, establish baseline monitoring of subsoil conditions that may be 
impacted by the plant or by the solid waste dump, and prepare designs of the 
second phase water supply and wastewater facilities; 

- Planning the initial physical elements of the service connection programme and 
providing technical support to the Regulatory Affairs, Connections and Liaison 
Department on regulatory aspects of service connections (see Section 6.2.2.1 
above); 

6-8 



- Conducting phase (a) of the public information campaign (see Section 6.2.2.2 

above); 

- Coordination of sewerage (and water supply) with other public services; and 

- Negotiating agreements with land owners, users of effluent and others affected 
by the wastewater ;,rogramme. 

o Regulatory Affairs, Connections and Liaison 

- Preparing, with technical input from the Technical Affairs Department, andpromoting execution of, Local Orders regarding sewer admissions and sewer 
connections; and 

- Presenting applications to, and conducting any necessary negotiations with,
Ministry of Environment regarding No Environmental Objection Certificates. 

6.4.2.2 Programme Management Unit 

The establishment of a Programme Management Unit (PMU) within the Department of
Technical Affairs is a crucial early step for the implementation of the Masterplan. Thefunctions of the PMU include all of the technical elements listed in Sections 6.2.1 and 
6.2.2 above. 

Its immediate functions are the wastewater components of the early functions of the
Technical Affairs Department listed in Section 6.4.2.1. To enable the performance of these
immediate functions, the PMU should initially consist of the following: 

o Programme Manager 
o Chief Sanitary Engineer 
o Contracts Administrator 
o Computer Systems Specialist 
o Drafters 
o Secretary/Typist 
o A Service Connection Planning Unit (SCPU) comprising: 

- SCPU Manager
 
- Engineer
 
- Data Manager
 
- Field Survey Manager 

6.4.3 Management Systems 

6.4.3.1 Background 

The scope and scale of activities to be tndertaken for implementation and subsequent
operation of Priority Works and Masterplan Facilities are massive. The impacts will be felt
in terms of major increases in annual expenditures, numbers of contracts processed, direct
procurement actions taker, contacts made with new and existing customers, internal andexternal coordination steps and staff recruitment actions. Systems and procedures
employed in the past to deal with such matters may, in some cases, no longer be adequate
to meet the new levels of demand. In other instances, new systems and procedures must
be developed to address demands that simply did not previously exist. 

6.4.3.2 Financial Accounting and Reporting 

Since procedural information on the financial accounting and reporting processes was not 
made available for review, no evaluation or recommendations can be made in this area. 
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6.4.3.3 Revenue Systems 

Revenues from water operations ave one of the largest source. of locally generated revenue 
in the Region. At the present time, the systems employed in the generation of those 
revenues are lacking in a number of ways which result in an inability to properly assess the 
pattern of consumption among custom.rrs, to determine accurately the amounts collected on 
current billings, to prepare and issue bills consistently on time, and to compute accurately 
the total amounts in arrears. On the basis of a review of this situation, the following 
recommendations are made: 

o Revenue improvement programme 

An overall systematic evaluation of all facets of the present revenue system should 
be undertaken. This would involve conducting a door-to-door customer census, 
clearly identifying the objectives of an improved system, detailed design of system 
flow and documentation and then entering historic and new data. Computerisation 
will be an important element of the new system. Testing of the system would be 
undertaken in parallel with current operations to make necessary refinements prior 
to abandoning the old system. More detailed recommendations are presented in 
Appendix L. 

o Contract operations 

Contract performance of revenue functions has been employed successfully 
elsewhere in Oman. This should be employed in Salalah to gain efficiencies in 
collection costs and to ensure optimisation of collection levels. 

o Revenue system for septage disposal charges 

Systems and procedures will be necessary to support the recommended 
implementation of a tariff on septage disposal to cover treatment costs at Wadi 
Qaftawt. Recommended procedures for this are proposed in Appendix L. 

6.4.3.4 Programme Management Systems 

The Programme Management Unit will need to adopt suitable systems to support its 
scheduling and monitoring functions. Programme management (or project management) 
systems have been used successfully to i.,onitor and control highly complex projects, with 
the goal of assuring on time completion, within budget. Computer software employing a 
variety of techniques has been developed and a number of options are available. Examples 
are Easy Project (trade mark) ond MacProject (trade mark). 

The complexities and potential delays associated with the procurement cycle used in the 
Dhofar Govemorate are such as to require special management and coordination measures. 
This is particularly important given the repetitive procurement cycle that will need to be 
followed in implementing the Masterplan projects. An analysis of the steps in the process 
and estimated time requirements for each was made for use in developing a suggested 
programme management tool for this process. This is presented in Appendix L. 

6.4.4 Human Resources 

6.4.4.1 Background 

The staffing and sustainability of technical operations of all kinds in Oman is strongly 
dependent on the use of expatriates. There is a firmly established policy of Omanisatio, 
but its implementation is a gradual process that is dependent on the limited ava;!;biiy of 
suitably trained and motivated Omanis. Those Onmanis who are trained, appropriately 
placed and willing tend to be very f;avily loaded. All manai labour and almost all direct 
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supervision of labour is done by non-Omanis. Related to the policy of Omanisation, there
is also a corollary policy that Oman funds will not be used to train non-Omanis. This 
creates a difficulty for the staf'ing of technical operations for which cadres of technically
educated, experienced and motivated Omanis are not available. A common way out of this
difficulty is the use of contract operations. This approach has the additional oenefits of 
providing focused responsibility and clear motivation, through the tendering process, to
minimise costs. It is already in use for the power generatioi, and desalination plant in the
Capital Area, for example. This is the intended approach for the operation of the Wadi 
Qafvtwt wastewater treatmeit plant. It is also the approach proposed by the Consultant for 
the operation and maintenance of the new wastewater reclamation plant and related
collection and conveyance facilities (see Appendix K) aid for water and wastewater billing
and collection (see Appendix L). 

6.4.4.2 Management Staffing 

Management staffing and appointment o" recruitment decisions need to be made for the
implementation of the new organisation strtucture and the Masterplan itself. Some of these 
decisions need to be made very soon. These include the initial establishment of a
Programme Management Unit and the appointment of senior managers to oversee the 
progr'amme. 

Many uther staffing, recruitment and job definition decisions also need to be made, but can
be dealt with over time as the programme becomes more clearly defined during the design
and construction process. 

As an implementation guide, the following immediate steps are proposed: 

1. 	 Initially staff the Programme Management Unit within a reorganised Technscal 
Affairs Department for water and wastewater as indicated in Section 6.4.2.2, based 
on outline position descriptions for the key positions presented in Appendix L. 

2. 	 Make early appointments of senior managers to act as Director General for Water 
and Wastewater and Head of the Revenue Department. Outline position
descriptions and qualifications are set out in Appendix L. 

3. 	 For the preparation of position descriptions and qualification statements for other 
management positions, the assistance of a "twin" water and wastewater utility is
proposed. Such twinning arrangements are an increasingly common means of 
development of management and technical capabilities through long-term
interactions with similar but more mature organisations overseas. This proposal,
and a recommended means of implementing it, are presented in Section 6.4.5 
below. 

6.4.4.5 Training 

The policies already in place in Omnan regarding Omanisation and the need for training 
programmes to concentrate on Omani personnel, together with the extreme shortage of 
qualified and motivated Omani technical personnel, require a special approach to human 
resources development. 

In the interim, technical management and operations must necessarily be conducted largely
by expatriates. As discussed elsewhere, the Consultant proposes that expatriate services be
acquired and managed largely through the mechanism of contvact operations. In addition, a 
number of staff positions wi.! inevitably be filled with expatriates. 

For ooth Omani and expatriate management and technical staff, including the staff of 
operations contractors, procedures and systems must be set up, and orientation of 
personnel to those systems and procedures must be provided. 

6-11 



In the case of operations contractors, the provision of personnel orientation is primarily a 
task of the respective contractors, in compliance with requirements that should be 
established in their contract documents. 

For both Omani and expatriate managers and technical personnel, orientation activities, 
making use of manuals and guidelines prepared under the various consultancy ,nd other 
development components of the programme, should be planned and implemented through a 
proposed twinning programme (see Section 6.4.5). 

For selected Omani managers and senior technical staff, offshore training is proposed. 
This training should be strongly focused to the needs of the programme, and to both the 
training and motivation of Omanis who already have basic technical educational 
qualifications. Such training is proposed to consist of short courses of three to si' months' 
duration conducted, except for the most senior managers, by organisations that specialise in 
the training of water supply and wastewa.;', personnel. For managers of operation and 
maintenance functions, the courses sho 'd include substantial amounts of time ac!ually 
working in and on water and wastewater facilities. The purposes are: (a) to enable the 
trainees to get to know clearly the functions that they are to perform or manage by actually 
perfo iing them, and (b) to immerse the trainees in water and wastewater operations along 
with host country and other personnel in order to impress them with the fact that this is a 
technically demanding and honourable area of public service. 

While the details of the course identification and attendance should be developed through 

the twinning programme, courses may include: 

o Water and wastewater utility revenue management 

o Wastewater treatment plant operation and maintenance 

o Water system preventive maintenance 

o Pump station operation and maintenance 

o Water and wastewater customer relations management 

o Stores management and purchasing 

o Operation and maintenance record systems 

o Utility management for senior managers 

o Budgeting and financial management for senior managers 

o Water and wastewater utility training programme design and implementation 

6.4.5 Twinning Programme 

6.4.5.1 Basis 

Twinning arrangements between new water and wastewater utilities in developing countries 
and parallel, but more mature, organisations in developed countries are increasingly 
common. They can provide longer term, more flexible assistance arrangements than 
consultancy contracts. If the twinning partner is carefully selected for parallel interests to 
those .of the developing country partner, for its degree of motivation to participate, for its 
staff skills and experience, and for other attributes described below, such arrangements can 
lprovide invaluable technology transfer, forums for exchange of ideas and experience, and 
lasting arrangements on which both parties can draw. 
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For the new Salalah wastewater operations in particular, there will be a wide range of 
management systems, operation and maintenance, and human resources development areasin which assistance will be needed. Reliance on institutional development and management
consultancies to fill these many needs would be relatively inflexible and expensive given
the small size of the system and the correspondingly limited funding resources. In these
circumstances, it is concluded that a flexible, long-term twinning arrangement is the mostappropriate management and personnel development assistance method available for the
Salalah water supply and wastewater systems. 

6.4.5.2 Programme Conte nt 

The twinning programme should be governed by a carefuily prepared contractualarrangement between the partners, preferably endorsed by an international funding agency
that will support the cost; of implementing the twinning programme. 

The goals of the twinning programme should include: 

o 	 Transfer of the experience of managers and trainers with current relevant utility
experience; 

" Learning from the networking and information sources available to the foreign 
partner; 

" 	 Obtaining recommendations on specific problems faced by the Salalah authority that
have been or are currently being dealt with by staff of the foreign partner; 

" Transfer of technology and understanding by personnel exchanges and inspection
visits; 	 and 

o 	 Establishing the basis for a long-term relationship that will continue to be beneficial 
after the end of the initial twinning contract. 

Elements of the programme should include: 

o 	 Consulting inputs by the foreign partner in relation to: 

- Establishing management staffing needs, 
- Preparing position descriptions and qualifications, 
- Recommending management systems and procedures,
 
- Assisting in the public education programme,
 
-
 Training programme design, including selection of trainees, topics and venues 

for offshore training, and 
Training of trainers; 

" 	 Provision of training by the foreign partner, both through visiting trainers and at its 
facilities; 

o 	 Joint staff participation in research, technical society affairs. conferences,
distribution of technical journals, and preparation of technical papers; 

o Short term staff exchanges, including participation in training courses and seminars; 
and 

o 	 Exchanges of training materials, publications, procedure manuals and other 
documentation. 
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6.4.5.3 Establishment of the Twinning Programme 

In order to set up the twinning programme, it is necessaiy to: 

o Establish the objectives and timing of the programme; 

o Prepare terms of reference for the foreign partner; 

o Establish the criteria by which the foreign partner will be selected; 

o Select and execute a contract with the foreign partner; and 

o Identify procedures and staff to monitor and evaluate the twinning programme. 

It is recommended that a short term consultancy be implemented to prepare the details of the 
above steps, including performing the canvassing and evaluation of potentia' foreign 
twinning partners, and assisting in the execution of the twinning agreement. This 
consultancy should be implemented in time that the twinning arrangement can begin early in 
1993, prior to the final stages of plannrig of system operations and of the house connection 
and industrial waste programmes (refer forward to Figure 9.1 in Chapter 9). This will 
require the consultancy to be performed in laie 1992. 

Draft materials for inclusion in the scope of work for such a consultancy are presented in 
Appendix N. 

6.4.6 Privatisation Options 

Privatisation is a potential mechanism for reducing government capital funding 
requirements. The principal privatisation options are reviewed in Appendix M. These 
include: 

o Private retail utility 

o Private retail utility with government oversight 

o Wholesale service contract 

o Facility development contract 

o Operations contract 

A variation of the facility development and operations contracts is the build/operate/transfer 
contract, under which a private organisation constructs, operates for a specified period and 
then transfers to the government the relevant facility. 

If privatisation of water supply and treatment, or wastewater collection and treatment, is 
done competitively, the final costs may be higher or lower than those under public 
ownership. If all other factors are equal, and there is competition between potential 
investors, it could be assumed that the ultimate costs would be decreased by improved 
operational efficiency and that this reduction would be partly offset by the expected return 
on the capital invested by the private owner. If privatisation is undertaken without 
competition, the costs are likely to be higher. If the facilities to be constructed and results 
to be achieved are not well defined in advance, the costs may be lower in the short term but 
the facilities may have a reduced residual value at the end of the privatisation period. 

Privatisation is most likely to be beneficial for a single, self-contained facility requiring a 
large capital investment which can be operated with limited customer interaction. An 
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example could be a combined electricity generation and desalination facility. However, no 
such facility is proposed or needed for water supply in Salalah. 

The principal opportunity for privatisation in Salalah would be to build, operate (for a 
defined period), and transfer to the Municipality the wastewater reclamation plant, because
this is the key capital-demanding component of the system. 

The ultimate decision on whether or not a private organisation should fund and have
ownership rights in the wastewater facilities, or part of them, needs to be based on
ccmpeitive offers received. The decision whether or not to call for such offers is largely a 
political one, to be made in !he light of a judgement as to whether more than one
responsible experienced organisation is likely to be interested in making a serious 
privatisation offer, given the relatively low economic internal rate of return that has been
estimated. The Consultant has no basis on which to estimate the actual financial impacts of 
privatisation. If priva~asation is to be successful, it should make its profit from improved
efficiencies of operation as compared with the public sector and not from reduced level of 
ser ice. To achieve this requircs that clear technical ground rules and a competitive
situation be established. The principal impact on government is the reduced need for capital
funding. However, capital recovery would still need to be paid for along with financial 
returns to the investor. 

If privatisation is to proceed for wastewater reclamation, prequalification documents for 
interested organisations need to be prepared and issued, shorta list of qualified
organisation should be prepared, and final offers should be evaluated by the time that the
detailed designs are completed, so that a decision can be made befoi'e construction 
arrangements are made. 

The basic engineering concepts in the Masterplan represent the best combination of benefit 
to the people and economy. The remaining engineering decisions need to be made on the 
same basis. The key technical concepts should be no different for a public than a private
financier. The competing offerors should be asked to include in their offers proposals for 
any changes in the overall plan. The successful offeror, if the decision is made to proceed
with th. private investor approach, should then have the opportunity to propose design
changes, which may or may not be approved. 

Overall, given the reccat experience in relation to consideration of wastewater privatisation
in Muscat, it appears that the chances of achieving an adequate level of competition between 
privatisation offerors for Salalah is slight. 
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7.0 ENVIRONMENTAL ASSESSMENT 

7.1 Introduction 

7.1.1 Background of Project 

An integral part of the Water and Wastewater Masterplan for Salalah was an assessment ofthe potential environmental impacts of Masterplan facilities. From the outset, it wasrecognised that environmental considerations and the need to preserve or improve theenvironment were important objectives of the Masterplan project. 

The Sultanate of Oman has established a strong commitment to preservation of ail facets ofthe environment. This commitment extends to the natural ecosystem, archaeological,cultural and heritage resources. Based on Royal Decree 10/82, a comprehensive body ofregulations has been developed to protect the Omani environment. The Consultant alsorecognised the need to satisfy USAID environmental assessment requirements as set forth
in 22 CFR 216, "AID Environmental Procedures." 

7.1.2 Omani Environmental Regulations and Pertinent Standards 

It is the objective of the Sultanate of Oman that all development activities, both public andprivate, be conducted in an ep vironmentally sound manner to serve the long-term interestsof the nation and its peopk. Government of Oman policy requires that all development
projects should be safe, should not damage the natural environment or cultural heritage ofthe country and should maintain, and if possible, enhance the amenities of the areas wherethey are located. Ir addition, it is the policy of the Government to improve the publichealth of its citizens through investment in major programmes to improve water andwastewater services. This will be accomplished, with respect to the Dhofar Governorate,
through the implementation of the recommended Water and Wastewater Masterplan for 
Salalah. 

In addition, the Sultanate of Oman has a well-developed system of environmentalregulations administered principally by the Ministry of Environment. (Note that since thisreport was prepared, the Ministry of Environment has been merged with another Ministryto form the Ministry of Regional Municipalities and Environment). The pi imary instrument
for environmental protection in the Sultanate is Royal Decree No. 10/82, Law on the
Conservation of Environment and the Prevention of Pollution, promulgated on 9thFebruary 1982. This Decree provides the overall framework for protection of theenvironment and is the basis for the issuance of regulations covering the use and disposal
of various substances and the conduct of certain activities capable of damaging the 
environment. 

Section III, Article 14 of Royal Decree 10/82 states: 

" Conditions for feasibility studies on projects affecting the environment.
Those submitting feasibility studies on industrial projects, architectural
planning projects or any other projects which may have effects on the
environment must include within such studies a detailed chapter on the 
possible effects of such projects." 

This Article along with the Tender Document provided the basic guidance for theenvironmental studies and analyses which were carried out for the Water and Wastewater 
Masterplan for Salalah. 

Also required under Royal Decree No. 10/82 is the preparation of an Environmental Impact
Statement with the application for any licence for an actual development project. TheEnvironmental Impact Statement must be accompanied by a No Environmental Objection 
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(N.E.O.) certificate issued by MOE. The certificate assures that the proposed development 
activity or infrastructure project has received proper environmental review and that any 
required modifications or mitigation measures have been incorporated into the project 
design. 

Based on continuing consultation with Ministry of Environment officials, the Consultant 
established that the preparation of the "Environmental Impact Statement-Form L for 
Infrastructure Projects" required under Royal Decree No. 10/82 will not be necessary until 
the actual sites for construction of specific water supply and wastewater treatment facilities 
identified in the Masterplan are selected and approved by the Minister of State and 
Governor of Dhofar, and design and construction activities are formulated. At that time, an 
Environmental Impact Statement - Form L for Infrastructure Projects (or a series of such 
statements) will be prepared in accordance with the MOE Guidance Notes for Form L. 
This work will be carried out as part of the Priority Works programme. 

In addition to the guidance provided by the Ministry of Envi,'onment for the assessment of 
the environmental implications of the Salalah Masterplan project, a series of specific 
regulations have been issued by the Ministry of Environment, as well as other Ministries, 
which are applicable to facilities which may be constructed as part of the Water and 
Wastewater Masterplan for Salalah. These include: 

o 	 Ministerial Decision No. 7/84 - Regulations Concerning the Disposal of Liquid 
Effluents to the Marine Environment; 

" 	 Ministerial Decision No. 8/84 - Regulations for the Drainage of Liquid Industrial 

Wastes; and 

o 	 Ministerial Decision No. 5/86: 

- Regulations for Septic Tanks and Holding Tanks; 

- Regulations for Air Pollution Control from Stationary Sources; 

- Regulations for External Building Drainage; 

- Regulations for Wastewater Reuse and Discharge (which apply equally to 
sludge generated during wastewater treatment); 

" 	 Oman Standards No. 8 - Drinking Water Standard of 1978 issued by the Directorate 
General for Specifications and Measurement, Ministry of Commerce and Industry; 

" 	 Ministerial Decision No. 45/88 - Administered by the Ministry of Water Resources 
- Salalah Water Supply Well Field Protection Zones and Action Plan (originally 
issued according to decision of the former Council for Conservation of 
Environment and Water Resources No. 2/2/2(1)/87); 

" 	 Royal Decree No. 82/88 - Declaring groundwater reserves to be "a public national 
wealth" to be managed by the government; 

" 	 Royal Decree No. 100/89 which established the Ministry of Water Resources and 
its responsibilities related to water management, data collection and monitoring, 
studies and sampling; 

o 	 Ministerial Decision No. 2/90 of the Ministry of Water Resources - Regulations for 
the Registration of Existing Wells and New Well Permits; 
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o Royal Decree No. 52/88 which provided for establishment of a nature conservation
authority within thn Ministry of Environment (specific nature conservation areas in
the Salalah region have been designated by order of the Diwan of Royal Court); 

o Royal Decree No. 69/81 endorsed Oman's becoming a signatory to the UNESCO
International "Convention Concerning the Protection of the World Cultural and
Natural Heritage" and assigned authority to issue regulations for protection ofcultural and archaeological resources to the Ministry of National Heritage and 
Culture; 

o 	 Ministerial Decision No. 20/90 under the authority of the Supreme Committee for
Town Planning establishing "Coastal Setback (Buffer) Zones" to conserveecological, recreational, cultural and scenic reserves along the Salalah coastline; 

o 	 Draft law for Rangeland and Forestry and Draft Regulations for Agricultural
Chemicals Disposal to be administered by the Ministry of Agriculture and Fisheries; 

o Draft regulations for Solid (non-hazardous) and Hazardous Wastes being prepared
by the Ministry of Environment; 

o Proposals to establish a system of Nature Conservation Areas and preparation of a
National Conservation Strategy by the Ministry of Environment; 

o 	 Building Regulations of 1981 to which sewage systems must conform as per
Articles 68-78; 

o 	 Physical Planning Standards of 1988 of the Supreme Committee for Town
Planning including those for water supply, sewerage and sewage treatment,irrigation, surface water drainage and flood control, and solid waste collection and 
disposal; and 

" 	 Sub-regional Land Use Plans, as approved by Decision No.6 of the Planning
Committee for Development and Environment in the 	Governorate of Dhofar,
December 1990. 

Key elements of the most pertinent regulations are contained in Appendix H. 

7.1.3 	Omani-American Joint Commission (USAID)
 
Environmental Requirements
 

In addition to the environmental regulations defined under Omani law, the TenderDocument for the Masterplan project called f-r adherence by the Consultant to USAIDenvironmental regulations embodied in 22 CFR 216, "AID Environmental Procedures."
These procedures call for an initial determination by USAID - Washington as to the depthof investigation required for the project. The Project Paper prepared for the OAJC WaterResources Project 272-0104 indicated that adherence to relevant Omani regulations would
be seen to serve as fulfillment of the 22 CFR 216 requirements. 

However, it was stipulated that if an ocean outfall for effluent disposal was contemplated, afull Environmental Impact Statement (EIS) would 	be required. Since none of theMasterplan Alternatives include provision for a marine outfall, no marine EIS is planned. 

It is anticipated that preparation of this environmental summary, together with Appendix H,should satisfy USAID requirements for the Masterplan. However, this requires
confirmation from USAID - Washington. Additional detail concerning AID environmental 
procedures is contained in Appendix H. 
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7.1.4 Masterplanning Approach to Environmental Issues 

The planning objectives for the Water and Wastewater Masterplan for Salalah included the 
provision of facilities to meet projected potable water demands, and to treat and dispose of 
the wastewater generated. The 1990 population of Salalah including Raysut, is estimated 
to be 77,000, and is expected to increase to 183,000 by 2010. Increases of similar 
magnitude are anticipated for Taqah, Mirbat and Sudh. 

These 	basic population growth trends, together with agricultural, institutional and 
industrial/commercial water demand, will directly affect the availability and consumption of 
water over the planning period for the Masterplan. Trends in key environmental issues 
influenced the framework within which the Masterplan alternatives were developed. These 
issues included aquifer contamination from septage; groundwater salinity increases; 
location of sensitive environmental resources and designated conservation areas: potential 
groundwater pollution by industrial wastes; and wadi and khor contamination from 
inappropriate septage disposal practices. 

As a process, the masterplanning activity was highly interactive and dynamic. Rather than 
defining a strictly facility-oriented Masterplan, the planning process was issue-oriented and 
conducted within a framework that accorded compliance with key environmental laws and 
regulations a high priority. 

To achieve a high degree of environmental awareness within the masterplanning process, a 
project environmental plan was developed and followed. The basic environmental plan for 
the Masterplan study consisted of several sequential steps that included: 

o 	 Definition of baseline environmental conditions; 

" 	 Evaluation of the impact of various Masterplan facilities and operations on those 
baseline conditions; 

o 	 Active efforts to avoid siting of any Masterplan facilities in areas of environmental 
sensitivity; 

o 	 Development of mitigation plans where necessary to minimise the negative impact 
of planned Masterplan facilities and operations; 

o 	 Identification of specific issues which require additional study and assessment prior 
to Masterplan implementation; and 

o 	 Preparation of this detailed chapter on environmental assessment of the Masterplan 
for inclusion in the Final Report. 

Definition of baseline environmental conditions in the Salalah area was initiated early in the 
study by the Consultant. Considerable background information from previous studies and 
reports was reviewed and compiled. Interviews with various technical authorities were 
also conducted. Field evaluations of various sensitive environmental areas, visits to 
historical and archaeological sites and assessments of land use, agricultural and livestock 
production systems were made, along with analysis of broad socio-cultural patt:ns. These 
data provided a framework within which to evaluate the environmental aspects of various 
elements of the Masterplan as they were developed. 

During the definition of Masterplan Alternatives, an assessment of potential environmental 
impacts, both positive and negative, was made, and became one of the bases by which the 
various Masterplan Alternatives were measured. In some cases, environmental concerns 
became a pivotal factor in evaluation of alternative options. 
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Through interaction within the Project Team and with the Dholar Municipality Liaison and
Technical Committees, potential Masterplan components and siting alternatives were
identified at an early stage and were either determined to be environmentally acceptable,
modified to be more environmentally acceptable, or eliminated from further consideration. 

Throughout the masterplanning process, the Consultant worked closely with the relevant 
Departments and Directorates of the Dhofar Municipality and other involved Ministries and
agencies to ensure that all relevant environmental issues, laws and regulations were taken 
into account in the study. 

7.2 Proposed Facilities and Alternatives Considered 

Based on the findings of the masterplanning process, a number of parameters were
identified which helped define the scope of the environmental assessment. The assessment 
model is based on the following assumptions and conditions: 

" 	 The facility and action planning period is 1991 to 2010, based on a planning 
horizon of 2020; 

" 	 Currently, there is an annual fresh water deficit of about 8 million cubic metres and
the volume of the Salalah Plain fresh water aquifer is decreasing and will continue 
to do so without augmentation or planned 	remediation; 

o 	 The population of Salalah is expected to increase from 77,000 in 1990 to 183,000
in 2010 and reach a saturation density of about 208,000 by 2020; 

o Potable water demand is expected to increase from about 19 megalitres per day in 
1990 to 46 megalitres per day in 2010; 

o Water quality of the Salalah fresh water aquifer is at risk due to seawater intrusion,
lateral encroachment of brackish groundwater, and potential pathogenic
contamination due to soakaway septage infiltration; 

o 	 A sustainable water supply is needed that will conserve fresh water reserves while 
at the same time meet projected demand; 

" Additional water supply sources are needed for communities at Taqah, Mirbat and 
Sudh; 	 and 

o 	 Wastewater management is an 	 integral part of the Masterplan and offers
opportunities for maintaining a sustainable fresh water supply through collection 
and treatment of wastewater and recharge of the fresh water aquifer with reclaimed 
water. 

The Masterplan Alternatives considered in this assessment were as follows: 

" Alternative A - Desalination and new water sources; effluent 
reuse for irrigation in the brackish water zone and 
partial disposal;" 	 Alternative B - Moving fodder production plus new water 
sources along with effluent reuse for irrigation in 
the brackish water zone;o 	 Alternative C - Moving fodder production plus aquifer recharge 
with reclaimed water. This is the Proposed
Action presented in the following section;o 	 Alternative D - Aquifer recharge with reclaimed water, plus new 
water sources; and 

o 	 No Action 
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Each of the Masterplan Alternatives considered, including the No Action alternative, 
anticipates continuing potable water supplies from the present Salalah wellfields. Each of 
the Masterplan Alternatives considered, with the exception of the No Action alternative, 
incorporates the construction of a new sewerage collection and conveyance system for 
portions of Salalah as well as anl advanced wastewater treatment facility for Salalah 
consisting of an activated sludge secondary treatment plant with tertiary treatment polishing 
processes. Each of the treatment plant siting alternatives considers sludge disposal via 
landfill storage with potential agricultural reuse and alternative effluent reuse and disposal 
schemes. 

Masterplan Alternative C is the option recommended by the Consultant. In the discussion 
that follows "the Masterplan" refers to this alternative. Detailed descriptions of the 
Masterplan Alternatives are contained ir, Chapter 3. 

7.2.1 Description of Proposed Water Supply Facilities 

The programme of water supply facilities for Salalah consists of continued potable water 
supply from the existing supply system, together with installation of two new wells at the 
Saada wellfield and four at the Salalah wellfield to increase water supply capacity to some 
58 MLd by 2010. Additional hydrogeological investigations will be undertaken to confirm 
the feasibility of these new well sources. 

Distribution improvements will be developed in phases. Distribution system improvements 
in Stage 1, Phase 2 (by 1995) will include 6 km of 600 mm and 300 mm diameter water 
mains from the Saada reservoir to Saada North; subsequently in Stage i, Phase 3 (by 
2000) the 4.5 kin of 600 mm main will be added to serve North Sahalnawt. Similarly, two 
subsystem improvements will enhance the Salalah Wellfield: 9.0 km of 900 mm main to 
the vicinity of Qaboos Hospital in western Salalah; 9.4 km of 450 mm lines, 1.7 km of 300 
mm lines, a booster pump station, and distribution reservoir to serve North Awqad, the 
New Industrial Area, and Wadi Daha. An additional 3.5 km of 300 mm lines will improve 
water service to Al Husn Palace and to the coastal areas of Al Hafah, Al Hasn, and Al 
Baleed. Stage 1, Phase 3 (by 2000) improvements will include 13.1 km of new mains 
between Awqad and Raysut, 15.6 km between the Salalah wellfield and the eastern low
lying areas of Salalah; 7.3 km for extension mains between Saada reservoir and North 
Sahalnawt; and 4.6 km of main to serve the eastern coastal area of Salalah from Dhariz. 
Map 3 (Map Volume) shows the general location and layout of these facilities. 

In addition to source augmentation, the Masterplan includes adoption of a variety of water 
conservation measures and improvements in irrigation efficiency. These include relocation 
of the fodder production operation of the Dhofar Cattle Feed Company Garsiz Farm off the 
fresh water aquifer, probably north to the Nejd. The Masterplan also includes several 
hydrogeological studies of groundwater resources at alternative future supply sources 
including: Taqah - Wadi Darbat area, and the Eastern Jebel Front, Western Jebel Front, 
and the Wadi Adawnib Catchment. 

7.2.2 Description of Proposed Wastewater Facilities 

The proposed wastewater system for Salalah will consist by 2010 of a collection and 
conveyance system, a wastewater reclamation plant, aquifer recharge and disposal systems, 
about 400 km of lateral and trunk sewers, 16 pump stations, 32 km of force mains with 
100 km of branch and local sewers and 26,000 service connections. The alignment of the 
conveyance system is shown in Figure 5.2. The primary main will convey sewage from 
Saada, the c ntral city districts, and Awqad, utilizing 4 major pump stations as indicated in 
the figure. The pump stations will have submersible pumps powered from direct line 
connection to the Sala!ah power grid and standby power generators. Standby pumps will 
be provided. Pump stations will be compl'tely enclosed and fenced from public access. 
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The wastewater treatment plant will have an initial 20 MLd treatment capacity to beexpanded to 40 MLd by 2010. The facility will be a three-stage reclamation plant with adesign influent wastewater strength of 375 milligrams per litre BOD and 440 milligrams perlitre suspended solids. All components of the treatment facility, including space for future
expansion, will require approximately a 10 ha site. 

The proposed treatment process train includes primary through tertiary treatment, includingscreening, primary sedimentation, activated sludge with nitrification and denitrification,secondary sedimentation, coagulation and filtration, chlorination, effluent disposal schemes
and sludge dewatering and stabilisation for landfill disposal and future agricultural reuse asappropriate. A detailed description of the proposed facilities is included in Chapter 5.0. 
The level of effluent treatment to be achieved at the wastewater treatment plant will meet or surpass the Omani standards for wastewater reuse and discharge as shown in Table 7. I. Itwill also meet the nitrate (10 mg/L as N) and coliform requirements of the drinking water 
standards. 

TABLE 7.1 Key Components of Omani Standards for Wastewater 
Reuse and Discharge 

Parameter Maximum Monthly Average 
(mg/L) (rng/L) 

Biochemical oxygen demand 
Total suspended solids 
Total nitrogen 
Kjeldahl nitrogen 
Ammonia nitrogen 

15 
15 
50 
10 
5 

10 
10 
30 
5 
1 

Total coliforms (MPN/100 mL) 23 2.2 

Source: Ministerial Decision 5/86 

The sludge will be dewatered and stabilised at the wastewater treatment plant and will bestockpiled at the Raysut Landfill for possible agricultural reuse after 6 months storage.
Trade industrial wastes will be excluded from the plant. 

The proposed Wadi Daha wastewater treatment plant site is located adjacent to the RaysutCement Factory, about 3 km from the coast. The general location of the plant site and thelayout of the collection systems are shown in Figures 5.1 and 5.2. Areas of environmental
significance and potential impact are shown in Figure 7.1. 

The Masterplan includes provision for treatment at the Wadi Qaftawt stabilisation ponds ofwastewater from the Raysut Industrial District and part of the New Industrial Area. Thiswill ensure that liquid trade industrial wastes will not be put into the central sewerage
system for treatment by the wastewater reclamation plant. 

In order to handle anticipated expanded wastewater quantities through the year 2020 arisingfrom the industrial areas as well as tankered septage from the remaining unsewered parts ofSalalah, the Wadi Qaftawt waste stabilis" -ion pond facilities will require expansion by2000. Additional studies are proposed to evaluate the expansion requirements of the Wadi 
Qaftawt facility. 
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7.3 Existing Environment 

7.3.1 General Setting 

For purposes of defining the baseline conditions of the environment that could potentially
be affected by implementation of the Masterplan, the following discussion addresses the 
resources within the Masterplan Project Area. However, the baseline that is likely to beaffected by any action will be a small part of the overall area. The potentially affected
environment includes the area consided for the Masterplan water supply and wastewater
planning (Figure 7.1), consisting of the Salalah Plain between Raysut and Mirbat and north 
to the summit of the Jebel Al Qara at Qairoon Hairitti. The project area encompasses some 
2,000 square kilometres. 

7.3.2 Physiography, Climate and General Geology 

The crescent-shaped escarpment that surrounds the Salalah Plain varies in elevation from
800 to 1,800 m above sea level. The south-facing slopes of the Jebel Al Qara are typically
steep and deeply incised by narrow wadis. The northern slopes which comprise the Nejd
are more gradual, sloping approximately parallel with low angle bedding of a Tertiary
limestone sequence. There are two topographic units bordering the Salalal Plaii - Jebel AlQamar and Jebel Al Qara. The Zalawt Plain to the east is bordered by Jebel Samhmn. The
maximum elevation of the Jebel Al Qamar is 1411 metres, for Jebel Al Qara it i._1060 
metres, and for Jebel Samhan it is 1812 metres. 

The plain consists of a sandy coastal zone rising northward to hilly terrain at the base of the
Jebel. The Jebel front is a steep limesione slope with terraces of colluvium, alluvium and
conglomerates deeply incised by wadi valleys. Surface elevations of the base of the scarp
range between 80 and 150 metres. Springs occur at the base of the Jebel where low
permeability limestones create hydraulic barriers. Generally the springs emerge at the break
of slope at the base of valleys or gorges which extend up into the Jebel. Pools that are
spring fed exist in some of the larger wadis. The wadis however are generally dry on the 
Salalah Plain. 

Drainage is poorly developed, with a network of minor tributaries contributing to theshallow wadis which traverse the plain. The wadis flow following periods of extreme
rainfall, often as flash floods. As a result, the channels are straight and laterally
discontinuous. Within these channels there is a poorly sorted assemblage of reworked
conglomerate pebbles, sands and silts. The lack of clearly defined terraces within the

existing flood courses indicates the degree of immaturity of the modem drainage system.
 

The Zalawt Plain between Mirbat and Sudh is developed on a basement of Precambrian to
Early Palaeozoic crystalline rocks. The dissacted plain slopes evenly to a rocky coast.
Sand beaches occur within embayments along the shoreline. Drainage is better developed
on this plain, with wadis trending southeast parallel to basement lineations. 

In the Dhofar iegion the geology is dominated by a broad gently dipping belt of Tertiary
limestones which extends from the Jebel Al Qamar and Jebel Al Qara northwards beneath
the Nejd and into the Rub Al Khali Basin. These deposits are part of the Arabian Shelf and 
many units can be traced across the entire Arabian Peninsula to eastern Saudi Arabia. 

The Tertiary sequence in southern Dhofar is terminated abruptly by a combination of
anticlinal folding and block faulting. Uplift, faulting and gentle folding elevated early
Tertiary sediments at least 1000 metres, creating the Jebel Al Qara and the Nejd (Flint and
Rippon, 1986). Downfaulting to he south has resulted in the formation of the Salalah
Plain. Rocks belonging to the Arabian Shield are -!so present in Dhofar, outcropping as
the Mirbat crystalline complx on the Zalawt Plain. The outcrop is limited to the north by
high Tertiary limestone cliffs and to the south by the sea. This exposed upper Tertiary 
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sequence exhibits limestones deposited under shallow water marine conditions overlain by, 
and in part in!erbedded with, terrestrial alluvial and colluvial deposits. 

Soils throughout the Masterplan Project Area are mainly calcic yermosols and some gypsic 
yermosols derived from limestone and gypsum regolith. These soils are typically 
hyperthermic, mineralized soils with low organic content. 

Although Dhofar is located within the hot, dry tropical zone, the topographic relief an. 
southwesterly winds, with ocean upwelling of cold water help to create an annual 
monsoonal season from mid-June through early September. During the monsoon (or 
khareef) temperatures drop about 5 degrees centigrade on average and precipitation 
increases, both as rainfall and intercepted fog moisture. The monsoon is localised and 
largely restricted to the plain and Jebel areas between Mughsayl and Mirbat. During the 
remainder of the year rainfall is sporadic and infrequent. Tropical cyclones that originate 
over the Arabian Sea may on rare occasions generate high winds and torrential rain. r rom 
late October through March, strong dry northerly winds may occur. For the balance of the 
year winds are southerly to westerly. 

7.3.3 Water Resources 

Water resources are part of the national wealth and all regulation pertaining to the use of 
water originates in Islamic Law. Under Islamic Law, the concept of "ownership" of water 
is taken to imply control or containment (in a reservoir) of the water. Thus, groundwater 
can be only be "owned" when it is "controlled", i.e. brought to the surface and stored or 
used. The occurrence of water at the surface in the form of springs creates a commodity 
which can be owned. 

7.3.3.1 Groundwater 

The fresh groundwater reserves which underlie the Salalah Plain are the principal water 
resource for the area. The aquifer is a shallow assemblage of limestones and r.luvium 
which receives recharge mainly in the form of subsurface flow from the Jebel, although 
spring flow at the foot of the Jebel and localised rainfall events and flooding also contribute 
to storage. 

The groundwater quality varies from fresh (less than 2000 microsiemens/cm) in the central 
plain to brackish (2000 to 5000 microsiemens/cm) in the eastern and western plain areas. 
Groundwater with salinity exceeding 5000 microsiermens/cm is also found in some areas of 
the plain such as North Av. .!ad, Raysut and east of Razat Farm. The Salalah and Saada 
wellfields in the central plain extract groundwaler with low salinities (600 to 800 
rnicrosiemens/cm) from close to the Jebel recharge areas. 

The reserves of fresh groundwater have been estimated at 339 million cubic metres but the 
aquifer is currently being overabstracted, with consumption of fresh groundwater 
exceeding recharge by approximately 8 nillion cubic metres annually. The deficit in the 
fresh water budget is being taken up by encroachment of brackish water into the low 
salinity zone. Groundwater quality on the southeastern flank of the fresh water zone is 
deteriorating as a result of this encroachment. 

The fresh water zone is thickest in the cential plain where fissured limestone is well 
developed and storage is enh-nced by solution cavities. The western margin is abrupt, 
reflecting the influence of structural controls on the transmissi'ity distribution, but the 
eastern margin is gradational suggesting that the lithological character of the aquifer 
progressively changes from west to east. To the north the aquifer is a deepened trough of 
low salinity water running parallel with the Jebel Front which may have formed as a result 
of structural activity. 
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The brackish groundwater aquifer covers a larger area but contains less reserves than the
fresh water zone. Brackish water is used for a variety of agricultural activities, in some 
cases being mixed with fresh water from springs. Greater use could be made of this
brackish water for alternative purposes such as military, industrial and commercial 
requirements. 

7.3.3.2 Surface Water 

On the Salalah Plain surface water results from the appearance of groundwater as springs
or as a consequence of a local rainfall event. Extended or heavy localised rainfall can result 
in surface flows along the wadis. 

Springs may flow continuously throughout the year or intermittently only during or after
the monsoon. The PCDEDG has recorded 201 perennial and annual springs in the Dhofar
region, but this is by no means a complete record. There are five main perennial springs
flowing onto the Salalah Plain - A. Garsiz, Ain Sahalnawt, Ain Arzat, Ain Hamran and
Ain Tubrok. Based on observations ma,.: by MWR, it has been estimated that the average
annual flow of these springs amounts to 9.68 million cubic metres per year. The response
of these springs to the monsoon is fairly rapid, generally occurring within two months.
Traditionally this water has been used by the local population through f'alaj systems (lined
channels). Ain Garsiz, Ain Sahalnawt and Ain Arzat are now used to supply irrigation
water to large farms on the Salalah Plain. 

Leger Spring issues from the base of the cliffs of Jebel Samhan onto the Zalawt Plain. It 
represents the main water supply to Sudh and other small communities and settlements in
the area. Leger Spring, like other springs on the Jebel Front, is derived from the Lower 
Umm Er Radhuma limestone. 

Perennial surface water occurs in khors along the coast. A khor is a brackish body of 
water at the coastal outlet of a wadi separated from the sea by a sand bar. Although a khor 
may have similar origin to that of a spring, t)eing basically a surface expression of the water
table, there is cont -ct with seawater. The fresh groundwater initially flows above the saline 
water because of density differences, but through mixing becomes progressively more
brackish as it flows sea tird. Water entering the khors has essentially been lost from the
fresh water system. As a source of usable brackish water khors may be underutilised,
although some khors were formerly used for irrigation purposes. The most common 
current usage of the khor is for stock watering. 

7.3.3.3 Water Quality 

On the Salalah Plain most of the low salinity groundwater is that which is recharged
annually and moves rapidly from the Jebel Al Qara. Isotope studies have confirmed that 
most retharge is derived from monsoon water which falls in the Jebel (PAWR, 1986). The
salinity variations which occur across the plain are primarily a function of the rate of flow
of water through the unconfined aquifer and solution of salts in the rock. 

Where hydraulic conductivities are low the water residence times are high. Naturally
occurring salts in the soil are flushed into the aquifer during localised recharge events over
extended periods of time, combining with the connate salts and those which have been
transported laterally with tL- groundwater flow. Further concentration of the salts occurs as 
a result of evaporative concentration in areas where the water table is exposed. 

The groundwater in the aquifer shows significant salinity stratification. Electrical 
conductivity profiles produced by the Ministry of Water Resources generally show low 
salinity water overlying more saline water. 

With the continuing deficit in the fresh water budget, seawater intrusion coupled with
lateral brackish water mixing is reducing the volume of the freshwater aquifer. The 
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municipal water supply is abstracted from the Salalah and Saada wellfields upgradient from 
the ccmmercial, industrial, and agricultural areas of Salalah where potential for aquifer 
pollution is greater. 

The extent of pollution from agriculture and industry has been studied. Survey data 
(Appendix H) indicate that significant point-source pollution is not a problem at present, 
although some hydrocarbon and metallic contaminants may be infiltrating into the aquifer 
downgradient of the wellfields. Measures are being taken to control this problem; land use 
zoning precludes encroachment of such sources into the protected wellfields, and industrial 
waste disposal is not permitted in the protected wellfield infiltration zone. Non-point 
disposal and frrigation infiltration laden with agro-chemicals need further study. 

7.3.4 Terrestrial and Aquatic Resources 

The plants and animals occurring in Dhofar are for the most part related to species found in 
subcontinental Asia and in Africa. However, some endemic species, such as the Jebel 
woodland tree Anogeissus dhofarica, occur only in Dhofar. Still other species have been 
introduced to the area over the long period of human activity. Some of these exotic species 
have become nuisances, e.g., weeds and vermin such as rats, feral cats and dogs. Most of 
the native large fauna, including the native oryx, gazelle and leopard have been eliminated 
or severly reduced in numbers. 

The loss of habitat probably accounts as much for the decline of wildlife populations in the 
Salalah Plain as has hunting, fishing and direct exploitation. The conservation of wildlife 
and their habitats has taken on added importance in recent times and habitat protection is 
one of the primary means used in Dhofar for sustaining wildlife resources. 

Figure H. I (Appendix H) shows the location of sensitive environmental areas, including 
khors, which are recognised as natural resource areas and important ecological habitats. 
All are habitats for a variety of brackish water aquatic life and some support unique 
assemblages of fish species and bird life. Khor Salalah is a protected nature reserve and 
bird sanctuary. Khor Balid also has national significance as an archaeological site. 

7.3.4.1 Aquatic Resources 

Wetlands are associated with springs and khors. The associated riparian vegetation in 
wadis near springs and khors exhibits robustness and in some cases composition 
specificity. Ficus riparian gallery forest occurs at Wadi Darbat, Ain Tubrok, and other 
major springs. Pools at the larger springs, such as Wadi Darbat and Ain Arzat, support a 
profusion of aquatic and littoral plant species. 

The hydrogeological characteristics of khors distinguish them from lagoons and estuaries. 
Unlike lagoons, khors are subject to fresh water recharge, but are composed of brackish 
water, the salinity of which is recognised in Arabic as "khor" for those that are brackish 
and "qurm" for those that are hypersaline. Unlike estuaries, khors are cut off from the sea 
by a natural sand bar. Khors that have large wadi drainages receive fresh groundwater 
inflow from upgradient, while seawater infiltrates through or over the sand barrier, 
resulting in a brackish water pool of somewhat stable salinity. 

Episodal flood flows (at a frequency of about one in seven years) can abruptly destroy the 
hydro-ecological order of a khor, first by dramatic freshwater inflow and second by 
breaching the sand dune barrier to the sea. The khor is flushed out as a freshwater 
estuary, then as the runoff subsides, direct seawater intrusion converts the khor to a 
saltwater pool, with ample time for inter-tidal fishes and brackish water tolerant marine life 
to invade. Subsequent sand barrier generation again isolates the khor from the sea and the 
prevailing brackish water regime is restored along with a new stock of colonizing brackish 
water species. 
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Khors are of considerable importance in that they are sensitive ecological areas and are
ecologically vulnerable because of their proximity to upstream sources of contamination.
Fish kills have occurred in Khor Dhariz which have been attributed to contamination from
uncontrolled upstream septage disposal into its tributary, Wadi Sahalnawt. Table 7.2 lists
the khors and associated wadi drainages that are located in the Masterplan study area. 

TABLE 7.2 Khors located in the Masterplan Area 

Khor Principal Drainage Habitat Masterplan 

Raysut 
Al Qurm As Saghir 

Thet (Al Qurm As 
Kabir)
Awqad (West Khor) 
Salalah 
Balid 
Dhariz (East Khor) 

Notes: 
Wadi Adonib 
local drainage 

Wadi Thet 

Wadi Saarit 
Wadi Sumr/Wadi Thimrin 
local drainage/Wadi Larsis ? 
Wadi Sahalnawt 

Aspect 
[I] 
BV 
HM 

HM 

BV 
BW 
BW 
BW 

Facility Proximity 
[2] 

a (0) 
a(0.5), b(4.0),
c(0. 1), d(4. 1) 
b(4.5), c(0.1), d(4.2) 

b(5.0), e(O.7) 
c(O.7), e(0.5) 
c(1.5), e(O.8), f(2.5) 

Arzat 
Sha'a (1and II) 
Al Awsatt 
Za'atri 
As Alsa 
Jnawf (Al Qarm) 
Sawli 
Taqah 
Rawri 

plains and local drainage 
Wadi Arzat/Wadi Khaysh 
local drainage 
Jebel front and plains 
local drainage 
Jebel front and plains 
Wadi Khasbat 
Jebel front and plains 
Wadi Darbat 

BV 
HM 
HM 
HM 
HM 
HM 
BW 
BW 
BW 

g(9) 
g(9) 
g(8) 
g(8) 
g(7) 
h(0.5) 
h(O.5) 
h(0.5) 

Notes: 

I. 	 Habitat aspect: BV - brackish water-variable habitat; BW-brackish water-wetland 
habitat (reed-beds); HM - hypersaline mangrove.

2. 	 Masterplan Facility Proximity (approx. distance in kilometres in paraithesis): a -
Wadi Adawnib and Jebel Front water supply exploration area; b - Wadi Daha 
wastewater treatment site and disposal well injection area; c - Wastewater collector 
system; d - Wadi Daha disposal infiltration bed option; e - traditional farm belt
injection well system; f - Garsiz Farm recharge injection well system or infiltration
bed option; g - Eastern Jebel Front water supply exploration area; h - Taqah - Wadi
Darbat water supply exploration area. 

7.3.4.2 Plant Communities 

The gradation of plant community types progresses from coastal halophy'ic species and
marine coastal vegetation to desert and plains communities, Jerbeeb and Jebel escarpment
woodlands, and plateau grasslands (Miller and Morris, 1988). The resolution of the
community-types (Appendix H) is primarily at the association, series, and sub-series level
in regard to species overlap among the different range types. The species similarity
between the different types cannot be easily explained by climate. Nct only are there
differences in the effect of the monsoon between the Salalah Plain and the Jebel, but the
climate at Qairoon Hairitti borders on sub!ropical because the temperature drops below
freezing on occasion. Extensive grazing pressure on the other hand may be suppressing
species diversity among the rarer, and more palatable, species of plant life. 
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Over much of the Salalah Plain the vegetation consists of Lirnonium scrub, annual grass 
(including Dichanthiun micranthun),and Acacia or Boswellia shrubbery along wadi 
courses. There are several community types that deserve special attention du; to their 
uniqueness, limited distribution, or ecological aspect. Spring and wadi wetlands, 
mangrove wetland, and Ficus-dominated riparian woodland are confined to the springs,
wadi pools, and khors and collectively occur in less that one percent of the Project Area. 
Frankincense (Boswellia sacra)growsalong dry wadi courses away from the effects of 
monsoonal mist but where benefit of cool monsoonal breezes occur (Miller and Morris, 
1988). However, stands of frankincense grow in Wadi Adawnib just below the monsoon 
fog zone. The quality of the frankincense is considered inferior to that of stands growing 
beyond the mist zone toward the Nejd and it may be that this occurrence along Wadi 
Adawnib reflects planting during the frankincense trading period. 

7.3.4.3 Wildlife Resources 

Dhofar wildlife includes over 200 species of birds of which about 75 percent are palearctic 
(Asian) specics. On the Salalah Plain, khors and wetland areas attract waders, waterfowl 
and shorebirds. 

With the exception of the fox (Vulpes vulpes), large and intermediate-sized mammals are 
uncommon on the Salalah Plain. Evidence of small mammals is common throughout the 
plain, Jerbeeb, and the Jebel. 

Some twenty species of herptiles (reptiles and amphibians) range into the Salalah Plain and 
the surrounding Jebel. Most are widely distributed about the plain or are identified with 
specific habitats, including khors, springs, rock outcrops and canyons, and gallery forested 
areas. 

Very little is known about the inland fisheries. Most of the springs have populations of at 
least two species of spring fish. The khors likewise have not been thoroughly investigated 
for faunal composition. 

7.3.4.4 Endangered Species 

Royal Decree 10/82 defines all natural biota as natural wealth. The Ministry of National 
Culture and Heritage maintains the official endangered species list for Oman and several 
species have been given protected status through subsequent decrees and Ministerial 
Decisions (Appendix H). 

Among the listed endangered birds and mammals the caracal (Caracalcaracal),Arabian 
gazelle (Gazellagazella cora), masked booby (Suladactylatramelanops), socotra cormorant 
(Pahlacrocoraxnigrogularis)white stork (Ciconiaciconia),lappet-faced vulture (Torgos 
tracheliutus), golden eagle (Aquila chysaetos), osprey (Pandianhaliaetus),scoty falcon 
(Falco concolor), roseate tern (Sterna dougallii), and white-cheeked tern (S. repressa) 
occupy habitat or range into the Masterplan project area. None of these species are known 
to occupy areas being considered in the Masterplan, i.e., facility sites and areas identified 
for water supply development. 

Of the five species of sea turtles listed as endangered, two species are known to lay eggs on 
sandy, isolated beaches along the Salalah Plain. These species are the loggerhead turtle 
(Caretacaretta)and the green turtle (Cheloniamydas). 

Most of the endangered plant species that could be directly affected by Masterplan 
development are endemic species and locally common, most notably the annual grass 
(Dicanthium micranthus) which is prevalent in the Salalah Plain and Jerbeeh during the 
khareef. Frankincense (Boswellia sacra), which is listed as a species of concern, is 
common in the wadi courses around Raysut. Mangrove (Avicennia marina) which is an 
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endangered species and native to Oman, occurs in khors Al Qurm As Saghir, Thet, Sha'a,
Al Awsait, Za'atri, Al Alsa and Jnawf. 

The protection of biotic resources is controlled by huniing ind fishing regulations, licences,
permits ard the establishment of protected areas and set-aside areas. Khors are recognised 
as natural resource areas and important ecological areas. Khor Salalah is a National Bird 
Sanctuary for the purpose of maintaining a habitat for birds and aquatic wildlife. Figures
11-1 and H-2 (Appendix H) show the location of designated nature reserves, beach set
aside zones, and protected areas. 

7.3.5 Nature Conservation Areas 

The Ministry of Commerce and Industry (MOCI) designated a number of areas as nature 
reserves (NR's) under the authority of Decree No. 26/79. This designation was reinforced 
by the Sub-regional Land Use Plan (SLUP), which defined zones of "open access" and"restricted access". A protected area includes a buffer zone, and prohibition of all forms of
industrial and commercial use, sewage/slurry discharge, sewage/compost/cesspit facilities 
and use, settlement, agricultural use, livestock grazing, artisanal or recreational fishing,
timber cutting, unauthorised collecting of specimens, vehicle access, and mincral 
exploitation (Atkins, 1990). 

The following areas of the Masterplan study area have been designated as restricted access 
in the SLUP and NR's by MOCI (see Appendix H, Figures H.I and H.2): 

o Khor Salalah - fenced 
o Khor Balid - fenced 
o Khor Dhariz - vehicle access restricted to established roads 
o Khor Sawli - limited vehicle access 
o Khor Taqah - limited vehicle access 
o Khor Rawri - vehicle access restricted to established roads 
o Jebel Samhan - limited vehicle access 
o Wadi Naheez - vehicle access restricted to established roads 

7.3.6 Public Health 

A number of waterborne diseases which occur in the tropics are associated with impure
water supply and improper wastewater disposal. Among them are cholera, diarrhoea and 
enteritis, infectious hepatitis, typhoid and paratyphoid, shistosomiasis (bilharzia),
amoebiasis, shigellosis (bacillary dysentery), malaria, dengue, filariasis, and encephalitis
(McJunkin, 1975). The prevalence of the these diseases in the Salalah area is not high
compared with other areas in the humid tropics. Table 7.3 is a compilation of the incidence 
of water-related diseases abstracted from records maintained by Qaboos Hospital, Salalah. 
While incomplete, these statistics suggest an overall reduction in the incidence of these 
diseases over the past several years. 

That the incidence of these diseases has not increased during the period of record is 
attributed to a good municipal potable water supply, the public health programme, and
public awareness. The control of malarial mosquitoes, for example, has been an on-going 
programme in the Salalah area (Dr. Mohmoud Abd Alaziz Shaban, Supt. Health Affairs, 
pers. comm.). The insecticide spraying program for 1990 included insecticide application
at wells, basins and ditches. However, there have been outbreaks of bilharzia along the 
Jebel Front associated with the presence of the livestock and snails (species that are the 
intermediate host of the disease) in several of the major springs. Molluscides have been 
used to eradicate the snails. There have also been public health alerts regarding risk at 
Khor Dhariz due to septage infiltration and related contamination (Appendix H). 
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TABLE 7.3 Incidence of Water-Related Diseases in Salalah 

Bacillary Enteritis & other Infective Typhoid fever, 
dysentery & diarrhoeal hepatitis (B & pai .-typhoid & 
amoebiasis diseases others) other salmonella 

infections 

1975 (8 months 1,110 3,603 93 37 
only) 

1976 (no figures - - 

available) 

1977 (New 3,367 8,006 212 97 
Qaboos Hospital 
opened 22-1-1977) 

1978 2,459 5,220 148 21 

1979 1,123 6,733 203 .35 

1985 191 3,682 45 

1986 332 4,603 87 13 

1987 118 6,908 106 47 

1988 198 4,651 90 6 

1989 95 4,190 73 23 

1990 3 1,193 57 9 

Source: Qaboos Hospital, Salalah 

Due to the absence of a municipal sewer system in Salalah, domest; wastewater is 
dischirged to holding tanks, septic tanks with soakaway or soakage pits, md corcrete 
perforated tanks that allow seepage. Only about 2 percent of the homes in Salalah are 
considered to have proper septic tanks. The inadequacy of proper sewage disposal poses a 
major health risk. The widespread use of soakaway septic tanks and thc di.,posal of septic 
waste into Wadi Sahalnawt have been identified as a potential threat to public health. Given 
that the population of Salalah is expected to increase three-fold from it present 77,000 by 
the year 2010, those septic problems existing at the present time will increase, assuming a 
continuation of current disposal methods. Cases of diarrhoea and euteritis, infectious 
hepatitis, and perhaps typhoid and paratyphoid, shistosomiasis (billiarzia), amoebiasis, 
shigellosis (bacillary dysentery), and malaria are likely to increase. 

7.3.7 Land Use 

The basis of land ownership is derived from Islamic Law. Land ownership rests with 
entitlement granted through the Government or implied ownership by granted easement. In 
the rural setting, and with respect to the pastoralist system of land use, ownership is 
implied through use of the land for grazing and settlement. Recognition of property is 
through agreement among tribes and may or may not involve discrete property boundaries. 
This form of ownership and informal land use is exhibited in the settlement pattern of the 
rural Salalah Plain (Appendix H), particularly during the khareef. Settlements in the Jebel 
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are in the form of homesteads, villages, and towns. In the coastal towns and cities, land is
owned in the sense of property with specific identified boundaries. 

As a consequence of these differing ownership practices, the competitive advantage has
rested with the urban expansion of Salalah into Jerbeeb lands occupied by Jebali
pastoralists. The pressure for further expansion is reflected in the population growth
projections. Salalah currently has a population of 77,000, the rural Salalah Plain about
1,000, and the Jebel Al Qara about 20,500. By the year 2010, these population; will
increase to about 183,000 and 2,500 in urban and rural Salalah, respectively, and decrease 
to about 18,000 in the Jebel Al Qara. 

The current pattern of land use is an expansion of Salalah as an extension of the historic
settlement consisting of a narrow coastal residential urban strip paralleling the coast 
between Awqad and Dhariz and an adjacent elongated agricultural zone to the north. On themargin of these zones, large areas have been allocated to governmental, suburban, and
special use development. Industrial development has been zoned for areas of western 
Salalah and toward Raysut (Map 2, Map Volume). 

Residential land in Salalah is distributed by allocation to male adults. It is expected that
several districts will see substantial residential and commercial development by 2020, and
this has been taken into account in the layout of sewer collection system options for the 
Masterplan. 

Industry in the Salalah area (CowiConsult, 1989) includes the following : fish processing,
soft drink bottling, cement manufacturing, and drilling mud and chemical manufacturing as
large scale industry; tile and concrete block manufacturing, carpentry, steel, aluminium
assembly and fabrication, printing, automobile maintenance, and warehousing as
intermediate scale industry; and a variety of small scale "cottage type" industries such as
food preparation and tailoring. Some 580 ha have been dedicated to industrial zones ofwhich 465 ha is in the New Industrial Area at Awqad and 115 ha in the industrial area at 
Raysut. Development emphasis tends more toward commercial than industrial 
development. 

In addition to the industrial areas, commercial and private sector office buildings are
scattered throughout Salalah and occupy about 60 ha of land. Another 84 ha will be
dedicated to office use as proposed in the Structure Plan. Government offices occupy an 
additional 66 ha. 

Agricultural lands and amenity plantings are forms of land use associated with high water
consumption. There are 32 ha of open space that have been designated as parks and for
amenity plantings. Two distinct farming areas are also an integral part of the local land use 
pattern: the large scale commercial farms, occupying about 1,333 ha and small scale private
farms in the traditional agricultural belt at Salalah and in Taqah, occupying about 1615 and
66 ha, respectively. The large scale farms are the MAF research farm, the Royal Farms at
Razat. and the Dhofar Cattle Feed Company farms (Garsiz and Salhalnawt). The Royal
Farms are dedicated to supplying produce for the Royal Palaces and for limited general
sale; the Dhofar Cattle Feed Company farms are primarily dedicated to fodder production
for its dairy herd and for sale to the public. The small scale agriculture is primarily
dedicated to irrigation of coconuts, banana, papaya, and vegetables. 

7.3.8 Archaeological and Cultural Sites 

Pre-Islamic occupation of the southern Arabian Peninsula lasted more than 10,000 years
and, combined with the Islamic era, has resulted in a rich cultural history (Cox et al, 1991).
Evidence of copper and iron age cultures is well represented in the Sultanate. Frankincense
trade and maritime commerce can be traced from the 4th century B.C. Cave paintings and
other archaeological data suggest that the Jebali language is ancient, perhaps pre-dating 
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other sources of written language (Ali Ahmed Mahash At Shahri, National Heritage 
Museum, Salalah, Personal Communication). 

Through authority granted in Decree 69/81 the Ministry of National Heritage and Culture 
(MNHC) oversees cultural resource protection. MNHC manages on-going investigations 
and studies, reviews action impinging on cultural resource preservation and coordinates its 
activities with MOE, MOCI and other Government agencies. 

Cultural sites on the Salalah Plain and Jeb' I Al Qara include religious sites (mosques and 
shrines), sites of historical significance, and archaeological sites. As with NR's discussed 
in Section 7.3.5, major archaeological and historic sites have been designated by MOCI 
and in the Sub-regional Land Use Plan and are protected. Several of these areas (Appendix 
H) have regional and national significance and occur in the vicinity of proposed Masterplan 
elements including ruins of the ancient city of Zafar at Khor Balid and Khor Salalah (Figure 
H.1), and ruins of a fortified, coastal city known as Samharum at Khor Rawri (Figure 
H.2). 

Based on investigations and studies (Oman, 1983; Costa and Kite, 1985) and information 
obta;,:ed from the National Heritage Museum staff at Salalah, other sites deserve attention 
due to their proximity to proposed Masterplan facilities. These sites include old cemeteries 
and shrines located near areas being considered for sewer pipelines and pump stations. 
The sites are as follows: 

o 	 Al Awqad cemetery - old burial ground inside walled area in the Awqad District 
o 	 Ba Alawi cemetery - old burial ground inside walled area in central Salalah 
o 	 Ben Afif cemetery - old burial ground and shrine inside walled area in central 

Salalah 
o 	 Al Goof cemetery - old burial ground inside walled area in central Salalah 
o 	 Al Robat cemetery - old burial ground adjacent to Robat Palace 
o 	 Al Haddad burial cemetery - old mosque and graves without fence or physical 

protection north of Khor Dhariz 

Evidence indicating other archaeological resources has been observed near some of the 
known demarcated archaeological sites. Scattered remains of possibly ancient camps and 
structures have been noted throughout the coastal plain east of Salalah, near Taqah, along 
the Ain Arzat road, and west of Salalah near Raysut. The designated and fenced areas are 
considered protected resources. Potential sites are not protected and require further study 
to determine their significance. 

The are some S0 mosques in the Salalah area, all considered cultural sites. In addition, the 
Middle Salalah and Al Hafa architectural areas are recognised as culturally valuable due to a 
number of historic buildings that display old Arabian, specifically Salalahian, architectural 
design (Atkins, 1990). Similarly, the old district in Mirbat is recognised for its 
architectural significance. The Salalah historic architectural areas are located in areas 
planned for eventual sewer development. 

7.3.9 Tourism and Recreation Areas 

Dhofar has considerable potential for the development of tourism. Cox et al (1991) are 
conducting a study for the development of tourism sponsored by the United Nations 
Development Project/World Tourism Organisation. Climate, cultural setting, general 
environment including beaches and scenery, and points of interest could encourage
tourism. The development of a tourist industry is in its early stages. At present there are 
very iimited recreational facilities and amenities in Salalah. 

Recreation areas have been set aside and are recognised in the plan adopted by PCDEGD 
(Atkins, 1990) as Scenic Reserves (SR), Recreation Areas (RA), and Recreation 
Development Areas (RDA). These areas were given protective status when they were 
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established, the degree of protection having been defined according to the type of area,
condition, conservation objective and location. In general, the nature reserves and scenic 
reserves are restricted use areas. Major industrial, commercial or further development
uses, sewage/slurry discharge and mineral development are not allowed and wildlife isfully protected. The recreation development areas also are set aside areas with respect tolimitations on industrial development, effluent discharge and mineral exploitation but are
intended for public recreation use including vehicle access and small commercial 
development relating to the type of recreation identified with the area. 

Of the six Scenic Areas located in the Project Area, the following are located in the vicinity
of Masterplan components: 

0 	 Khor Qurm (Khor Al Qurm As Saghir, Khor Thet and beaches) - managed SR
located along the coast south of the Wadi Daha site; 

0 	 Wadi Darbat - managed and monitored SR, located from the Jebal to the coast at 
Khor Rawri; and 

o 	 Sadah - managed and monitored SR, located near Sudh. 

The RA's and RDA's are mainly situated as beach and khor set-aside zones between
Raysut and Mirbat (Figures H.2 and H.3). Recreation areas are located on the coast about3 km from the Wadi Daha site, and approximately 1km of beach immediately west of the 
Khor Qurm SR. 

Other recreational resources that receive heavy use by the local population include the souksarid beaches near Husn Palace and amenity areas along Robat Road. An average of over
100 cars per night were counted over a two-month period along a 2 kilometre stretch of 
grass lawn bordering the road, an estimated daily use of about 400 u-er-days of recreation. 

7.4 Environmental Effects of the Proposed Action 

During the course of Masterplan development, environmental criteria were used to compare
water supply and wastewater treatment options and to avoid to the fullest extent possible
significant adverse environmental impact. The procedure included identifying
environmental issues and sensitive environmental areas within the overall Masterplan

Project Area, and applying the criteria in locating facility sites and screening options. Site

selection for wastewater treatment facilities offered more latitude than location of water
supplies, since the latter are fixed. Nevertheless, there were limitations to site selection ofwastewater facilities relating to disposal, social accertance, and nuisances. The criteria were jointly developed by the Consultant's engineers and environmental specialists. The
criteria that were used in the definition of alternatives were as follows: 

Water Supply 

o The Omani drinking water standards should serve as the basis for water supply
development; 

o 	 Exploration and wellfield development should take into account location of existing
boreholes and traditional water supply and effects of drawdown; 

o 	 Traditional agricultural areas and special use areas (e.g. protected areas, set-aside 
areas, nature preserves, and heritage sites) should be avoided; and 

o 	 Collection pipeline alignments should use existing corridors, e.g. roads, open linear 
space and avoid settlements, Jebali camp sites, and major wadi courses as much as 
possible. 
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Wastewater 

o 	 Collection pipeline alignments should use existing corridors, e.g. roads, alleys, 
paths, and other open linear space and should avoid corridors that may be realigned 
during early redevelopment; 

o 	 Traditional agricultural areas and special use areas (e.g. protected areas, set-aside 
areas, nature reserves, and heritage sites) should be avoided; 

o 	 Pump stations should be enclosed and be located away from khors and catchment 
depressions subject to flooding; 

o 	 Pump stations should have a secure power supply and auxiliary pumps to ensure 
continuous operation; 

o 	 The Omani water quality standards for potable water supply, wastewater reuse, 
marine discharge, and industrial liquid waste disposal should serve as the basis for 
conceptual design of the wastewater treatment process train; and 

o 	 The proximity of human habitation and sensitive environmental areas, wind 
patterns, surface water drainage, groundwater hydrology, and land use and zoning 
should be taken into account in locating the plant site. 

Effluent Reuse 

o 	 The Omani water quality standards for wastewater reuse should serve as the basis 
for conceptual design for reclaimed water reuse; 

o 	 Reuse options should be based on the water budget and reuse efficiency; and 
o 	 Groundwater hydrology and location of the fresh water aquifer should be the 

determining factor for the location of an infiltration or well injection recharge areas. 

Based on these criteria, a number of water supply and wastewater treatment options were 
dropped from further consideration. The remaining options that were deemed 
environmentally compatible were then incorporated into a set of global alternatives 
described in Section 7.2. The following discussion addresses the water supply and 
wastewater treatment components of the Proposed Action. 

Elements of the Proposed Action which have potential environmental implications include: 

o 	 Exploration of new wellfields on the western Jebel Front, eastern Jebel Front, Wadi 
Adawnib, and Taqah-Wadi Darbat area; 

o 	 Location of the 10 hectare wastewater plant site at Wadi Daha; 
o 	 Development of an emergency disposal well injection system or an infiltration 

disposal bed at Wadi Daha; 
o 	 Relocation of the Garsiz Farm fodder production to the Nejd; 
o 	 Establishment of an injection well system or an infiltration bed (60 ha.) at Garsiz 

Farm, and recharging of the fresh water aqulfer with reclaimed water; 
o 	 Establishment of an injection well system in the coastal agricultural strip to 

supplement the recharge facility at Garsiz Farm; 
o 	 Development of the sewage collection and conveyance system; 
o 	 Sludge disposal to the Raysut Landfill; 
o 	 Collection and treatment of septage and industrial liquid waste at the Wadi Qaftawt 

Stabilization Ponds; and 
o 	 Closure of soak-away septic systems and cessation of septage and hazardous 

materials disposal in Wadi Sahalnawt. 

7.4.1 Land Requirements and Land Use Changes 

The combined size of the water supply and wastewater components of the Proposed Action 
is less than 200 ha. Implementation will not affect climate or geology. Although 
fossiliferous limestones occur throughout the Salaiah Plain, none represent important fossil 
resources. Established prime farmland (traditional and irrigated cropland) were avoided for 
all components of the Masteiplan except for construction of the wastewater collection and 
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conveyance system, location of the groundwater recharge system and the relocation of
fodder production to the Nejd. 

Fodder production relocation from Garsiz Farm to the Nejd would be phased inconjunction with scheduling of the reclaimed water recharge system. If well injectionproves technically feasible and environmentally acceptable, and if selected as the option forgroundwater recharge, construction and operation of the wells would takes place as part ofthe Priority Works. An easement with a total area about I ha will be needed for access toestablish 3 borehole test wells on Garsiz Farn. About 5 ha will ultimately be needed foreasement and emplacement of 2 to 3 additional wells for completion of the system onGarsiz Farm, if testing confirms design feasibility. Property transfer and completedoperational system would be in place by mid-1995. Garsiz Farm would cease irrigation on
all of its fodder production lands by that time. 

In the meantime, land acquisition, borehole testing, and site preparation would be initiatedin the Nejd. Replacement and relocation would begin for the first parcel of about 60 ha assoon as water supply and land acquisition could be completed. The newly developed farmland would be in operation by mid-1995. Thereafter, well construction and landpreparation should proceed at a rate of 10 wells and 100 ha per year so that the final 300 hawould be developed and full reiocation completed by the end of 1998. 

For the infiltration bed testing an estimated 2 to 3 ha would be needed for access and a testinfiltration bed. If testing confirms design feasibility, and if the infiltration option isadopted, then by the end of 1992 a full 60 ha would be dedicated (property transfer) for access and construction of the beds. Construction would be completed with on-line startup by mid- 1995. The scheduling and development of new farm land in the Nejd would be
the same as that proposed for the injection well recharge system. 

Since existing farmland will be replaced by newly developed farmland, the impact is
offsetting without overall loss of prime farmland. 

The installation of a line of recharge wells along the north side the traditional agriculturalstrip would also require the drilling and testing of 3 wells and the eventual acquisition ofland and easements necessary for 22 injection wells between Awqad and Baleed. The total
loss of farmland would be about 0.2 ha and is considered a negligible loss. 

7.4.2 Groundwater and Surface Water 

The recharging of reclaimed water at Garsiz Farm or near the agricultural strip of up to 14Mcm per annum represents a beneficial water conservation measure and is regarded as asignificant beneficial impact to the Salalah Plain. Coupled with the conservation of fresh
water will be the added benefit of impeding seawater intrusion into the downgradient

reaches of the fresh water aquifer while simultaneously providing an additional freshwater
supply for abstraction and irrigation on the traditional agricultural lands. 

Modifications to the surface water regime will be temporary. During borehole testing forthe recharge option, an estimated test abstraction of some 3000 cubic metres per day isanticipated, assuming one well test per day. Each of the 3 test wells would be run for 48hours in succession for a total 6 days. To prevent surface runoff from flowing into Salalahwhere it might become a nuisance, the excess water could be used for irrigating fodder. 

The injection well system is not expected to modify surface water hydrology. Infiltration
beds might aggravate surface flow near the beds due to infiltration groundwater mounding.
Surface flow that might otherwise infiltrate during storm runoff would be impeded by themound. It is not known however if this would cause any flooding nuisances in Salalah.Infiltration tests will be conducted on a small infiltration bed to confirm the infiltration 
characteristics. 
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7.4.3 Water Quality 

Based on water quality data collected by MWR from the Salalah and Saada welifields, 
water quality has remained fairly stable and within the potable drinking water standards. 
Salinity is increasing at the margins of the freshwater aquifer, however, indicating brackish 
and seawater intrusion. Downgradient of the wellfields, local pollution is probably 
degrading water quality, although there are insufficient data to demonstrate the extent of 
this effect induced by agro-chemical and industrial pollution. The level of nitrates in the 
groundwater in the vicinity of the traditional agricultural areas overlying the freshwater 
aquifer exceeds the potable water standard (12 versus 10 for nitrate as nitrogen) 
presumably from fertilizer application and infiltration of soakaway septage. 

The reclaimed water recharge system, whether via injection wells or an infiltration bed 
system, will be a water conservation measure to return water to the aquifer downgradient of 
the Municipal potable water supply. The quality of reclaimed water (Table 7.4) will 
compare very well to the Omani potable and wastewater reuse standards and will help to 
reduce salinities in the traditional agricLltural areas. 

The groundwater quality is expected to be improved by the development of the wastewater 
treatment plant and reclaimed water recharge system. The overall effect will be a significant 
beneficial impact due to the strategically located addition of fresh water to the aquifer so as 
to stabilise or reverse saline water intrusion, and through the replacement of numerous 
soakaway systems and poorly maintained septic tanks with state-of-the-art treatment of 
wastewater. 

TABLE 7.4 Omani Water Quality Regulations and Treated 
Effluent Water Quality 

Omani Regulations Omani Regulations Treated 
Drinking Water Wastewater Reuse and Effluent 

Standards Discharge Standards 
Maximum Monthly Maximum Monthly Monthly 

Limit Average Limit Average Average 
Notes: [1,2] [3] [4,5] 

Parameter Unit 
Ammonia (as N) mg/L 5 1 < 1 
Biological Oxygen mg/L 15 10 < 10 

Demand 
Dissolved Oxygen mg/L 2.0 2.0 > 2 

(minimum) 
Nitrate (Nitrogen) mg/L 10 (45) 10(45) No limit < 10 
Nitrogen (total) mg/L 50 30 < 14 
Organic Nitrogen mg/L 50 30 < 3 

(Kjeldahl) 
pH 7.0 to 8.5 6.5 to 6 to 9 6 to 9 7 to 8 

9.2 
Phosphorus (as P) mg/L 30 20 < 20 
Total Coliform MPN,'I00m < 10 < 2 23 2.2 < 2

1 
Total Dissolved mg/L 1500/500 1500 1000 < 1000 

Solids 
Viable Pathogenic ova/L Non- Non- < I 

Ova and Cysts detectable detectable 

7-22 



Notes: 

1. Maximum limit unless otherwise stated. Blanks represent parameters without specific
standards. 

2. Total dissolved solids maximum limit is 1500, highest desirable level 500.
3. Non-detectable means fewer than one ova per litre (WHO, 1989).
4. In general, treated water will always be below maximum standards. 
5. Some metals will be removed. 

The well injection system will be located at Garsiz Farm and along the traditional
agricultural area. Twenty-two injection wells will be located along the northern edge of thesma!l farms in west-central Salalah. The injection of an average 36 MLd by 2020 isexpected to reduce salinity which is currently a problem for the small-scale farms. 

Given that the reclaimed water will have less nitrate than that believed to occur in the freshwater aquifer near the coast, the recharge should dilute groundwater nitrate concentrations.
However, should groundwater monitoring indicate nitrate build up emanating from the
recharge, then methanol addition may be needed for further denitrification at the treatment 
plant (Section 5.1.3). 

7.4.4 Public Health Issues 

The public health issues arising from implementation of the Masterplan are primarily waterquality related. The public health will be enhanced through improved wastewater treatment 
to levels conforming to the Omani wastewater reuse and potable drinking water standards
(Table 7.4). The replacement of septic tanks and soakaways will reduce the risk of soilcontamination and subsequent risk of exposure to viable pathogens and parasitic ova. Thisimprovemeat in public sanitation will obviously reduce the risk of entcritis and other water
borne ailments. 

The Masterplan ontions for augmenting water supply include additional abstraction wells inthe existing wellfields to meet projected potable water demand to 2010. The quality of this
water meets the potable standards and does not represent a risk to public health. 

There may be concern that groundwater recharge will cause increases in salinity, hardness,and heavy metal concentration that may adversely affect the public health. Such effects
depend on the quality of wastewater entering the treatment process since all constituent
chemicals are either removed or partially removed on passing through the treatment 
process. Table 7.4 shows the proposed level of treatment. Table 7.5 shows theincremental increase in water quality parameters of typical domestic wastewater effluent
from a case study reported in California, USA (i.e., the change in water quality between

the potable water so'-..'e and the quality at its arrival at the treatment plant).
 

As is indicated in Section 5.1.2, the Central Wastewater System, serving the wastewater
reclamation facility, is not expected to collect industrial wastes. Industries using toxic andhazardous substances will in general be located in industrial areas served by a separate
system. Even accidental spills should not impact the Central System. Therefore metals andother toxic substances are not expected to reach even the low levels indicated in Table 7.5.
To ensure that this assumption is being fulfilled at Salalah, monitoring of industrial waste
production and disposal is proposed (see Section 6.3.2). 

The level of wastewater treatment for biological parameters will meet Omani drinking waterand wastewater reuse standards and thus should not pose a public health risk. Sludge will
be stabilised using kiln dust as a exothermic reactant that will reduce viable parasitic ovaand cysts to non-detectable levels (less than I viable ova per litre). The isolation of thedewatering and stabilisation at the plant site and deposition of the processed sludge at theRaysut Landfill should eliminate any risk to public health. A 6 month storage period at the 
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landfill should further render the material safe for composting and agricultural use, 

according to international standards. 

TABLE 7.5 Water Quality Comparisons 

Typical 
Domestic 

Use 
Case 

Study 

Water 
Supply 
Quality 

Omani Drinking 
Water 

Standards 

Notes: 
Parameter 

[I1 
Unit 

[21 [31 141 [51 

Total Suspended Solids 
Odour 

mg/L 
TON 

150 to 380 98.0 
27.2 

Nil 

Alkalinity 
Calcium 
Chloride 
Hardness (CaCO3) 
Magnesium 
Nitrate 
pH 
Phenolic compounds 
Phosphate (P04) 
Potassium 
Silica 
Sodium 
Specific Conductance 
Sulphate 
Total Dissolved Solids 
Arsenic 
Barium 
Cadmium 
Chromium (total) 
Cyanide 
Flouride 
Lead 
Mercury 
Selenium 
Silver 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
mg/L 
umhos 
mg/L 
ing/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

6 to 16 
20 to 50 

60 to 120 
4 to 10 

20 to 40 

5 to 15 
7 to 15 

40 to 70 

15 to 30 

0.2 to 0.4 

155 
36.4 
100 
116 
3.3 

Nil 

5.5 
130 
829 
127 
356 

0.003 
0.107 

< 0.001 
0.011 

Nil 
0.18 

0.052 

Nil 
0.008 

210 
80 

110 
270 

18 
12 

2 

64 
850 

25 
500 

0.5 

200/75 
600/200 
500/100 

150/30 
45 

6.5-9.2/7.0-8.5 
0.002/0.001 

400/200 
1500/500 

0.05 

0.01 

0.05 
0.8 
0.1 

0.001 
0.01 

* 
* 

Aluminium 
Boron 
Bromine 
Cobalt 
Copper 
Iron (filtered) 
Manganese 
Molybdenum 
Nickel 
Rubidium 
Silver 
Strontium 
Tin 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
r.ng/L 
mg/L 
mg/L 
mg/L 
mg/L 

0.1 to o.2 
0.1 to 0.4 

0.2 to 0.4 

0.050 

0.144 
< 0.001 

0.034 
2.730 
0.035 
0.021 
0.105 
0.040 
0.008 
0.120 
0.003 

Nil 
Nil 

1.5/0.05 
1.0/0.1 

0.5/0.05 
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Tungsten mg/L 	 0.147 
Uranium mg/L 0.026
 
Yitriium mg/L 0.000
 
Vanadium 
 mg/L 	 < 0.001 
Zinc 	 mg/L 0.051 	 15/5.0
Zirconium mg/L 	 0.012 

Notes: 

1. 	 TON, threshold odour number. 
2. 	 Reported values do not include commercial and industrial additions. Source: Metcalf 

and Eddy, 1991. 
3. 	 Source: Culp, Wesner, and Culp, 1978.
4. 	 Data represents water quality of the Salalah Wellfield Reservoir (public potable supply).

Source: Data provided by Mr. Janardan, Laboratory Chemist, Salalah Wellfield,
September 1, 1991 (personal communication).

5. 	 Values as maximum permissible levels or as maximum permissible levels/maximum
desirable levels; magnesium permissible level conditional to sulphate present at less 
than 250 mg/L. 

7.4.5 Effects on Aquatic and Terrestrial Resources 

As part of the planning process, a concerted effort was made to avoid sensitive ecological
areas. Siting included not only avoiding direct encroachment into sensitive habitat but alo
consideration of these habitats in relation to drainage and indirect access into such areas.
Most of the facilities and water supply exploration areas are located at least 1km from
sensitive ecological areas (Table 7.2). In cases where this was difficult to accomplish, as
with the sewer mains and recharge pipelines, design was directed toward enclosure,
containment, and back-up security (standby submersible pumps and generators). Both the 
wastewater collection system and the groundwater recharge pipelines will be underground. 

The construction of facilities will involve clearing land and trenching for pipelines. These
activities are not expected to cause adverse impact on wildlife because most of the
construction will take place within the wastewater treatment plant site or along existing
corridors in urban areas. 

The Wadi Daha site is located in the scrubland-ephemeral grassland dominated byLimonium spp. scrub that has been severely browsed. As discussed in Section 7.3.4.2
this type of vegetation is widespread throughout the Salalah Plain anid constitutes about 17 
percent of the overall area within the Masterplan Project Area. The viable vegetation coverin the vicinity of th" Wadi Daha site is about 10 to 15 percent. Plant diversity, even during
the khareef appears lacking at the site. Given that approximately 10 ha would be developed
for the treatment works, the loss of the vegetation cover will be of little consequence. 

Both Khor Thet or Khor Al Qurm As Saghir are hypersaline pools and are habitats of theendangered mangrove species, A'icennia marina. Both khors are located downgradient
from the disposal locations of the Wadi Daha treatment site. Should there be a long term
change in the salinity balance due to discharged treated water, it could adversely affect thevitality of the mangrove. The planning of the emergency disposal options therefore was 
directed toward reducing this risk. 

The emergency disposal system proposed for the WaJi Daha site includes a lined reservoir 
to hold a day's volume of wastewater should shutdown occur. Whatever the stage of 
treatment, this water would be recycled in the treatment process. Fully treated water would
be discharged by either injection or infiltration (Section 5.1.4). The location of these
disposal options is sufficient, given present understanding of the geology and hydrology, 
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to permit percolation well below surface and out to the surface drainage into khors and 
beach. The feasibility of either option will be tested to determine that discharge will not in 
fact return to the surface downgradient in a manner that would change the brackish water 
quality of Khor Thet or Khor Al Qurm As Saghir. 

7.4.6 Land Use Issues 

The primary land use issue relating to the Proposed Action is the relocation of the Garsiz 
Farm fodder production ( 360 ha) to the Nejd. The economic feasibility and impact of this 
are discussed in Appendix B. The total area of the farm is 497 ha of which 137 ha will 
remain as lands for the dairy operation, buildings, and fodder storage. The 360 ha 
dedicated to fodder farming will be discontinued by 1995. Of the 360 ha, 249 ha are 
located in the Salalah Wellfield Protection Zone and would revert to open space since it 
could not be developed under the restrictive protection criteria that apply to the Protection 
Zone. The remaining I I ha would either be partitioned for the infiltration beds (60 ha), if 
the infiltration bed option is chosen, with the remainder available for development or open 
space, or if the injection well system is chosen, fully dedicated to housing. The Sub
regiornal Land Use Plan proposed the use of 100 ha of land in the southern part of Garsiz 
Farm for future housing. Its use for infiltration beds for wastewater would require location 
of most if not all of this housing elsewhere. 

This reversion of farmland to open space and housing represents a change in land use, but 
the displacement of fodder farming will be offset by the development of new fodder 
production lands in the Nejd. Relocation will not involve indirect relocation or 
displacement of other people and their property, since it is Government land that is 
involved both at Garsiz Farm and in the Nejd. Assuming that a Government compensation 
grant for the development of new farmland will be paid, the land use impact is expected to 
be insignificant in terms of conservation of prime farmland but if the well injection option is 
selected, beneficial in terms of allowing residential development. 

Tne development of new pipelines for the delivery of water to the Salalah area will involve 
alignment within corridors of existing pipelines and therefore no additional property 
easement will be required that would involve public disturbance or revision of land use. 
However, the pipelines will cross lands currently used for temporary settlement and 
grazing, especially during the khareef. Some of these settlements and camp sites are 
located near the pipeline alignments between the wellfields and delivery points. "The 
construction activity during the khareef may involve some small nuisance or disturbance to 
the settlements and their livestock but no significant impact is anticipated. Restriction of the 
construction period to the dry season would greatly minimise or avoid disturbance to these 
settlements since most are likely to be unoccupied at that time. 

The sewer collection system and the pipelines for the recharge system, are aligned parallel 
to existing transportation and within designated utility corridors, or across open areas. No 
land use impacts are therefore expected relating to the layout of these systems. The detailed 
planning of the collection and conveyance system will be undertaken in the Priority Works 
phase. 

7.4.7 Air Quality, Traffic, Noise and Odours 

The water supply options are not expected to adversely effect the air quality or cause 
nuisances relating to traffic, noise and odours. Exploration drilling and construction of 
water supply facilities would occur in isolated areas, e.g. the exploration zones (Figure 
7.1) and the existing wellfields. 

The wastewater treatment works will include the collection and conveyance network 
consisting of underground pipelines and subterranean pump stations with above ground 
power panels and back-up generators enclosed in small buildings. Noise from the 
operating pumps is expected to be confined within the pump station building (i.e., not 
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audible beyond the walls of the building); during emergency generation the sound
emanating from pump generators is expected to be less than that of an automobile engine at 
about 50 metres distance. 

The treatment works will be situated in an enclosed 10 ha site, with a block wall or
equivalent visual barrier. Noise levels will be less than 65 decibels (dB) throughout most
of the site, except within a few feet of generators and motors, all of which will be located
inside the headworks and other buildings. Noise levels are expected to be very low or 
inaudible beyond the site boundary. 

During the construction of the sewer collector and conveyance system, construction noise
is expected at locations where heavy equipment or blasting is employed. This will most
likely occur where there is thick limestone capping along routes of collector lines and
mains. Surface limestone occurs in a belt extending west-northwest across most of Salalah
from Dhariz to eastern Awqad Districts between Robat Road and central Salalah.
Furthermore, if the well injection option is selected for recharge, some of the pipeline route 
may a!so require blasting and heavy equipment excavation. The Royal Oman Police (ROP)
issue a blasting permit on the basis of the applicant's excavation plan, scheduling, and
noise pollution control measures. The permit is granted on the basis that every means is
taken to control noise and prevent the disruption of traffic and pedestrian movement. 

Raw sewage generates strong odours, particularly if it is in an anaerobic state. The primary
odorous substances of raw sewage and their respective detection thresholds are shown in 
Table 7.6. 

TABLE 7.6 Odouious Substances and Their Presence in Treated Water 

Odour Odour Treated 
Detection Recognition Effluent 

Substance 
Ammonia 
Chlorine 
Organic Sulphides 
Hydrogen Sulphide 
Skatole 

Note: 
Odour 

Ammoniacal 
Chlorine 
Rotten Cabbage 
Rotten Eggs 
Faecal Matter 

[1] 
(ppm) 

17 
0.8 

0.0001 
< 0.00021 

0.001 

(ppm) 
37 

0.314 
0.0021 

0.00047 
0.019 

[2] 
(mg/L) 

< 1 
< 2.2 

Nil 
Nil 
Nil 

Note: 
I. Odorous chemical concentrations in parts per million (ppm) in air. 
2. Treated effluent odorous chemical concentrations in mg/L in liquid.

Source: Metcalf and Eddy, Inc., 1991. 

The treatment will essentially eliminate the noxious gases that produce undesirable odours
through the removal of BOD and sulphides. Odours are usually most prevalent at the inlet
headworks where raw sewage first enters the plant after being in an anaerobic state during 
conveyance, and in the sludge treatment areas. The principal measures employed to control
odour are to minimise any turbulent flow that would release entrained gases and to cover
critical units. In the proposed design of the treatment works the headworks and sludge
treatment will be housed in their respective process buildings. This measure is expected to
substantially reduce odour. Further, the Wadi Daha site is located more than 3 kilometres 
from the nearest residential areas and is well away from areas of heavy public use. 

During the operation phase dewatered sludge will be hauled from the plant to the Raysut
landfill for disposal and/or storage. The anticipated haulage for the first phase of operation
would be in the order of one truck load per day. The road between the Wadi Daha site and 
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.he landfill is primarily used for the purpose of hauling septage and industrial waste to the 
Wadi Qaftawt Stabilisation Ponds and for hauling solid waste to the Raysut Landfill. 

An additional traffic-related issue involves the relocation of the Garsiz Farm fodder 
production in the Nejd and its effect on the traffic load of the Salalah-Thumrait Road. This 
road currently is the main truck transport route between the coast and the interior in the 
Southern Region. Fodder may need to be hauled from the new fI,,rms in the Nejd to feed 
the dairy herd which will continue to be maintained at Salalah if fodder production from 
Sahalnawt Farm is unable to meet this demand. Further, manure that is produced by the 
dairy herd will be hauled north to be used as fertilizer on tie new farms. This could cause 
some increase in the Salalah-Thumrait Road traffic. 

7.4.8 Archaeological and Cultural Resources 

The locations of designated and known archaeological sites were used as site selection 
criteria during definition and evaluation of the various water supply and wastewater 
options. These known archaeological sites were avoided. However it was also discovered 
that many areas have not to date received detailed archaeological study but may potentially
have cultural significance. These areas were designated as potential cultural/archaeological 
zones. The following discussion addresses thcsc zenes in rclation to the water supply and 
wastewater components of the Proposed Action. 

Archaeological resources may occur in the water supply exploration areas (Figure 7.1),
particularly in the Taqah-Wadi Darbat exploration area. The drilling of boreholes is 
expected to involve about 12 test wells throughout on less than 0.5 ha. Access and specific 
drill site location will include avoidance of any suspected archaeological sites. 

The gravel terraces in the vicinity of Wadi Daha contain evidence of old habitation sites,
small ruins, and vacated settlements. However, the low-lying area where the plant site 
would be located appears devoid of any similar material. Likewise the proposed site of the 
infiltration bed appears free of any culturally significant material, although there are 
scattered stones, possibly former camp sites, in the vicinity and on the higher ground to the 
north. 

The MNHC has informed the Consultant that central Salalah and the traditional agricultural
belt are likely to have subsurface archaeological sites (Appendix H). Because resources in 
these areas are not known, the construction of the wastewater conveyance and the well 
injection system should include prior notification of MNHC and surveillance by a qualified 
expert. 

According to MNHC, the Garsiz Farm and water supply facilities north of Salalah occur in 
areas believed to have little potential for archaeological resources because these areas are 
north of the settlements and development of the ancient city of Zafar. 

7.4.9 Irreversible and Irretrievable Commitment of Resources 

The irreversible and irretrievable commitment of resources for development of the 
Masterplan is expected to be sma!! relative to the benefits of water resource development
and improved public sanitation. Lnd and water resource commitments are listed in Table 
7.7. 

The irrigated farmland will revert to open range within the Salalah Wellfield Protection 
Zone (259 ha) which will represent an irreversible loss in the Salalah area. In a regional 
context, however, the development of new farmland in the Nejd will compensate for this 
loss. Approximately 10 ha will be committed to development of the plant site which will be 
a very small loss of rangeland resource. Similarly, the establishment of infiltration beds for 
the Wadi Daha site (60 ha) and/or at Garsiz Farm represent land lost to other uses. 
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TABLE 7.7 Irreversible and Irretrievable Commitment of Resources 

Facility/Resource Quantity 

Wastewater Treatment Plant 10 ha
Infiltration beds - Wadi Daha WWTP 60 ha
Infiltration beds - Garsiz Farm 60 ha
Injection wells - Wadi Daha WWTP 0.1 ha
Injection wells - traditional agricultural belt 2 ha 
Reversion of irrigated land to open range - Salalah 259 ha 
Wellfield Protection Zone 
Recharge options affect on water quality possibly slight rise in hardness 

and chlorides downgradient of 
recharge zone (hardness, 60 to 
120 mg/L and chloride less than 
200 mg/L)Incidental water loss Nil 

Employment base - Garsiz Farm about 20 labourer jobs
Capital allocation RO 9.0 million 

7.5 Mitigation Measures and Monitoring 

The primary purpose of developing mitigation measures is to reduce significant adverseenvironmental impact. Based on the assessment of the Proposed Action, no significant
adverse impacts were identified insofar as the plan implementation meets the assumptions
set forth during the plan formulation and evaluation. There are enhanced remedial 
measures that could be employed to improve the general quality of the environment and 
prevent existing conditions of pollution. Many of these measures have been addressed invarious sections of this report. There are also a number of related programmes in progress
or planned to improve eavironmental quality and prevent pollution. Several of these 
projects closely relate to the Proposed Action. 

The Wadi Qaftawt Stabilisation Ponds include the treatment of liquid industrial waste and
tankered sewage from areas that are not serviced by the Central Wastewater System. The
phased development of the collection and conveyance system for the treatment component
will be coordinated with the Wadi Qaftawt project. Further improvements of the Wadi
Qaftaiwt system may be needed in light of present design and projected wastewater 
treatment demands. The Wadi Qaftawt project will also eliminate the need for sewage and
industrial dumping into Wadi Sahalnawt which will mitigate public health risk and pollution
problems. 

Development of the tourism industry is growing in the Southern Region and should benefit
from the Proposed Action. On-going planning studies by PCDEDG, including
environmental studies of the khors and surveys of the conservation areas discussed above
have been important in defining Masterplan implementation options. 

Specific enhancement measures that pertain to the Proposed Action include non-structural 
measures for maintaining water supply resources and enhancing wastewater treatment.
Given the potential for water exploitation in the proposed water supply exploration areas, 
an investigation of current water use and expected further demand should be initiated.
Further, a study of the hydrological and ecological dynamics of Khor Rawri and Khor
Taqah would be useful in ascertaining the effects of water abstraction should the Taqah-
Wadi Darbat exploration area prove productive. 
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Monitoring is regarded as critical to ensure that design objectives are being met. 
Monitoring is needed to determine the effects of abstraction during testing in the various 
water supply exploration areas because drawdown on springs and existing boreholes and 
wells would impact not only the water supply of surrounding users but also the 
environmental quality of springs, wadis, pools and riparian habitats. The springs and and 
khors in question include any of the Jebel front springs, Khor Rawri and Khor Taqah. 

Khors located downgradient of the disposal and recharge zones should be monitored for 
water quality during both the testing phase and operation of these facilities to ensure that the 
water quality balance of these khors is not undergoing episodic perturbations or long-term 
change. To assess any adverse impacts of disposal from the Wadi Daha treatment plant, 
Khor Al Qurm As Saghir and Khor Thet should be monitored for salinity, dissolved 
oxygen, pH, and standard metals. 

An industrial waste survey is proposed as part of a series of studies and development of 
improvements to the Wadi Qaftawt treatment system (see Appendix N). In addition, 
monitoring and control programmes are proposed for trade wastes (see Section 6.3.2). 
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8.0 FIRST STAGE FEASIBILITY ANALYSIS 

8.1 Technical Soundness and Sustanability 

8.1.1 Basis of Soundness and Sustainability
 

Technical soundness, including reliability and sustainability, depends upon:
 

o Soundness of projections of need and capacity; 

o Providing the best solution for the cost; 

o Use of well-proven technologies; 

o Adaptability to change; 

o Avoidance of unnecessary complexity; 

o Provision for local conditions; 

o Facility operability; 

o Provision to deal with disasters and breakdowns; and 

o Adequate provision for operation and maintenance. 

In each of the following three sections, the technical bases for the proposed facilities and 
actions are first presented, and their adequacy in terms of each of the above-listed needs is 
then evaluated. 

8.1.2 Water Resource Protection and Development 

The Salalah aquifer is being overdrawn and the highest value agricultural water uses are in 
danger. It is necessary either to manage the water resource or to desalinate seawater, which 
would be very expensive. 

There is a limited range of water management options available. Moving fodder production 
away from the fresh water aquifer gives the quickest and lowest cost improvement, but is 
not sufficient in the longer term. Desalination would be very expensive. A sewerage
system is needed and will provide the opportunity to reuse reclaimed water. Use of high
quality reclaimed water for agriculture is safe and inexpensive, and is best done by aquifer
recharge. 

New water sources producing limited quantities, are probably available but need to be 
proven. Some of the potential sources are likely to be brackish and water taken from them 
would need to be blended with fresh water for potable supply. New water sources may be 
needed late in the programme but could not be developed economically in small increments. 

Four alternative programmes were developed that combine the above development options
in different ways. The alternative plans are: A, based on desalination and new water 
sources; B, based on moving fodder production plus new water sources; C, based on 
moving fodder production, aquifer recharge with reclaimed water and supplemental
recharge with water from a spring cuIrently used for fodder irrigation; and D, based on
aquifer recharge with reclaimed water plus new water sources. 

Alternative C is the recommended Masterplan programme because it is both the most
effective and the least expensive. Moving fodder production at Garsiz Farm off the 
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aquifer, and aquifer recharge with reclaimed water for down-gradient irrigation uses, 
supplemented by the transfer of Sahalnawt Spring from fodder irrigation to aquifer 
recharge for potable use, will meet the projected fresh water demands through the planning 
horizon of 2020. This leaves the development of new sources as a way to deal with any 
unexpectedly large growth of existing demands and as a way to provide water for any new 
demands that may occur. This programme is simple and technically feasible. 

Projections of population growth used were the officially adopted "high" projections of the 
W.S. Atkins 1991 Subregional Land Use Plan Report. Demand projections were based on 
unit demands developed by careful analysis of the best available consumption and use data. 
Better population projections may be able to be made after a population census has been 
conducted in 1993. Pending the results of this, the projections represent the best possible 
current measure of future demand growth available. Because actual metered water use was 
the basis for the computation of the unit and total urban water demands, any errors in 
population estimation will tend to be offset by compensating errors in computed unit 
consumption. 

Insufficient direct information was available on agricultural water use, or the part of public 
water use that goes to garden and amenity irrigation, to provide direct measures of these 
demands. However, the indirect methods that were used are believed to be meaningful and 
adequate. 

Except for reduction of the level of treatment of reclaimed water to be recharged, no other 
equal or lower cost means of satisfying the projected water resource requirements is 
available. For convenience, the level of additional treatment for recharge, above that 
needed for disposal, is discussed along with other aspects of treatment in Section 8.1.4 
below. 

The principal technologies proposed for use in connection with water resource protection 
and management are, with one exception, commonly used and of proven reliability in 
Oman. That exception is aquifer recharge by means of injection wells or infiltration basins. 

Well injection, which is the preferred aquifer recharge option for functional and land use 
reasons, has been successfully used in some locations and has been used on an 
experimental basis in others. However, it is necessary to prove the applicability of this 
method to each specific site and to base the design of the facilities on test well and water 
quality investigations. Examples of the successful use of injection recharge are: 

o City of Plantation, Florida; 
o West Palm Beach, Florida; 
o Miami-Dade Water and Sewer Authority, Florida; 
o Fort Lauderdale, Florida; 
o El Paso, Texas; 
o Cedar Creek, Nassau County, New York; and 
o Orange County Water District, California. 

Successful large scale experimental well-injection recharge has been performed at the Palo 
Alto Baylands, California. 

The good information that is available on the potable water aquifer gives a high degree of 
assurance that injection recharge in the Garsiz Farm area will be proven feasible. Injection 
recharge feasibility outside the fresh water zone, along the northern edge of the traditional 
agricultural strip, is supported by the existence of operating irrigation wells. However, it 
must be demonstrated through in-situ testing that effective and economical injection 
recharge in this area can be done without serious mounding of the water table or other 
negative effects. For both locations, design criteria will be developed on the basis of pre
design test results. The cost estimates herein are based very conservatively on the 
provision of recharge wells at 250 m intervals. 
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Infiltration basins, which constitute the second choice for aquifer recharge, have been used
successfully for this purpose in many locations in the USA, including the following: 

o Phoenix, Arizona; 
o Hollister, California; 
o Whittier Narrows, California; 
o Boulder, Colorado; 
o Orange County, Florida; 
o Fort Devins, Massachusetts; 
o Otis Air Force Base, Massachusetts; 
o Vineland, New Jersey; 
o Six Mile Creek, South Dakota; and 
o Kettle Moraine, Wisconsin. 

For infiltration basins also, feasibility confirmation and design criteria are dependent on 
specific on-site testing. However, the relatively good information that is available on the 
potable aquifer, together with the results of modified infiltrometer tests conducted in the
vicinity of the Garsiz Farm, gives a high degree of assurance that infiltration recharge of the 
fresh water aquifer is feasible. 

Actual rates of growth of population and water demand, or rates of aquifer replenishment, 
may vary from those projected. The proposed programmes include water level and quality
monitoring which will reveal any significant changes in the aquifer. In addition, records of
well monitoring by the Ministry of Water Resources should provide an additional ongoing
indication of variations in major groundwater withdrawals. Together with flow records of 
water supplied through the public potable system, wastewater collected for treatment and
effluent recharged, these data will provide accurate guidance on water balance trends. 

With this information in hand, there will be the necessary flexibility and adaptability to 
enable recognition well in advance to: advance or retard the design and construction of
later-stage groundwater recharge works; change their design criteria; or provide for transfer 
of such demands as urban irrigation from the potable supply to recharged groundwater. 

Although the proposed recharge technology is well-proven, it is necessary to confirm 
feasibility, and to develop application rates, dosing periods and other design criteria, that 
are suited to this specific location. For this reason, detailed design is proposed to be 
preceded by pilot field testing. 

Preliminary field studies have been conducted, and currently available data support the 
feasibility of the proposed recharge system. However, access to the site is currently not 
available to enable the necessary complete :esting. Therefore final confirmation of the
feasibility of this specific component of the system must be deferred until access is obtained 
and several months of testing are conducted. 

The need for removal of the fodder operations from Garsiz Farm is independent of the
ultimate determination of recharge feasibility. Any reduction or abandonment of recharge at 
Garsiz Farm will accentuate the need for alternative water sources and for removal of the
other fodder operations currently using potable quality water. The sound operation of the 
facilities for water resources management will be supported by the inclusion of flow 
measurement and aquifer monitoring equipment to support operational decisions. The 
mechanical equipment items involved are all of common design and easily operated.
Redundancy is included both in mechanical equipment and in power supply. In case of 
difficulties or breakdowns in the reclaimed water recharge system, alternative effluent 
disposal facilities are included. 

Operation and maintenance of the recharge system will be included in the responsibilities of 
the wastewater system operation and maintenance contractor (see Section 8.1.4). 
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8.1.3 Water Supply and Distribution 

The projections of need and capacity of water supply and distribution facilities are soundly 
based on the best available population data and unit demands developed by careful analysis 
of available consumption and use data. As indicated in Section 8.1.2, they represent the 
best measure of future demand growth currently possible. 

No other equal or lower cost means of satisfying the projected water supply requirements is 
available. 

All of the technologies for use in connection with water supply and distributioo are in 
current use and of proven reliability in Salalah. 

Adaptability to change is extensive in the case of the headworks, in that the timing of 
installation of new wells and headworks storage can be adjusted to suit act, al growth of 
demand. Flexibility is also provided for in the Phase 2 main pipeline,, which will be 
designed for year 2010 flows and can then be supplemented if necessary by parallel lines or 
bypass mains. Later phase main pipelines, and local distribution pipelines and service 
connections, will be installed as needed, with the Masterplan schedule as a guide, and their 
design flows can if necessary be adjusted to suit actual demand' as they develop. 

The sound operation of the facilities for water supply is ensured by the application of 
technologies, criteria and mechanical equipment that are in current use and that have been 
demonstrated to be easily operated in Salalah. Redundancy is included both in mechanical 
equipment and in power supply. 

Operation and maintenance of the recharge system will be performed by the existing staff 
using methodologies that are seen to be currently generally effective but with some 
improved approaches that are proposed in Appendix K. The proposed twinning 
arrangement will provide the opportunity for further operation and maintenance 
improvements through technology transfer from the foreign partner. Offshore training will 
be provided for management personnel. 

8.1.4 Wastewater Collection, Treatment and Disposal 

Options considered for wastewater system development included treatment options, system 
configuration options, and disposal options. 

On the basis of the need to reclaim and reuse effluent, it was established that tertiary 
treatment of wastewater would be needed, with at least secondary treatment followed by 
coagulation, filtration and chlorination for any agricultural use where workers or the public 
may come into contact with the effluent. In addition the regulations for effluent discharge 
in addition require nitrification by strictly limiting the ammonia content of effluents. They 
also prohibit effluent reuse where public contact is possible. Grounidwater recharge was 
adopted as the preferred mode of reuse because it would: (a) provide water for the most 
valuable and threatened agricultural uses, (b) do so at much lower cost than direct 
distribution by pipeline, (c) provide a barrier against saline intrusion, and (d) prevent public 
(and worker) direct contact with the effluent. While potable use of the recharged 
groundwater is not proposed, reduction of nitrate by treatment is proposed to bring this 
aspect of effluent quality to that required by the drinking water standards. The purpose is 
to provide long-term protection of the aquifer for any possible beneficial use. 

To achieve the results indicated above, the most economical treatment train is a version of 
the activated sludge process. This comprises a physical unit which includes screening, grit 
removal and primary sedimentation, followed by a biological unit which include an anoxic 
zone (providing a 7.6 hour detention period for denitrification) and then an aeration zone 
(with a 16 hour aeration period). This is followed by secondary sedimentation, 
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coagulation, filtration and chlorination. This process has been amply and successfully
proven and demonstrated in practice and is one of several versions of recently developedbiological nitrification - denitrification treatment procedures in which the incomingwastewater provides the carbon source needed for denitrification. Provision is included for
the addition of methanol before the filtration process, which will be designed with a depthadequate for such further denitrifiition, should monitoring of tf:e groundwater quality in
the effluent disposal aquifer show i. to be necessary. 

Effluent disposal is required as a supplementary backup to reclamation and reuse. Thelowest cost and preferred means of disposal of highly treated effluent is by well injectioninto unusable brackish aquifers. The feasibility of this metkod will be proven and design
criteria will be developed on the basis of pre-design studies. Infiltration disposal was alsoevaluated but is concluded not to be feasible except oin terraces above the Wadi Daha coastal
plain. Feasibility and design criteria for this method, as a second disposal choice for any
wastewater reclamation plant located to the west of Salalah, will also be based on pre
design studies. 

Marine disposal of highly treated effluent is technically and environmentally feasible subject
to the selection of the proper design criteria. For .reclamation facility to the west of
Salalah, marine disposal will be more expensive than well injection and possibly moreexpensive than infiltration. Marine disposal design criteria and costs are dependent on predesign studies. Environmental regulations require 13 months of such studies before
environmental approval of an ocean outfall can be obtained. These studies would only be
done if other disposal methods are shown to be infeasible. 

A series of pre-design effluent disposal investigations will therefore be conducted,beginning with injection and infiltration studies, with any marine studies to await a
determination of the feasibility of injection disposal. These studies will be followed bycomparative technical, environmental and economic evaluations, facility outline design, andcost revisions. With allowance for the time required to do this work, the selected disposal
facilities can be designed and constructed for completion in the same timeframe as the sewerage system and treatment facilities. Backup disposal in one or other of the above 
forms is therefore feasible. 

The projections of need and capacity follow the same basic premises as those for water
supply, together with unit flow and strength data obtained locaiiy and based on experiencein Egypt and elsewhere. As indicated in Section 8.1.2, they represent the best measure offuture demand growth currently possible. 

No other equal or lower cost means of satisfying the projected wastewater system
requirements is available except by adopting one or more of the following: 

" Use of a more central wastewater reclamation plant site, such as one of the sites
originally proposed by the Consultant at Sahalnpwt or Arzat; 

o Reduction of the level of treatment of reclaimed water to be recharged; or 

o Use of improved on-site or septic tank effluent drain systems instead of sewerage. 

The Consultant has been formally instructed to consider any site in the Sahalnawt-Arzat 
area to be not available. As a consequence of this decision, and following consultation
with the Client and the Supreme Committee for Town Planning, the Wadi Daha site has
been selected for the treatment plant. This site is technically sound but it will involve 
additional cost over a site in the Sahalnawt/Arzat area. 

The level of additional treatment for recharge, above that needed for disposal, is minimal ifeffluent for disposal must comply with the reuse and discharge regulations. If, however,
disposal either to a wadi or the ocean can be achieved with secondary treatment and 
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disinfection only, then there would be a potential treatment cost saving. However, any 
such saving would be offset by the economic loss from failure to provide for water reuse, 
plus the additional costs of providing for continuous disposal of the full wastewater flows. 
Taking these fattors into account, as discussed in Appendix G, the proposed treatment 
method is tl.b lowest cost means of meeting the objectives. 

On-site sewage disposal systems will continue to be needed in Salalah tbr areas and houses 
not yet provided with sewer service. However, they should be designed in accordance 
with the requirements of the Regulations for External Building Drainage. The septic tanks 
should have adequate volume, be watertight, and be equipped with scakage pits designed 
on the basis of percolation tests conducted at the location and depth of the proposed 
installation. Septic tank effluent drain systems are not recommended in place of sewers, or 
to serve any existirg premises, because their satisfactory operation depends on the proper 
operation of the septic tanks, which is no: now possible without substantial expenditure on 
upgrading them. For any areas that may in the future be developed in advance of sewerage 
service, where an interim solution is needed that will last for several years, especially in 
areas where effluent soakage may not be possible, small-diameter effluent drain systems 
could be useful if the septic tanks are properly designed, ,onstructed and inspected by the 
Authority. They do not represent a viable low-cost alternative to the proposed sewerage 
programme. 

Many of the technologies proposed for use in connection with wastewater collection, 
conveyance and disposal are new to Salalah. Some have been used in the Capital Area. All 
have been proven elsewhere. Wastewater treatment using anoxic/aerobic activated sludge 
processes for oxidation, nitrification and denitrification has been successfully us,-d at: 

o Al Ansab, Oman; 
o Sohar, Oman; 
o Kelowna, British Columbia; 
o Johannesburg, South Africa; 
o Fayetteville, Arkansas; 
o City of Cocoa, Florida; 
o Fort Myers, Florida; 
o Largo, Florida 
o Orange County, Florida; 
o Palmetto, Florida; 
o Tarpon Springs, Florida; 
o Newark, Ohio; 
o Montgomery County, Pennsylvania; 
o Warminster, Pennsylvania; and 
o Lamberts Point, Virginia. 

Injection wells have been used successfully for standby effluent disposal, among other 
locations, in the Loxahatchee River Environmental Control District, Florida, and St. 
Petersburg, Florida. Examples of the use of infiltration basins and recharge injection wells 
were listed in Section 8.1.2 above. 

Marine outfalls comprise a common, well-studied and well-understood method of 
wastewater disposal in the absence of toxic ui hazardous wastewater constituents. For the 
circumstances in Salalah, where such substances will not be present and where the effluent 
will be highly polished, reliability issues will centre on structural questions (e.g. ability of 
the outfall to withstand khareef storms and location where it will not be damaged by 
anchors) and ensuring that clogging with sand does not occur because of infrequent use of 
the outfall. These are design issues and do not detract from the feasibility of marine 
disposal. 

Ample indication of system capability and impending expansion requirements will be 
provided by the results of recharged water level and quality monitoring which will reveal 
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any significant changes in the aquifers or in the sea and marine bottom, records of'reclamation plant inflows, operations and effluent quality, and studies to be conducted in
relation to treatment of trade wastes at Wadi Qaftawt. 

With tais information in hand, there will be the necessary flexibility and adaptability to
enable recognition weil in advance of any need to: advance or retard the design andconstruction of reclamation plant expansiolus; change their design criteria; or provide fortransfer of flows and loads between the central and industrial wastewater systems. 

Although the proposed treatment and disposal technologies are well-proven, it is necessary
to confirm injection or infiltration disposal feasibility, arid t develop disposal designcriteria, that are suited to this specific location. For this reason, detailed design will be
preceded by pilot field investigations. 

The feasible operation of the facilities for wastewater reclamation has been well
demonstrated in other uses of the same process train. In addition, flow monitoringdevices, a process monitoring laboratory, operation and maintenance manuals, spare partsand tools (as for all mechanical facilities) will be provided. The pumping equipment itemsinvolved are all of common design and easily operated. Redundancy is included both in
mechanical equipment and in power supply. Sewer cleaning equipment will be provided.In case of difficulties or breakdowns in the reclamatiou plant, bypass storage will beprovided for storing, and pumping back for later treatment, flows that cannot be fully
treated when received. 

Operation and maintenance of the wastewater system will be undertaken through a five-yearoperation and maintenance contract with provision for renewal as appropriate. Theproposed twinning arrangement will provide models for management of O&M for thelonger term, as well as training opportunities. Offshore management training is also 
included in the Masterplan programme. 

8.2 Economic Feasibility 

8.2.1 Economic Feasibility of Water Supply Component 

The benefits for potable water supply systems not fully economically quantifiable.are 
Since water is essential to support life, the principal benefits relate to health conditions andquality of life. Provision of water can also lead to increased production and employment. 

The selected water supply system for Salalah was mainly chosen on the basis that it was the
least cost system. Other criteria were also considered in the selection but the relatively low
economic cost was one of the key factors in the selection. The selected water resource
alternative, involving relocation of fodder from Garsiz Farm and aquifer recharge, had aunit cost for supply of water of RO 0.064 per cubic metre, which included all capital and
recurrent economic costs discounted by 10 percent per year over the planning period toobtain the net present value in 1991. The next least cost alternative involving fodderrelocation and development of new water sources in the Jebel front had a unit cost of RO
0.071 per cubic metre, or II percent higher. Two other alternatives were also considered,both much more costly. One included aquifer recharge and substantial use of new, as yet
unproven, water resources in the Jebel front and in Wadi Darbat, and the other system
included desalination and had an average unit cost of RO 0.189 per cubic metre. 

To compare the economic value of the water supply component with the economic value of
alternative projects or with the opportunity cost of capital, it is necessary to imputeeconomic value of water. 

an
In the absence of a freely determined market price for water theMolt MacDonald Masterplan for National Water Resources, December 1990, adopted the"willingness to pay approach" to evaluate the economic value of potable water. With this

approach the economic value must be equal to or exceed the amount presently charged to 
consumers, namely 440 Baisas per cubic metre for domestic consumers and 660 Baisas for 
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large users, such as industries and institutions. To the extent that consumers pay these 
rates and ("o not opt out of the system by using unsafe groundwater from dug wells 
instead, this is a fair measure of the minimum value of water. For this reason, the 
Consultant has adopted the same approach to facilitate conmarison with other water supply 
projects. 

Conversion of financial prices to economic values has been i':.d2rtaken by including the 
value of subsidies. Principally, this concerns electricity which at present is heavily 
subsidised. Its economic value is based on the estimated cost of production, namely, 50 
Baisas per kilowatt per hour. 

An Economic Internal Rate of Return, EIRR, analysis has been undertaken for the water 
supply component. The life of the project is 30 years. The capital costs include a grant for 
the capihal costs of relocating Garsiz Farm fodder production to the Nejd, but no related 
recurrent costs, since it would be financially viable after provision of capital costs. The 
capital costs of the water supply system include water resource evaluation, wellfield 
development, trunk mains, distribution reservoirs, a pump station, distribution mains and 
metered connections, and are spread over three stages starting in 1991 and ending in 2010. 
These costs are shown in Appendix D Tables D.13 and D.14. Recurrent costs for the 
water supply system only are taken from Table D. 16 with the cost of electricity converted 
to an economic cost. After 2010, recurrent costs are assumed to remain constant. The 
economic benefits are derived from the sale of incremental water supplies provided between 
1991 and 2020, with large users paying 660 Baisas per cubic metre ?nd domestic 
consumers 440 Baisas. In addition, there is a charge of RO 50 for each new water 
connection, which it is assumed water consumers are willing to pay followving the
"willingness to pay approach" adopted above. 

The EIRR for the water supply component is 4.8 percent, computed from Attachment 2 in 
Appendix M. Sensitivity analysis was undertaken assuming increased capital costs, 
increased price of water and excluding the costs of relocating fodder production from 
Garsiz Farm to the Nejd. The results of the EIRR analysis are as follows: 

Percent 

Base Case 4.8
 
20% increase in capital costs 4.1
 
20% increase in price of water 7.2
 
Excluding fodder relocation costs 5.7
 

These rates of return are low in comparison to those of other resource development 
projects, and are below the opportunity cost of capital. However, as noted above, because 
the true economic value of water cannot be ascertained the quantification of economic 
benefits is artificial. However, they provide an indication of the economic value of the 
project which can be compared with other water supply projects. The results of the 
sensitivity analysis do not indicate any major change in the EIRR value. An increase in 
capital costs has a negligible impact, and excluding fodder relocation costs only increases 
the rate to 5.7 percent. A 20 percent increase in the price of water would increase the EIRR 
to 7.2 percent. 

8.2.2 Economic Feasibility of Wastewater Component 

Benefits for the Salalah wastewater system are also largely not economically quantifiable 
because they consist primarily of providing improved health for the population, and 
enhancement of the amenity value of Salalah city. In particular the wastewater component 
would improve and protect the urban environment which, because of the current use of on
site soakaways and septage pits, is unsatisfactory. 
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The wastewater component encounters a more serious methodological problem than thewater supply component in that there is no market price for wastewater services. The same'willingness to pay approach" is adopted. However, because there is no existing
wastewater collection and treatment in Salalah, setting an appropriate tariff which 
consumers can be expected to pay for wastewater services is necessarily a subjective
exercise involving assessment of affordability, ability to maintain traditional or existingwastewater disposal facilities and public attitudes to the nuisance value of leaking septage
pits. 

Because wastewater volumes are directly related to the volume of water consumed theproposed tariff for wastewater services is 50 percent of water tariffs, namely 220 Baisas 
per cubic metre for domestic consumers and 330 Baisas for large users. The tariffs for 
water and wastewater would, therefore, be combined. 

An analysis of affordability of water and wastewater tariffs is included in Appendix M,
Attachment 3. This analysis includes a proposal to introduce a stepped tariff structure togenerate the same level of water service revenue currently provided by the flat rate tariff of440 Baisas per cubic metre. The disadvantage of the present structure is that all domestic 
users pay the same tariff and water consumed by lower income households to meet basic
m.inimum human needs is charged at the same rate as water consumed for non-essential
domestic use. The advantage of introducing a stepped tariff structure is that it would 
encourage both th, use of potable rather than unsafe water by low income consumers and
water conservation overall. The analysis indicates that the proposed combined water andwastewater tariff would be less than 5 percent of incomes of those in lo~v income
households and would probably fall in the range of 2 to 2.5 percent of all household
incomes. The proposed tariff is, therefore, considered to be affordable by all residents of 
Salalah. 

An Economic Internal Rate of Return analysis has also been undertaken for th- -astewater 
component using an economic value for electricity. Capital costs over thi 991-2010
investment period are derived from Tables D.9 - D. 12 in Appendix D. Recun -. costs for
the system are taken from Table D.16. After 2010 recurrent costs are as: ned to beconstant. Economic benefits are derived from the provision of wastewater services forwhich a surcharge on the water tariff is levied. A second source of economic benefits is thevalue of reclaimed wastewater recharged to the fresh water aquifer which is then available
for reuse. This value is the opportunity cost of providing an alternative water supply from 
desalination at a cost of 640 Baisas per cubic metre. 

The EIRR for the wastewater component is 9.7 percent computed from Attachment I in
Appendix M. Sensitivity analysis was undertaken assuming increased capital costs,
increased combined water and wastewater tariffs and reduced water receipts. The results of 
the EIRR analysis are as follows: 

Percent 

Base case 9.7 
20% increase in capital costs 7.5 
20% increase in water and wastewater tariff 11.0
 
20% decrease in water and wastewater revenues 8.2
 

These rates of return are slightly higher than those for the water supply component, but arestill generally low. Because of the artificial valuation of the wastewater benefits their 
importance is limited. 

The Masterplan cost data in Appendix D include the costs and benefits of aquifer rechargeas part of the wastewater component. Aquifer recharge could, however, be considered as 
part of the water supply system as it contributes to the available water resources of the freshwater aquifer. Since the economic benefits from recharging the aquifer (valued at theopportunity cost of using desalinated water) amount to more than half of all the wastewater 
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economic benefits, transferring them from the wastewater component to the water supply 
component would substantially increase the EIRR of the latter and reduce that of the 
former. 

Finally, aquifer recharge would provide an additional, non-quantifiable economic benefit 
by maintaining the quality of the fresh water aquifer and by reducing saline and brackish 
water intrusion. This impact on water quality would have a positive impact on crop yields 
for those farmers located at the interface of brackish and fresh water. 

8.3 Social Feasibility 

8.3.1 	 Basis for Evaluation 

The following analysis was prepared with the assistance of Dr. Miranda Morris. Dr. 
Morris is an Arabic-speaking social scientist. She conducted numerous interviews with 
householders, officials and others over a period of six weeks. The social issues of 
concern are: 

o 	 Acceptability of mains sewerage; 

o 	 Connection to sewers of sub-standard housing; 

o 	 Private wells; 

o 	 Water consumption by mosques; 

o 	 Acceptability of reclaimed water; 

o 	 Educational and public awareness programmes; and 

o 	 House to house survey. 

8.3.2 	 Acceptability of Mains Sewerage 

Connections to a mains sewerage system will, in the end, have to be compulsory, rather 
than voluntary. Research to date has shown that connection to a mains sewerage system, 
far from being resisted by household owners who actually live with their families in the 
houses they own, would in fact be welcomed. The reasons given for this are usually as 
follows: 

o 	 On a small building plot, the area taken for the digging of a septic tank is thought to 
be, comparatively speaking, large, and consequently the foundations of the house 
are put at risk; 

o 	 The difficulty of arranging to have the septic tank emptied: despite the fact that 
private enterprise is now also licensed to remove waste, in addition to the 
Government service, it is still often difficult and always time consuming for the 
owner to find and obtain the services of a bowser; 

o 	 The cost (private or Government) of RO 5.00 - RO 7.00 per emptying; and 

o 	 The unpleasantness of the operation. 

It may be said that the Muslim population as a whole finds the whole business of sewage, 
pit emptying etc. intensely distasteful, and would be very glad to have the whole matter 
taken out of their hands. They are in general well prepared to pay for this service. When a 
possible sum of RO 250 for thIe connection charge has been suggested, the reaction has not 

8-10 

I 



been one of horror, but of pleased surprise that the whole matter can be settled at such a 

reasonable cost. 

The following figures for other services have been offered in comparison by householders: 

o Connection of water RO 50 

o 	 Connection of electricity:
 
- Single phase 
 RO 200 
- Three phase RO 300 

o Connection of telephone (only if cable already exists) RO 24 

o Cost of construction of a single minimal bathroom RO 300 
(latrine plus one shower) 

Any problems that might be encountered can be expected to come mainly from those who 
do not live in the houses they own, such as those who: 

" Have built houses in Salalah for speculative purposes, often borrowing heavily to
do so, and have then been unsuccessful in renting them, and consequently will be 
reluctant to incur further expense; 

o Are multiple property owners; and
 

o 
 Occupy their Salalah houses only seasonally or occasionally. 

Compulsory connection into the mains sewerage seems the only solution in such cases,
with easy terms of payment for those who suffer from, or claim to suffer from, financial 
constraints. 

8.3.3 Sub-standard Housing
 

The Masterplan Priority Works area contains within it areas 
of sub-standard housing. 
These include: 

o Areas of ruins; 

o Areas settled in the 1970s; and 

o Formerly settled areas.
 

In such areas there will be serious difficulties in provision of early sewer service.
 

Areas of Ruins
 

In Dhariz, Awqad South, Al Hafah, Al Hasn and Old Salalah (Ruwas, Al Marhoon,
Sadah) there are areas of former settlement, including many multi-storied stone houses,
formerly the homes of the more wealthy members of the Salalah community. While the
majority of these are in ruins, a few have been partially or completely restored while 
rooms in others are let to expatriates, mainly Asian. These premises have minimal or no
plumbing facilities and are generally in a very poor state of preservation. 

Some of these buildings are undoubtedly of historical and architectural interest, and as such
the Ministry of Culture and National Heritage should be involved in their designation andconservation. The ownership of such large houses is currently shared by all the 
descendants of the original owner. 
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Among the ruins of the larger houses are smaller, single-storied homes (old and new), 
small shops and businesses. Some modem houses have been constructed among the 
ruins. 

The connection of such premises to the new sewers should be delayed until such time as 
decisions have been made regarding such matters as conservation, demolition, levels of 
compensation and replanning. 

The alternative of delaying the installation of sewers in such areas would deprive those who 
have already built modem homes in these areas of the benefits of modem sewerage and 
water distribution systems. 

Decisions will have to be made at the outline design stage on the practicability of installing 
sewers in each area that has been or may be designated for replanning within the Priority 
Works Area. 

Since more than one Ministry will be involved in the making of such replanning decisions, 
and in the drawing up of the necessary rules and regulations (regarding such matters as 
compensation, issuing of alternative building plots and so on), this is likely to be a long 
drawn out process. The implementation of the sewerage programme must therefore 
proceed without waiting for final decisions on replanning. The above proposal to provide 
sewers wherever feasible but delay house connections where necessary is expected to 
accomplish that. 

Areas Settled in the 1970s 

When Salalah began to expand in the early 1970s, as people from the rural areas were 
allowed to settle in the urban area, particular areas of Salalah were very quickly built over. 
In the absence of relevant official bodies with the powers to oversee and regulate such 
construction work, this development was haphazard. The areas of Al Qaradh and Al 
Mu'tazah are clear examples of such uncontrolled urbanisation. The most commonly 
available building materials in the first half of the 1970s were Taqah limestone bricks and 
plywood, later replaced by concrete blocks, or, more commonly for the poorer household 
owners, by an outer plaster coating covering the limestone bricks beneath. 

These areas of early 1970s settlement are today a confused and overcrowded maze of 
small, single-storied houses interspersed by narrow alleyways. With the passage of time, 
some of these earlier houses have been replaced by new buildings in a multiplicity of 
styles. U.r-modern homes stand surrounded by older houses in various stages of 
dilapidation. Some owners have long since abandoned their original limestone houses for 
new houses on building plots outside the area, while others either have no alternative 
building plot, or are unable to afford the costs of further developing their current one. 

Many of the old houses are let to expatriates, mainly Asian. Others have become goat 
pens, store rooms, small shops etc., and many stand empty. The level of plumbing in such 
older dwellings is generally unsatisfactory. However, as in the areas discussed above, 
there are house owners who have recently built modem houses on the site of their old 
houses. 

Formerly Settled Areas 

There are other areas of older (pre-1970s) settlement in Salalah, where homes of palm 
branches, stone and mud were replaced in the 1970s by one-storey houses of limestone 
blocks and later by cement. Such areas are mainly to be found along the coast, in the old 
Al Hasn area and around the old market area. In many cases, the owners have moved out, 
and the houses are rented out to expatriates, mainly Asian. Others are lived in by owners 
who have no other building plot, or who cannot afford to further develop the current site. 
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These houses are usually unsatisfactory as regards plumbing. They include many of the
single-room 'shops' to be found in and around the old market, such as tailors, laundries 
and cafes. These shops bAve no washing or latrine facilities. 

The Al 	Hasn area is a special case in that the land belongs to the Palace and not to the
inhabitants of the houses. The houses here were all palm-branch huts until the 1970s. 
Drinking water was brought in from outside, while yard wells provided washing water.
Sanitation was by dry pit latrines (which, as in all areas close to the sea, fill very quickly
during the monsoon when the tide is high). When filled they were covered over and
another dug alongside. Some of the homes visited in Al Hasn have as many as eight old 
pits under the flooring of a single room. 

The sanitation system was much the same in all the older areas of Salalah - the ground
beneath former house sites being peppered with old latrine pits. 

The problems to be addressed here are not exactly the same as those in the ruined areas 
discussed above. For instance, there are probably no buildings of historical or architectural
interest, nor is there the problem of multi-ownership of a property. The problems here are 
primarily those of: 

o Access difficulty including difficulty of installing sewer connections; 

" The suitability of some of these homes for the installation of a modem plumbing 
system and flush toilet; and 

o 	 Overcrowding and unplanned settlement. 

It is understood from the Municipality that many such areas are due for replanning, but that 
as yet no firm decisions have been made. 

Decisions about the fate of these areas are not likely to be made before the implementation
of the Masterplan. Such decisions involve such matters as levels of compensation, re
issuing of building plots elsewhere, demolition of the most overcrowded areas, and grants
for those financially unable to improve their homes to the necessary miminal standards. It
is also necessary -)r the relevant Ministries (such as the Dhofar Municipality and the 
Ministry of Housing) to determine: (a) what constitutes sub-standard housing (b) what
constitutes minimal acceptable standards of housing, and (c) what is to be done about sub
standard housing once it has been defined as such. 

Much sub-standard housing will be found to be let to and lived in by expatriates, where 
severe overcrowding and lack of facilities is the norm (individual rents being as little as RO
2.000 a month). However, various points need to be taken into consideration, including: 

o 	 If such overcrowded, sub-standard housing is to be demolished, where is 
alternative cheap accommodation to be found? 

o 	 If owners of such sub-standard housing are to be encouraged/ forced to improve
their properties to an acceptable minimal standard (or have them knocked down),
should legislation be introduced to limit the numbers of persons such buildings may
be permitted to house, to minimise the health risks and the subsequent deterioration
of the 	property as its limited facilities are over-exploited by large numbers of 
people? 

o 	 Latrine and washing facilities exist, attached to each mosque, open day and night
to all who wish to make use of them. Given the high number of mosques in Salalah
(77 registered, October 1991) it would seem reasonable to introduce a penalty for 
fouling the streets and alleyways. 
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0 	 It would perhaps also be desirable, as has been suggested, to introduce legislation 
enforcing the construction of one latrine and washing facility per block of 
shops/small businesses (at the expense of the property owners), such facilities to be 
shared by all the employees in that block. This would be a temporary measure 
only, but such communal facilities could be connected to the public water supply 
and sewerage systems. 

In order to enable the Masterplan sewerage programme to proceed, it is necessary to 
identify blocks that contain (a) housing and (b) street,, that are subject to early 
redevelopment. It is not necessary to define the precise nature of the redevelopment. 
Sewers should be provided if the streets (or open spaces that will have streets constructed 
in them) exist and are not subject to replanning. Only where such streets or open spaces do 
not exist should the sewers not be installed in the Priority Areas. However, the actual 
connection of premises where flush toilets are not appropriate should be delayed. This 
requirement makes the proposed house to house survey very important (see Sections 
6.2.2.2 and 8.3.8, and Appendix L). 

8.3.4 	 Private Wells 

Private wells exist widely throughout Salalah. To own a private well is a widespread 
ambition. Private wells, as well as being of value for domestic and agricultural purposes, 
can also be a source of income : the selling of water from some private wells is a 
flourishing business. (That it is economically worthwhile to sell water is further 
demonstrated by the recent entry into the market of people from the rural areas trucking 
and selling Jebel water in both urban and rural areas.) 

Wells with a bowser point sell water generally at the following prices: 

To fill a small 600 gallon bowser 100 Baisa 
To fill a bowser of 1,000 - 5,000 gallons 200 Baisa 
To fill a bowser of 6,000 gallons or more 300 Baisa 

The prices are the same for potable or non-potable water. Even where water from a well 
has been declared to be 'not suitable for drinking' it is still much in demand. Water from 
private wells is sold for domestic consumption, for use in construction and industry, for 
the watering of the increasing number of private gardens, and for weddings and othe 
private functions. 

Some general prices for the onward-sale of water from privately owned wells are given 
below: 

(a) 	 Delivery of a total bowser load of water 
Small bowser RO 2.000 - RO 3.000 
Large bowser RO 4.000 - RO 5.000 

(b) 	 Hire of a bowser for a day (for a wedding, a party, a construction site) 
Bowser remaining on site/half day RO 10.000 - RO 15.000 
Bowser not remaining on site Payment by trip as above 

(c) 	 Filling four 45 gallon tanks (an average number of tanks for a 
Jerbeeb household) RO 4.000 - RO 5.000 

(d) 	 Washing a vehicle 
By hand RG 5.000 
Automated carwash RO 2.000 - RO 3.000 

The above prices are averages only, as prices fluctuate according to demand. 
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To demonstrate the potential profit to be made from water selling, it can be seen that a 600 
gallon bowser that fills up for 100 Baisa can supply, for instance, thirteen 45 gallon tanks 
for a fee of RO 13.000 - RO 16.000. 

There are apparently no Government restrictions on the establishment of a bowser point.
Whereas from the figures it can be seen that a well owner p__r s does not make much profit
from selling his water, a well owner with a bowser can currently derive considerable sums 
from his well. Although at the moment the number of bowscr points beside private wells is 
not high in Salalah, they may well be expected to increase if Government water is 
increasingly scen as being expcnsive. 

The water from a well producing potable water issold for drinking purposes to those who 
are not connected to the mains water supply. The demand for such water is high for
settlements everywhere on the Jerbeeb, and isespecially high during the monsoon season,
when the Jerbeeb areas fill tip with those coming down from the mountains, and those 
leaving the town to camp on the plains. The monsoon season is likewise a popular time for 
construction work, and water prices during this period generally tend to be at their 
maximum. 

Thus, much as a land owner rents out his agricultural land to an expatriate to farin, so will a
well owner (especially one with a bowser point) rent out his water to someone to manage.
Those who own bowsers then make arrangements with the manager of the private well.
Owners of private wells also, of course, use well water for their own domestic needs 
(though rarely, it seems, for drinking). 

Government bowsers deliver to those who have no piped water who have signed on at the 
Water Department. Customers are billed monthly, at a rate of 2 Baisa per gallon. 

The Government has two bowser points in Salalah, which also sell water to private
bowsers at the price of 3 Baisa per gallon, making the cost of filling a small 600 gallon
bowser RO 1.800 (rather than the 100 baisas for filling it from a private well). 

The Government water bowser service is used less than might be expected due to the 
following factors:

" 	 Government water, though widely accepted as being 'purer' and 'cleaner' than 
water from private wells, is also much more expensive; 

o 	 Government bowsers are limited in number; and 

" 	 The general reliability and availability of the Government bowser service is seen as 
being inferior to that offered by the private sector. 

There are apparently no restrictions on the setting up of bowser points for private wells,
although MWR is moving to control this activity. As water becomes more expensive it can
be expected that more private well owners will enter the field purchasing bowsers and 
setting up bowser points. 

The metering and testing of water abstracted from private wells isessential. It seems clear 
that abstraction rates are high, and may be expected to rise. Contamination of some private
wells has also been detected. 

It isessential to distinguish clearly between different sources of water, and to regulate what 
water should be used for what purpose. Only water from the public distribution system
should be used for drinking and ritual ablution, while all other water should be regarded as 
non-potable and be used for such purposes as washing, construction, industry, agriculture
and watering of private gardens. (An exception is drinking water sold in bottles with 

8-15 



sealed caps and derived from known sources approved and monitored by the Health 
Department). 

It is concluded that the continued use and expansion of the public water supply is socially 
feasible. From a public health point of view, there will be continued use of private well 
water, not only for agriculture, but for a wide range of uses including potable use, unless 
controls are applied. 

8.3.5 Mosques 

Mosques are heavy users of water. The Ministry of Awqaf at present lists 77 mosques for 
Salalah. (This does not include mosques belonging to the Palace, the small mosques such 
as those attached to shrines and graveyards, or the the mosques at Taqah, Raysut, Ayn 
Arzat etc. ) 

As well as offering facilities for ritual ablutions, the mosque latrine and washing facilities 
are open for use by any member of the populace. While water use is metered (except for 
those mosques which have private wells, such as the large Shanfari mosque), the mosques 
are not billed for water usage. 

It has been suggested that taps (often left running over long periods) should be replaced by 
automatic shut-off water points. There is no doubt that this would save water, but billing 
for water consumption could also be expected to be equally effective. 

8.3.6 Acceptability of Reclaimed Water 

Interviews conducted with a number of persons have shown no resistance either to the idea 
of reclaimed water or to the proposal for its use for a variety of purposes. As might be 
expected, reservations were expressed regarding its use for drinking and ritual ablution 
purposes (neither of which, of course, has ever been under consideration). Indeed, the 
suggested use of reclaimed water for agricultural purposes was seen as being eminently 
reasonable (especially for the growing of fodder crops, coconuts and other fruit crops, and 
for gardens and amenity plantings. Reservations were expressed about the use of 
reclaimed water for the growing of vegetables which are eaten raw, such as salad 
vegetables. 

The existence of a market for reclaimed water has been demonstrated by the discovery of 
the sale (now forbidden) of such water from Qaboos Hospital to private farms in the area. 
There was no reluctance on the part of the farmer to use such reclaimed water for 
agricultural purposes. 

In general it can be said that the idea of the use of reclaimed water for agriculture is socially 

acceptable. 

8.3.7 Educational and Public Awareness Programmes 

The need for and basis of a community information campaign are presented in Appendix L. 
There is a need for making clear to the general public the following: 

o That over-abstraction of the Salalah aquifer is a fact. 

This is often claimed not to be the case, even by those who should know better. 
Stories of vast reserves of untapped water - 'somewhere in the mountains',
'somewhere in the Nejd' - abound, and it is important that these be refuted as 
clearly as possible, and the real facts of the matter explained. 
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o What the inescapable consequences of such over-abstraction are: 

This should include clear demonstration of the saline intrusion already occurring (as
into some of the small farms in Dhariz and Awqad South). Ideally, such a public 
awareness programme would also tackle the desalination question, and try to
demonstrate that it is not the easy alternative that it seems, nor is it an economic or 
truly viable solution to the problems facing the Salalah region. 

0 That water is immensely valuable, and can and should be conserved - at the
personal, home, and institutional level, with a demonstration of such water 
conservation measures. 

0 That since water is a precious and limited resource, and that it costs money to 
capture, purify and deliver it. Government water has to be paid for, but is safe to 
drink (with the subsidiary that the drinking of water from private wells is not safe.) 

o That a mains sewerage system brings clear benefits to the whole community in 
terms of improved public health, lessening of public nuisance, improvement of the
living environment, and improved purity of groundwater. 

The guidelines and basic information data base for such public awareness programmes
would be prepared by, and be the responsibility of, the Dhofar Municipality. It is already
planned to open a Public Awareness Office within the Dhofar Municipality in the near
future, which would be the ideal coordinating body for such a wide-ranging educational 
programme. 

However, other ministries certainly have a part to play including: 

o The Ministry of Health 

Qaboos Hospital and the Public Health Department in Salalah, and the Department
of Environmental Health in Muscat have important roles. The Qaboos Hospital is
widely used by the public, and there is an ideal opportunity here for the display of
leaflets and posters in the main waiting areas, in clinics, in reception, etc. The 
Ministry of Health already has wide experience in promulgating information by
such means, and its cooperation should be sought from the beginning. 

" The Ministry of Information and Youth Affairs 

This ministry has many youth clubs throughout the region, and uses television (and 
to a lesser extent, radio) programmes. 

" The Department of Labour 

This department could assist in drawing up regulations controlling overcrowding in
rented expatriate accommodation, and in supervision of such accommodation. 

" The Ministry of Social Affairs and Labour 

This ministry has contacts with the more disadvantaged members of the 
community. 

" The Office of the Minister of State and Governor of Dhofar 

Through meetings with the various heads of departments, this office can explain the
proposed programme. By issuing inlormation leaflets to those members of staff
who come into daily contact with members of the public, it can arm with them with
the necessary facts, and enable them to inform, answer queries and allay fears. 
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It is important to quash rumours and speculation from the outset. For this to succeed, all 
sectors of Government must speak with one voice. The job of the proposed Public 
Awareness Office in the Dhofar Municipality is of key importance, and relevant material 
should be prepared well in advance of the physical implementation of the Masterplan. 

This programme is very important to the social feasibility of the Water and Wastewater 
Masterplan. 

8.3.8 House to House Survey 

The need for and basis of a customer canvass, or house to house survey, is presented in 
Appendix L. The Dhofar Municipality has suggested that teams of school leavers be 
employed for the period of one year to assist the design consultant in carrying out the 
survey, those who prove to be promising material to be subsequently offered permanent 
jobs with the Municipality. This seems an excellent opportunity to give relevant training on 
the job, and certainly the survey is unlikely to succeed without the full involvement of 
Omani personnel. 

Such a house to house survey will need careful planning if it is to be successful. There will 
be a tempting opportunity for the government to try to obtain as much supplementary 
information as possible from the survey, and to request the inclusion of material not strictly 
relevant to the matter in hand. The Consultant will have to decide on his priorities and the 
framework of the survey early in the implementation period. 

This survey is crucial to the effective planning and execution of the house connection 
programme. 

8.4 Institutional Feasibility 

8.4.1 Allocation of Functions 

Institutional feasibility requires that functional assignments be appropriate and that the 
organisational components be competent to carry out those assignments effectively and 
efficiently. 

8.4.1.1 Water Supply 

In general in Oman, water supply services are provided by the Ministry of Electricity and 
Water (MEW. The principal exceptions are Sohar (water services provided by the Diwan 
of Royal Court) and the Dhofar Region. In the absence of any need for desalination in 
Salalah, there is no reason to suggest the assignment of this function to MEW or any other 
agency outside the administration of the Minister of State and Governor of Dhofar. Even if 
a desalination plant were needed, while its design, construction and operation could 
appropriately be managed by MEW (because of the close relationship to power production, 
and the experience of MEW in desalination), MEW could sell the water on a wholesale 
basis to the existing, or to a revised, authority based in Salalah. 

Organisational arrangements for the water functions within the Governorate of Dhofar, 
however, are affected by the need to provide not only for water supply and distribution but 
also for water resources management and for wastewater service and, to a lesser extent, by 
the need to make minor operational improvements to water supply. Organisational
recommendations by the Consultant are outlined in Section 6.4.1. These recommendations 
concern overall jurisdiction, organisational structure and methods. 

The feasibility of implementation of the Masterplan programme for water resources and 
water supply development is dependent not only on the implementation of its hardware 
components, but also on very important non-structural measures. These measures depend 
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on effective interactions 	between the water authority and other government agencies at a 

They also depend on the closest possible coordination of water supply and 
very high level. 

to aquifer management 	and recharge, 
wastewater management including in relation 

allocations of water sources to particular uses, revenue generation for water and wastewater 
For these 

services, and management of water supply and wastewater customer relations. 
water supply component may be 

reasons, although implementation of the Masterplan 

feasible without any jurisdictional or major organisational change, its feasibility is greatly 

enhanced by the strengthening recommendations presented in Section 6.4.1. 

8.4.1.2 	 Wastewater 

no sewerage function in Salalah, it is necessary to establish an 
Since there is currently 

The Dhofar Municipality had prepared a proposed staffing
organisation to deal with it. 	

Section 6.4.1 outlines the pri"Icipal
scheme for a new sewerage and drainage department. 

options available and concludes that a combined water and wastewater agency, at a higher
 

level than either the previously envisaged wastewater department or the existing Water
 

Supply Department, should be established within the Municipality. This proposal appears
 

with existing organisational philosophy and
 
terms of compatibilityto be feasible in 


acceptability. Initial indications from senior officials relative to this proposal have also
 

been positive.
 

' of the Masterplan

The effective and timely implementation of the wastewater compone 

will be strongly dependent on the leadership of a senior dedicated manager who, both by 

his personal attributes and by his position in the governmental structure, can motivate, 

guide and influence the many high-level stakeholders and decision-makers whose actions 

Early adoption of the proposed organisational arrangement, or 
will affect the programme. 
one having many of its attributes including high-level visibility and provision for internal 

is a very important element of institutional feasibility for the wastewater 
cohesion, 
programme. 

8.4.2 Institutional Capacity 

the management capabilities and humanonInstitutional capacity depends primarily 
resources of the responsible organisation. 

In Oman, it has been recognised that in order to maintain the desired overall pace of 
These supplemental resources 

development, supplemental human resources are needed. 
of expatriate personnel, 	 contractors and 

have been obtained through the recruitment 
time to develop the requisite cadre of experienced Omani 

consultants. It will take 
and for the full benefits of nationalskilled technicians,professional managers 	and 

Until then, it will be necessaryOmanisation to take effect. programmes in education and 
to continue to rely largely on these outside resource,;. 

The Consultant's recommendations have been prepared with due consideration both to the 

need for high-level, active Omani leadership and for an initially high, but gradually 

decreasing, level of expatriate participation in order to bring the essential skilled experience 

to the programme. 

Provision is included for specific skills training of Omani senior and technical managers 

and for the transfer of management and technical skills from a foreign institutional twin 

water and wastewater utility. Beyond the appointment of a strong Omani leader to head the 

water and wastewater programme, and the inclusion at management and senior technical 

levels of trained and motivated Omanis as they become available, the proposed staffing of 

on the availability of the needed skills and experience.
the programme is based strictly 
Position descriptions and qualification requirements for the positions that need to be filled 

in the near future are presented in Appendix L. Certain areas of programme implementation 
at least in the short term. Continued use of 

are dependent on the use of contractors 
contractors in the longer term is a matter for future governmental policy decisions that 
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should in part be guided by the success with which educated, trained and motivatedOmanis, supplemented by experienced and effective expatriates, have been
retained, and by the level of satisfaction provided by the contractors.
 
In addition to engineering and specialist consultants, and construction contractors, theConsultant proposes that contractors provide the services in wastewater system and water
reclamation plant operation and maintenance (see Section 6.3. 1) and in revenue collection(see Section 6.4.3.3). 

the programme as proposed herein, and little question of the feasibility of using the 

There would appear to be no serious question concerning the feasibility of implementing
institution-building approaches proposed .o create an institutional capability for increasedin-house asset and service management ;n the future, if the government should so decide.Rcgardless of the time scale over which contracting continues to be the mcthod by whichresponsibilities for management of functions are assigned and monitored, thzre is likely forsonic time to be a need for expatriate professionals and technicians at various levels. 

8.5 Environmental Feasibility 

8.5.1 Introductory Comments 
The definition of water supply and wastewater components took into account the locationof facilities with respect to sensitive environmental areas and the potential environmentalimpacts associated with implementation of options. Thus the Consultant bel;eves that muchof the potential adverse impact was eliminated earlier in the planning. 
8.5.2 Environmental Evaluation of Water Supply Components
The environmental consequences of developing the Masterplan water supply componentsare shown in Table 8. 1. The environmental feasibility of the water supply components is
sound for augmented water supply for the Salalah and Saada Wellfields.concern that hardness, chlorides, and nitrates may approach 

There is some 
or exceed Omani drinkingwater standards. Should this be the case, water softening facilities would beimplementation of the Proposed Action is expected to meet f in TSalaheah 3a ea, arver,,1 . , h wri7 fresh water demands for the
Salalah area over the 30 year planning horizon and forestall the need for desalination, while
 

. .. ed ed The 
at the same time remaining environmentally feasible, a significant improvement over the No
Action Alternative.
 

8.5.3 Environmental Evaluation of Wastewater Components
 
The environmental consequences of developing the wastewater components are shown in

Table 8.2. 
 The environmental feasibility of the Wadi Daha Wastewater Treatment Plant isenhanced by its proximity to the Wadi Qaftwat Stabilization Ponds "nd the Raysut Landfill.The treatment process will meet or exceed Omani wastewater discharge and reuse anddrinking water standards for critical biological andimplementation of the treatment works is expected 

water quality standards. The
to reduce the risk of raw sewage
contamination in Salalah, a major improvement over the No Action Alternative. 
Monitoring has been recommended for quality of influent wastewater as well as treatedeffluent to assure treatment meets design goals. Separate industrial liquid waste treatmentand disposal is considered critical in conserving the treatment capability of the proposedtreatment plant. 
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TABLE 8.1 Summary of Environmental Consequences of the Water 
Supply Components 

Masterplan Component 

Proposed Action: 
Wadi Adawnib Catchment 

Jebel Front Exploration Areas 

Taqah-Wadi Darbat Exploration
Area 

Salalah and Saada Wellfield 

New Water Pipelines 

Reclaimed Water Recharge/

Injection Well System: 

- Garsiz Farm 


Reclaimed Water Recharge/

Infiltration Bed System: 

- Garsiz Farm 


Reclaimed Water Recharge/
Injection Well System: 
-Traditional Agricultural 

Belt 

Environmental Consequence 

Insignificant impact, minor disturbance to 
settlements; no drilling in wadis where 
frankincense grows. 

With monitoring no impact; potential conflict if 
drawdown on existing water supply and 
disturbance to settlements. 

With monitoring minor impact; however both
Khor Rawri and Khor Taqah are environmentally
sensitive areas; hydrology and ecology will need 
monitoring to avert adverse impact; known and
potential archaeological resources in area will need
monitoring during exploration; if inaccessible areas 
are opened to vehicular traffic, potential adverse 
impact could result. 

No impact. 

Minor impact; new pipelines will parallel existing 
right-of-way. 

Major beneficial impact by reducing fresh 
groundwater depletion; 259 ha on the Salalah 
Wellfield Protection Zone would revert to open 
space and 110 ha available for housing (MOH); 
necessary to monitor hardness, chlorides and 
nitrates. 

Major beneficial impact by reducing fresh
groundwater depletion; 259 ha on the Salalah 
Wellfield Protection Zone would revert to open 
space, with loss of 60 ha. for the infiltration beds;
51 ha available for housing development, amenity
plantings or open space; necessary to monitor 
hardness, chlorides and nitrates. 

Major beneficial impact by reducing fresh
groundwater depletion and salinity; potential
archaeological resources areain will need 
monitoring during development; necessary to 
monitor hardness, chlorides and nitrates. 
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TABLE 8.2 Summary of Environmental Consequences of 

Wastewater Components 

Masterplan Component 

Proposed Action: 
Collection and Conveyance to the 
Wadi Daha Wastewater Treatment 
Site 

Wadi Daha Wastewater 
Reclamation Plant 

Wadi Daha Wastewater 
-well injection disposal option 

Wadi Daha Wastewater 
-infiltration bed disposal option 

Wadi Qaftwat Stabilisation Ponds 

8.6 Financial Feasibility 

8.6.1 Development Planning 

8.6.1.1 Overview 

Environmental Consequence 

Nuisance impact of noise, traffic obstruction, and 
possibly blasting (luring construction, minor 
impact, requires permit from ROP; monitoring of 
construction by qualified expert when trenching in 
potential archaeological/cultural resource areas; all 
collector and conveyance pipelines underground; 
about 20 km of trunk sewers and force mains in 
1995 and 37 km in 2010 with II enclosed pump 
stations (back-up submersible pumps and power 
supply) in 1995 and 14 by 2010, no impact and 
very little risk to public health. 
Level of treatment for standard parameters 
complies with Omani wastewater reuse and 
drinking water standards; site (10 ha.) with visual 
barrier and distant from human habitation, odour 
points enclosed, negligible impact. 
About 2 ha for injection wells, pipeline 
underground in uninhabited area, negligible impact 
during construction; injection into brackish aquifer 
not used for human needs; stabilised sludge 
disposal at Raysut Landfill (5 km), insignificant 
public health risk and no traffic nuisance. 
About 60 ha of rangeland in general area of Jebali 
camp sites; some potential archaeological resources 
in general area may need monitoring during 
construction; 
Benefit of treating liquid industrial waste, and 
tankered sewage and to carry general sewage 
treatment until Proposed Action is on line; after 
Priority Works Programme initiated site will 
remain for industrial liquid waste and septage from 
areas not served by the troposed Action treatment 
plant; also beneficial impact from closing dumping 
into Wadi Sahalnawt; minor impact relating to 
meeting wastewater discharge standards, to be 
mitigated in Priority Works Programme; need to 
monitor discharge to tributary of Wadi Qaftwat due 
to potential pooling of water leading to mosquito 
and snail (bilharzia) risk and monitor effect of 
dischargc on frankincense downstream of 
discharge. 

in Oman; the Fourth Five-year Plan 

The Fourth Five Year Plan for Oman embodies the government's projections of total 
revenues, recurrent expenditures and capital investments over the period 1991-1995. A 
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summary of the broad categories and projected amounts, in comparison with the results of 
the Third Five Year Plan, is presented beow in RO million: 

Item Fourth 

(Est.) 

Plan Third Plan 

(Actual) 

Revenues 8,571 6,978 

Expenditures 

Recurrent 
Development 

Total Expenditure 

7,214 
2,236 

9,450 

6,595 
1,982 

8,577 

Deficit (879) (1,599) 

Source: Al Markazi, Central Bank of Oman, Jan/Feb 1991. 

The Fourth Plan provides for a significant reduction in the deficit. (The deficit in fact exists
in large part because of the government's policy of creating reserve funds which are not
considered as revenues in calculating the deficit. The State General Reserve Fund and
Contingency Fund have been established to provide a reserve for future generations and to 
provide funds to be drawn upon or used as guarantees as may be needed.) 

8.6.1.2 Key Provisions of the Fourth Plan 

The specific portions of the Fourth Plan most pertinent to the financial feasibility of the 
Masterplan project proposals are as follows: 

o Recurrent Expenditures 

In making comparisons of Masterplan financial parameters with recurrent 
expenditures and other elements of the Plan, only that portion of the total which
relates to civil ministries is pertinent. Of the total recurrent expenditure shown in 
the Plan, about 46 percent is attributable to civil ministries. This amounts to RO 
3,336 million in total or about RO 667 million per year on the average. 

o Development Costs 

Projected development expenditures for the Plan in the civil works category are RO 
1,279 million or about 57 percent of the total. The average annual expenditure is
thus about RO 256 milli,;, The information available indicates a total of RO 125
million being available for new projects in the Southern Region. 

o Long Term Debt 

Debt totals are not shown in the Plan but external debt, imputed from data shown in 
the World Bank's World Debt Tables, is estimated at about RO 1,100 million in
1991. Short term debt (local sources) varies from year to year; currently (1991)
estimated to be very low, it may have been as high as RO 150 to RO 200 million as
recently as 1990. Net external long term borrowing is shown at zero throughout
the Plan period. (Reports in the local news media indicate that RO 137 million in 5 
year - 8.5 percent bonds will be sold in 1991; the first RO 10 million was opened
for subscription on July 20, 1991.) 
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o Loan Repayment 

Repayment of long term external loans in 1988 was reported to have amounted to 
RO 134 million. Net external borrowing of about RO 100 million in 1988 and 
1989 was offset by debt retirements in 1990. In the light of the understood 
government plan to maintain the current level of external debt, it is assumed that 
annual principal repayments will be at about the same level as in 1988. This means 
that about RO 134 million in long term loans can be taken each year, and still 
achieve the desired stability in the level of outstanding debt. 

The foregoing are the most important features of the Fourtb Five-year Plan in terms of 
providing a bas,; for assessing overall feasibility of the masterplan proposals. Sections 
8.6.2 and 8.6.3 summarise the relevant features of the Masterplan proposals in relation to 
the above factors. 

8.6.2 Proposed Masterplan Expenditures for Water Supply 

8.6.2.1 Financial Feasibility of Water Supply 

The proposed Masterplan expenditures for water supply for Salalah during the 1991-1995 
period are shown in Table 4.2. The largest single item is for expansion of trunk mains and 
distribution lines. With the exception of the farm relocation costs, the programme can be 
considered routine. Potential adverse impacts on development spending are also 
diminished by the fact that almost one third of the RO 12.9 million included in the 
recommended programme has already been approved and included in the Plan. 

Compared with total annual development expenditures for civil ministries projected in the 
Fourth Plan, the water supply programme is relatively small, reaching the level of about 
1.3 percent of the total annual amounts in only one year, 1994. Total water supply 
development expenditures over the five-year period would represent about one percent of 
the total Five Year Plan development expenditures for civil ministries. 

8.6.2.2 Financial Sustainability of Water Supply 

The revenues from water service charges in Salalah are deposited with the Ministry of 
Finance and become general revenues of the Sultanate. It is reasonable to consider, 
however, that financial sustainability objectives have been met if the revenues so generated 
are sufficient to cover all operating and maintenance (O&M) costs. 

Water customers in Salalah are billed at the rate of 2 Baisa per Imperial gallon (440 Baisa 
per cubic metre) for metered consumption. This amount would be equivalent to US$ 4.33 
per 1,000 US Gallons which, based on experience elsewhere, should easily provide 
sufficient revenue to assure sustainability of water supply operations. It should in fact, be 
sufficient to cover financing costs for capital development programmes as well. This 
conclusion appears to be substantiated by an evaluation of the limited amount of financial 
information made available to the Consultant. 

Since financial information concerning recurrent budgets and expenditures for water 
operations was not available for review, it has been necessary to make approximations 
concerning the level of sustainability being achieved under current tariffs. These estimates 
and their sources are listed below: 

o Operation and Maintenance Expenses 

A masterplan for water supply in Salalah prepared internally (Directorate General 
for Water Supply and Transport, undated) projected that O&M expenses would 
reach about RO 1.19 million in 1991. This included 5 percent per year growth 
from the base year (1985) and 10 percent for inflation. 
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o Capital Expenditures, Fourth Five-year Plan 

The same planning document projected capital costs for the 1991-1995 period at RO3.37 million, also including 10 percent for inflation. This estimate was increased toabout RO 3.9 million in the approved Fourth Five-year Plan itself. It is noted thatthere may be some double counting in this figure, since it is the practice of theWater Department to construct a portion of the annual program for distribution
mains under the maintenance budget, using in-house staff and equipment. If thecapital funding requirement was met in full with borrowed funds with interest
assumed at 8 percent per year and repayment over a 20 year period, principal and
interest payments would be RO 0.344 million per year. 

Information obtained from the Customer Accounts Section of the Water Departmentindicates that collections are about 85 percent of the amounts billed. Based on anevaluation of billing records for 1989 and the first 9 months of 1990, metered and billed
consumption for 1991 is projected at about 19.9 million litres per day which would result
in total billings of about RO 3.2 million per year and collections of about RO 2.7 millionper year. This would be consistent with data on actual revenues for 1989 and 1990 which
 were RO 2.4 and RO 2.6 million respectively.
 

The estimated adequacy of water revenues for 1991 could thus be tested as follows: 

Estimated Revenues RO 2.7 million
Estimated O&M Expenses RO 1.2 
Estimated Debt Service 0.4 

Total Cash Outlays 1.6 

Estimated Cash Surplus RO 1. I million 

Thus sustainability appears to be assured. Even if O&M and capital costs are underestimated by as much as 50 percent, there would be a surplus of RO 0.3 million. Also, the
likely double counting (i.e. the probable inclusion in both the recurrent and capital budgets)
of a portion of distribution system costs, and the potential for improvement in theeffectiveness of collection, could result in a further strengthening of the situation. 

The fact that surplus funds are being generated means that there is no net burden on therecurrent budget. The Consultant therefore concludes that the investments contained in theproposed water supply Masterplan are financially feasible. 

8.6.3 Proposed Masterplan Expenditures for Wastewater 

8.6.3.1 Cost Recovery Measures 

The detailed financial analysis contained in Appendix M provides an indication of the levelof service charges that would be required to achieve sustainability in the wastewater programme. Again, the analysis was hampered somewhat by the lack of historic recurrentbudget and expenditure data, but there is a reasonable level of confidence in theconclusions. The level of tariffs required to achieve financial independence and
sustainability is as follows: 

Item Baisa/Cubic Metre 

Surcharge on domestic water bills 220Surcharge on all other water bills 330
Increase in tanker fees for treatment 200 
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The financial projections indicate that the revenues earned from implementation of the 
or two yearsabove tariffs would cover all O&M costs and debt service within one 

following implementation of the Phase /Priority Works Programme. Thereafter, a rate of 
return on the average value of net fixed assets of about 5 percent per year would be earned, 
indicating that a portion of annual capital costs could also be met from surplus funds after 
payment of O&M and debt service. Barring failure to implement the required levels of 

tariffs as noted above, sustainability would therefore also be assured for the wastewater 
programme. 

The construction of a pipe connection to the wastewater conveyance system produces a 
physical asset of lasting value. Since it represents an increase in the value of the privately 
held property, it is appropriate to require the benefiting property owner to contribute at least 
part of the cost of the installation. The Municipality is in fact authorised to recover the 
costs of connections under Article 32 of the Regulations for External Building Drainage 
(Law for Conservation of the Environment and Prevention of Pollution). 

The financing plan recommended for use in implementing the Masterplan therefore includes 
a "customer contribution" provision. For the purposes of illustration, this contribution has 
been suggested at 50 percent of the average cost of connections. It is also recommended 
that after payment of an initial deposit at the time of application for connection, customers 
be permitted to pay the remaining balance in instalments over a five-year period without 
interest. 

The total estimated costs of connections planned to be made through the year 2000 (RO 7.2 
million) represent about 20 percent of total project expenditures. Average connection costs 
at 1991 prices are expected to be about RO 445 for properties which have an existing septic 
tank at the time of connection. Properties developed after the conveyance and reclamation 
systems are complete will not require septic tank installation and the average connection 
costs are estimated to be somewhat lower at RO 400. 

The actual costs of connection will vary widely among various properties. Narrower 
streets and smaller lots in older areas will result in lower connection costs in comparison 
with the more recently developed areas with wide streets and large lots. Institutional or 
industrial properties may require larger pipe sizes and longer connection lengths; in some 
instances, it may be necessary to build on-site collection systems to bring wastewater out to 
the public collector sewers. This suggests the need to establish procedures whereby 
average connection costs are calculated within areas having comparable physical layouts 
and used as the basis for establishing the customer contributions in those areas. Similarly, 
connections made for large institutional or domestic properties may require estimation on a 
case by case basis. 

The impact of such charges would be variable among the spectrum of customers but should 
be manageable. Using 50 percent of the average cost for a property having a septic tank 
(RO 250) and assuming an RO 50 deposit/application fee with a five year payback period 
for the balance, the monthly cost to the property owner is projected at about RO 3.3. 

8.6.3.2 Affordability 

Sustainability, as described above, depends upon the consistent generation of revenues in 
sufficient amount to establish financial self-sufficiency. In turn, consistent generation of 
the required revenues depends upon the ability of customers to pay the established fees and 
charges. It is therefore necessary to give adequate consideration to the issue of 
affordability to ensure that sustainability goals can be achieved. 

Estimates of collection performance on water bills indicate that about 85 percent of the 
amounts billed are being collected. There is an obvious and substantial degree of 
affordability inherent in these results. Although the impact of large institutional customers 
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may distort the situation somewhat, affordability of the current water charges can be taken 
as a given. 

The question of affordability, however, arises with respect to the additional financial
burdens on households resulting from the recommended wastewater tariffs. This issue 
was addressed in Appendix M, Attachment 3. It is concluded that steps should be taken to 
ease the burden (especially for lower income households) resulting from the combined 
water and wastewater tariff. The recommended approach is to restructure the water tariffs 
in a manner that provides lower unit costs for consumption levels within the range required
to meet basic household requirements. Successively higher unit charges would be
established as consumption levels increase which would penalise water use for nonessential 
purposes and discourage waste. The financial feasibility analyses demonstrate how such a 
progressive tariff structure could be designed to accomplish the purpose of assuring
affordability while continuing to generate the level of' to assurerequired revenues 
sustainability. A more detailed tariff analysis would be needed to arrive at an optimum
tariff schedule. This in turn would require, as a prerequisite step, implementation of the
Masterplan recommendations concerning improvement of revenue systems (see Section 
6.4.3.3) to provide the necessary data base. 

8.6.3.3 Financial Feasibility of Wastewater Programme 

The financial feasibility of the expenditures associated with the recommended wastewater 
programme is more difficult to assess. Not only are total capital expenditures significantly
higher, there is an underlying assumption that borrowing will be undertaken as a major 
source of capital funding. Inasmuch as the wastewater entity does not now exist and will 
not likely develop a significant positive cash flow until about 1997, substantial government
outlays will be needed to support the programme several years into the Fifth Five Year Plan 
period. 

Some indicators of how the proposed investments in wastewater would impact the national 
development programmes for civil ministries are as follows: 

o Development Expenditure 

The year during which the proposed wastewater investments would peak is 1994;
the estimated amount required during that year would be about 8.2 percent of the
total estimated developmcnt outlay for civil ministries projected in the Plan for that 
year. Taken as a whole however, the total wastewater development expenditure
would only consume about 2.8 percent of the Plan period total. 

o Recurrent Expenditures 

Forecasts of revenues and net income from wastewater operations indicate that there
would be substantial amounts of cash generated beginning as early as 1997 with 
contributions to investments beginning from 1998 onward in the 30 to 40 percent 
range. Thus for example, while the programme would result in an increase of 
about RO 1.3 million in recurrent expenses in 1997, total operating revenues for the 
same year are projected to be in excess of RO 2.0 million. 

o Long Term Borrowing 

As indicated above, the Fourth Plan is based on the assumption that long term 
external debt will remain constant throughout the Plan period. Borrowing can be 
made each year however, in an amount not exceeding the amount of principal
repayment made in the same year. As noted above, this is estimated to be about RO
134 million per year. In addition, the proceeds from the local sale of bonds can be 
considered as a form of long term borrowing (though the five year repayment
period is less that normally sought for long term loans). The total amount of 
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borrowing recommended in the financing plan for the wastewater programme is RO 
19.0 million. This can be viewed in several ways. In relation to total outstanding 
external long term debt, it would amount to about 1.6 percent. In relation to the 
total amount of "replacement" borrowing to be made during the Plan period, it 
would be about 2.8 percent. 

o Debt Service 

The estimated year of peak debt service for the wastewater financing programme is 
1997, at which time principal and interest payments are estimated to reach RO 2.3 
million. A rough estimate of the impact of this amount on total government debt 
servicing is that it would amount to about 1percent of the total for that year. 

The proposed investments for the wastewater programme would have an impact on overall 
government finances during the Fourth Five Year Plan period. The total investment of 
about RO 35 million, is about 10.0 percent larger than the average of the "Ten Main 
Projects" in the Plan as highlighted by the Development Council. The government would 
need to provide the funding resources throughout the period for development and initial 
support of the recurrent budget during the first full year of operations. The impacts will be 
felt whether or not the sources of funds include borrowing. Overall however, the 
programme should be considered feasible. 

8.6.4 Conclusions on Financial Feasibility of the Wastewater Programme 

In order to fully appreciate the strengths and benefits of the proposed wastewater 
programme, one must consider a time horizon extending beyond a single five year plan 
period. The investments made in the Fourth Plan period will bear fruit during the Fifth 
Plan period. These factors are highlighted in the financial feasibility analyses presented in 
Appendix M. 

Some of the principal conclusions of the detailed analysis are: 

o Methodology 

Traditional forecasting methodology has been employed, similar to that employed in 
appraisal reports of projects being considered for funding by the World Bank and 
other international lending institutions. This provides a framework for "proving" 
and testing the assumptions - to demonstrate that assumed conditions if 
implemented, will in fact meet desired financial performance standards. 

o Capital Funding 

Capital funding has been shown to be developed from a combination of external 
sources (loans or equity) and investment funds from current government revenues. 

o Revenues 

Revenues generated from a surcharge on water bills would be in amounts sufficient 
to provide financial self-sufficiency. 

o Affordability 

Affordability considerations in the proposed financing plan are reflected in a 
proposal to implement a stepped water tariff, with lower than average charges for 
the lower ranges of consumption and higher than average charges for consumption 
levels beyond those required to meet basic household needs. 
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o Cost Reducing/Revenue Enhancing Measures 

Ways and means of controlling costs and assuring that required levels of operating
performance have been identified, including the use of contract operations for the 
wastewater reclamation plant and for management of the revenue system. 

Performance Indicators 

Standard indicators used to portray financial performance are highly positive for a 
socially oriented project of this type. These show for example, an economic 
internal rate of return (IRR) of 9.7 percent for the programme. The financial rate of 
return on the asset values reaches a level of 2.5 percent during the later portion of 
the Fifth Five-year Plan period. 

Overall, the projected financial performance of the proposed wastewater programme is 
highly positive. With only a "medium term view" of say six to seven years, the 
investments should be highly attractive as an addition to the infrastructure of the Southern 
Region. 

Further descriptive information, and all the tables, descriptions of assumptions and 
forecasts of financial statements, concerning the detailed feasibility analysis are included in 
Appendix M. 
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9.0 IMPLEMENTATION PLAN
 

9.1 Implementation Schedule 

Figure 9.! (3 sheets) is the proposed Masterplan Implementation Schedule. 

Sheet 	I of Figure 9.1 shows in summary form the timing of the design, construction and
operations components of Stage I (separated into Phases 1, 2 and 3), and Stages 2 and 3of 
the Masterplan programme. 

Presented on Sheets 2 and 3 of Figure 9.1 is a more detailed display of the components of 
the Stage I schedule, separated into four components: Sheet 2 - Management and 
Organisation; Phase I (Priority Works); Sheet 3 - Phase 2; and Phase 3. The key activities 
comprising each of the four components are shown. 

9.2 Basis of the Implementation Schedule 

9.2.1 Management and Organisation 

The management and organisation component of Figure 9.1, Sheet 2, represents in outline 
form the scheduling of the activities described in Section 6.4 above. 

Following are clarifying explanations of some of the activities shown: 

o In Activity 1, organising the PMU means not only establishing it on paper, but also 
providing it with an experienced manager, administrative staff, physical facilities 
and budget, and also beginning the recruitment of other initial staff (see Section 
6.4.4 above); 

" 	 Making jurisdictional arrangements (Activity 2) includes implementing policy
decisions on organisational and reporting relationships (see recommendations in 
Section 6.4.1.3) and appointing the Director General or Acting Director General of 
Water and Wastewater and the Head or Acting Head of the Revenue Department
(see Section 6.4.4.4); 

" 	 Activity 3 (establishing the new organisation) includes executing the budgeting,
staffing, administrative and other actions needed to create an effective and integrated
organisation at the level needed for the first 6-12 months of operation, with 
provision for adding further staff later as needed; 

o 	 In Activity 4, planning the service connection programme includes: preparing and 
arranging for execution of the needed Local Orders (see Section 6.2.2); reaching 
agreement with Ministry of Environment on the administration of the issuance of 
permits to connect industrial premises to the sewer system (see Section 6.2.2.2 and 
Appendix F); and planning the other elements of the programme; followed by the
execution of a public information programme and customer canvass (see Section 
6.2.2.2); 

" 	 Activity 5 (establishing and implementing the twinning programme) includes 
selecting and executing Ii agreement with a foreign twin water/wastewater utility
with the assistance of a short-term consultant; this is followed by the use of the 
twinning programme for systems development and staff training, as well as 
monitoring and management of the twinning programme (see Section 6.4.5); and 

" Control of industrial wastes (Activity 7) includes the establishment of a small
industrial wastes control inspection and sampling unit the basis of theon 
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recommendations on industrial wastes to be developed under the Priority Works 

design consultancy (see the Priority Works Report, Appendix D). 

9.2.2 Priority Works 

The Phase I component of Figure 9.1, Sheet 2, covers the funding, permitting, design, 
construction and operation of the Priority Works. Basic elements of the implementation 
and scheduling of the Priority Works include: 

o 	 Completion of the works in mid-1995; 

o 	 Starting the design consultancy in March 1992; 

" 	 Preparation of the equipment bid documents on a fast-track schedule by the 
consultant, in order to put them to bid six months ahead of the civil works tendering 
(and providing unified responsibility by providing in both the equipment and the 
civil works documents that the successful equipment bidder will become the 
nominated subcontractor of the civil works contractor); 

" 	 Prequalification of equipment bidders and civil tenderers for the reclamation plant 
and pump stations in parallel in order to: (a) ensure that only qualified and 
experienced organisations will tender, (b) minimise the time required for 
preparation of tenders, and (c) assure equipment bidders that they do not run the 
risk of becoming a subcontractor to an unqualified civil tenderer; 

o 	 Completion of construction of the major works in mid- 1995 and completion of final 
connection of premises to the sewers within 12 months of that time, in order to 
facilitate rapid and orderly startup of the reclamation plant; and 

o 	 Contract operation and maintenance of the facilities to begin in mid-1995, at the 
start of the warranty period, and to continue for five years, subject to renewal for an 
additional period, if warranted. 

9.2.3 	 Second Phase Works 

Included in the second phase works is the upgrading of the Wadi Qaftawt stabilisation pond 
plant and disposal system to meet Ministry of Environment requirements, as proposed in 
Section 5.4.2. This requires the selection and appointment of consultants to start pilot 
investigation work at the beginning of January 1993 on the pilot studies and to continue on 
into design and construction management of all the second phase works. 

Given the nature of the second phase works, fast-track procurement of mechanical 
equipment is not proposed, aiid a reduced construction period is postulated in Figure 9.1 
by comparison with that for the Priority Works. On this basis, the second phase works 
also can be started up in 1995 and, along with the Priority Works, are proposed to be 
incorporated into the Fourth Five-year Development Plan. 

9.2.4 Other Programme Components 

The third phase of Stage I is proposed to form part of the Fifth Five-year Development 
Plan. 

Stages 2 and 3, which include among other facilities (;xpansions of the central water 
reclamation plant, and the conveyance of Raysut Industrial Estate and New Industrial Area 
wastewater into the sewerage systems, are proposed for incorporation into the Sixth and 
Seventh Five-year Plans respectively. 
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9.3 Early Financial Actions 

9.3.1 Basis 

There already exists a solid base of planning, budgeting and financial management
experience in Salalah in relation to water supply. The main areas where important new
financial decisions are required are related to the proposed wastewater programme,
although certain recommended financial management actions are common to both the water 
supply and wastewater programmes. 

The steps presented briefly below are expanded on in Appendix M. 

9.3.2 Actions Proposed 

The principal actions proposed are: 

I. Reach agreement on the objectives of the wastewater system financial plan 

Decisions need to be made about the relative levels of central government versus 
other funding of the wastewater programme, in terms of both capital and annual 
outlays. The principal options are discussed in Appendix M. 

2. Begin the preparation of the funding package for use in project processing 

Proforma financial forecasts are included in Appendix M. They need to be adjusted
in the light of decisions to be made on the principles of funding and revenue 
generation under step I above, to test the effects of various funding mixes and to 
support any preliminary discussions of external funding. 

3. Reach agreement on the wastewater programme capital funding mix 

The capital funding mix for the Fourth Five-year Development Plan component of
the wastewater programme needs to be finalised. A proposed capital funding
profile is presented in Appendix M. 

4. Agree on a wastewater revenue programme 

A decision is needed on the levels of, and mix of sources for, revenue generation
for the wastewater programme. Proposals are included in Appendix M. The 
included financial projections indicate the possibility of achieving by the year 2000 
an annual return of 5 percent of the value of net fixed assets in service. 

5. Evaluate options for optimising financial performance 

Such recommended actions as wastewater system operation and maintenance 
contracting and revenue collection contracting need to be evaluated. With or
without such contracting, a number of financial management improvements,
including the adoption of computer-based systems, are recommended. 

6. Finalise the Fourth Five-year Plan wastewater financing package 

On the basis of the results of the preceding steps, a final financiai package to 
support project fundability needs to be prepared. It should include: the capital
requirements; proposed mix of capital sources; water and wastewate- revenue 
optimisation measures (proposals on this are included in Appendix M); and 
economic analyses of internal rate of return (IRR) and affordability. Such analyses,
based on financial data available to the Consultant and on assumptions about 
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decisions to be made, are included in Appendix M. These give a proforma 

indication that an IRR of 7.6 percent can be achieved on an affordable basis. 

9.4 Urgent Institutional and Management Actions 

9.4.1 Basis 

The required timing and content of broad management and organisational activities is 
presented in Section 9.1 above. The following sections summarise the Consultant's 
recommendations regarding critical early institutional and management actions. 

9.4.2 Make Organisational Decision 

A decision needs to be made regarding the creation of an organisation to be responsible for 
managing the design, interagency liaison, budgeting and financial management, 
construction, customer interactions and operations of the wastewater system. 1, is 
recommended that this be done early enough that the new authority can take responsibility 
for making the early decisions with which it will later have to live. 

The proposed form of organisation is a combined water supply and wastewater directorate 
within the Dhofar Municipality. The rationale for this is presented in Appendix L together 
with details of the proposed structure. 

9.4.3 Retain Engineering Consultants for Central Wastewater System 

A critical early action is the appointment of consulting engineers to prepare the designs and 
tender documents for the Central Wastewater System Priority Works and the effluent 
recharge system, and to provide services during construction. To ensure startup in mid 
1995 as proposed, the consultants should start work in the second quarter of 1992. Their 
work will include pre-design investigations related to effluent disposal and recharge 
facilities. 

Figure 9.2 presents the timing of the key elements of the consultancy scope of work by 
type of activity. More detail is provided in Appendix N by system component. 

The scope of work for such a consultancy is discussed in Appendix N. Some adjustments 
are needed to accommodate the minor changes in the content of the Priority Works and 
recharge programme as presented in Section 5.1 hereof. These are indicated in Appendix 
N. 

9.4.4 Establish the Programme Management Unit 

A Programme Management Unit should be established, initially under the Executive 
Director of the Municipality. This unit should be relocated to the Department of Technical 
Affairs of the new Directorate General of Water Supply and Wastewater as soon as 
possible. 

Initial staffing of the PMU should comprise a Programme Manager, a Service 2onnection 
Planning Unit Manager, a Sanitary Engineer and support staff as set out in Section 6.4.2.2. 
Position descriptions and qualifications requirements are presented in Appendix L. The 
Programme Manager should be appointed at the time of the appointment of the design 
consultants, or as soon as possible thereafter. He or she should participate in the selection 
of the other PMU personnel. 

9.4.5 Establish Management and Financial Systems 

Improved, computer-based financial management and customer records systems are needed 
for water supply (see Appendix L). In addilion, new systems need to be set up to facilitate 
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management of the operations of the new wastewater facilities (see Appendices K and L).
While these systems are not needed for some time, preparatory steps need to be taken soon 
to enable the definition of the improvements required and the design and implementation of 
new and improved procedures. 

The key early steps are: 

1. 	 Appointment of the Director General, or Acting Director General, of Water Supply 
and Wastewater (see position description in Appendix L); 

2. 	 Setting up a short term consultancy, preferably with external funding agency 
support, to assist the Director General to establish a twinning arrangement with a 
mature foreign water and wastewater utility (see Section 6.4.5 and Appeodix N); 

3. 	 Appointment of the Head of the Revenue Department (see position description in 
Appendix L); and 

4. 	 Inclusion of the preparation of guidelines on management system improvements, to 
be implemented in early 1994 in the scope of work of the Priority Works design 
consultant. 

9.4.6 	Other Early Programme Management Actions 

Another early requirement is to establish the bases for: liaison with other agencies;
environmental and other approvals; rights for construction contractors to enter property; 
and control of admissions to the sewer system. 

These, and oversight of ihe services of the design consultant, are key early functions of the 
PMU, and are discussed in more detail in Chapter 6 and in Appendices F and L. 

9.4.7 	 The Privatisation Option 

As indicated in Section 6.4.6, a potentially viable option to public construction and 
ownership of the wastewater reclamation plant is a wholesale build/operate/transfer
scheme. At this time it is not possible to know whether this will yield equal benefits to 
public ownership at equal or lower ultimate cost. It appears probable that there will be 
difficulty in achieving the necessary level of competition. 

If a decision is made to proceed with this option, competitive offers should be sought in 
parallel with the preparation of detailed designs of the facilities. The reasons are as 
indicated in Section 6.4.6. 

The steps in the process would then be: 

I. 	 Decide to seek privatisation offers 

2. 	 Retain a privatisation consultant to prepare prequalification documents for potential 
offerors 

This consultant should: review the privatisation options in consultation with the 
relevant agencies; prepare a summary of the key technical, environmental and 
business conditions that will govern any privatisation agreement; and list the 
experience, financial and other information that prequalification applicants are to 
provide. He would assist the Client in inviting and evaluating submittals. 

3. 	 After the outline design phase of the design consultancy is complete, and when No 
Environmental Objection Certificates have been issued, if a sufficient number of 
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organisations have satisfactorily prequalified, instruct the privatisation consultant to 
prepare invitations to bid. 

The invitations should include: definitions of the environmentally approved
facilities; provision for bidders to examine the plant equipment specifications and 
documents, typical civil works detailed designs and construction specifications
prepared by the detailed dc Ign consultant; provision for offerors to propose
alternative facility plans or arrangements to achieve the originally intended 
objectives; and monitoring, control and performance measurement measures to be 
applied. 

4. 	 Receive the offers, evaluate them with the assistance of the privatisation consultant, 
and decide whether one of them offers a cost saving and overall net benefit in 
relation to the proposed fast-track design and construction contract procedure. 

The estimated time required to accomplish these steps is one year. This is 
approximately equal to the time required to have the equipment bids evaluated and 
ready to award contracts. 

9.5 Other Non.-Structural Actions 

9.5.1 Moving Garsiz Farm 

As is discussed in Section 5.4.1, it is essential to the programme that the operations of the 
Dhofar Cattle Feed Company at Garsiz Farm be moved away from the fresh water aquifer
in time to release 60 hectares for construction of the wastewater facilities by mid-1994 and 
the remainder by mid-1995. One year should be allowed for construction work at the farm. 
Therefore, allowing two years to accomplish the move, the transfer should begin at the 
latest in mid-1993. 

Access to a one hectare area for infiltration testing will be needed from March 1992. 

9.5.2 	 Training 

The proposed offshore training for Omani water suppy and wastewater managers and 
senior technical staff should be scheduled to take place after the institutional twinning 
arrrangement is in place. It should begin before the operations consultant is selected. 

It is suggested that courses of strongly-focused training of from three to six months' 
duration be given to from six to twelve persons. Preferably these should attend training
establishments in groups of two or three at the rate of two groups per year. 

A tentative schedule therefore is for training to begin in late 1993 or the first half of 1994 
and to be completed by the middle or end of 1995. 

9.5.3 Establishing and Utilising the Twinning Programme 

The establishment of the training programme proposed in Section 6.4.5 in early 1993 
requires a short-term consultant to start work in mid-1992 to assist in the definition and 
establishment of the arrangement. The duration of this consultancy is expected to be 
approximately three months. 
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A.1 Existing Potable Water System 

The Salalah distribution system extends 30 km along the coast, from Raysut in the west to
Mamoorah Palace in the east, and extends inland by as far as 8 km to serve the northern
portion of Saada. The service area covers about 2300 ha containing about 13,000 metered 
customers. Essentially all of the estimated population of 77,000 are served by the potable 
system. 

As shown on Figure A.1, two wellfields are the sources of supply: the Salalah wellfield
containing ten wells and located north of the airport; and the Saada wellfield of three wells
located east of the Thumrait Road at the 	foot of the Jebel. The Salalah and Saada
distributior. systems are interconnected by pressure reducing valves. In both systems,
water is pumped from wells, chlorinated, and admitted into a ground storage reservoir. 
The reservoir in turn provides flow by gravity to the distribution system. Raysut is served
by a booster pump station, which receives water by gravity from the Salalah system and 
pumps it to two storage tanks: a small tank serving the Frontiei Forces camp, and a larger
tank serving the remainder of Raysut. 

A.I.1 Salalah Wellfield System 

Development of the present Salalah wellfield system occurred in 1980-82, and resulted
from a detailed engineering study and hydrogeologic investigation by John Taylor & Sons
(1976 and 1978). At the time of the 1976 study, the public distribution system was 
relatively small, and provided about 5600 m3 /d from five wells. Service connections to the
piped system were available to only 114 domestic customers. The bulk of the water for
domestic use was carried from public standposts. This initial system vas an outgrowth of 
a study by Scott Wilson & Kirkpatrick (1069), and subsequent design and construction
bervices by Taylor Woodrow International in association with Howard Humphreys (1972). 

Principal features of the Salalah-wellfield distribution system include: 

o 	 Ten wells, in which a typical installation include: a borehole, submersible pump, 
pressure gauge tap, air release valve, 6-irch meter, check valve and isolation valve. 
At the time of observation, one well was out of service for repairs, and another well
had not yet been equipped for service. The wells operate about 14 hours per day,
and in 1990 produced a total average flow of 18,500 m3/d. Capacities of individual 
wells vary from 18 to 60 lps. 

" The Operations Center, where the flow from the wells is chlorinated and enters the 
ground storage reservoir (capacity of 9000 m3 , over a range in water level from 58 
m to 62 m). The raw water is chlorinated from 100 kg cylinders at a dosage of 0.5
mg/I under normal conditions, and up to 0.8 mg/l during the monsoon season. A
water-quality laboratory, office, staff housing, and telemetry communications with 
the Raysut booster pump station have also been provided. A drainage system has
been provided around the reservoir, and no leakage has been observed. Records 
maintained at the Center include chart recordings and hourly readings of metered 
flow (both into and out of the reservoir), reservoir level, and drawdown in the 
wells. 
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o 	 The Control Center, which communicates by telemetry to the wells and the 
Operations Center, contains two 500 kVA diesel generators for standby power.
Operation of the generators is required for less than 50 hours per year. 

0 	 The Raysut Pump Station, which consists of a break-pressure tank and suctioq
lines to two sets of pumps: three 33-1ps pumps supplying Raysut Reservoir; and 
two 8-1ps pumps supplying the Frontier Forces reservoir. The head upstream from 
the break-pressure tank reaches a minimum ot 30 m during the daytime, and
generally exceeds 40 m during the night, indicating a relatively small headloss of 15 
m to 20 m between the Salalah wellfield and the pump station. A telemetry
connection to the Operations Center transmits water levels in the reservoirs, pump
status and control of a 220 kVA generator at the pump station. 'rhe Raysut
Reservoir is a GRP tank having a volume of about 2250 m. and an operating water 
level of about 60 m, while the military tank is much smaller and operates at a level 
of about 30 m. Minor leaks have been observed in the Raysut Reservoir. 

A.1.2 Saada Weilfield System 

The Saada supply and distribution system was designed by the Directorate General of
Water Supply and Tran ). rt. It was built over the period 1983-84 to serve the areas of
Saada, Dhariz, and government installations extending along the coast eastward to 
Mamoorah Palace. Principal facilities include: 

0 	 Three well,;. each rated at 40 lps, which currently produce about 3500 m3 /d.
Design features are similar to the wells in the Salalah wellfield. 

o A Control Center, containing the same types of facilities found in the Salalah 
wellfield system. The reservoir has a range in operating water level of 81m to 
86m, and a capacity of 4500 M 3. 

A.1.3 	 Assessment of Pipe Materials and Other Features 

In both the Salalah and Saada systems, PVC (polyvinyl-chloride) pipe has been used on the 
underground portion of service connections (1-inch to 3-inch size), while risers to water 
meters are tape-wrapped GS (galvanized-steel) pipe. PVC has also been used for water
mains in pipe sizes up to 300 mm. DI (ductile iron) pipes are used for the larger mains, in
100 mm to 600 rom sizes. Cathodic preoection of DI pipe has been provided in Raysut and 
other coastal areas to limit corrosion. 

Distribution leakage was a problem in 1982, as a result of increased water pressure acting 
on heavily-corroded GS pipes in the older portions of the distribution system. Over several 
years, these were replaced or repaired. Currently, water losses are about 18 percent of
production, which is a commendably low level when compared to many cities elsewhere. 

Ruptures of PVC pipe are perceived to be a frequent occurrence, at a rate of about 3 failures 
per moith. The PVC pipe has a design working pressure of about 10 bars (head of about 
100 in), while the actual working pressure is in the range of 3 to 8 bars (30 m to 80 in).
The mode of failure is by longitudinal cracks in the pipe, which may indicate either a notch
sensitivity of the pipe material (in which small scratches can initiate pipe failure) or 
possibly a brittleness of the PVC pipe caused by exposure to sunlight before the pirc has 
been buried. 

In an attempt to reduce water pressures on PVC pipe, 25 pressure-reducing valves (PRV's)
have been installed in the distribution system, in such a manner as to maintain a minimum 
pressure of 2.5 bars (25 m head). This has resulted in occasional customer complaints
concerning low pressures, which are then investigated by installing a pressure chart 
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recorder at a remote location downstream from the associated pressure reducer. A more 
serious problem is that the PRV's can restrict the flows available for fire fighting, if the 
bypass around a PRV is not opened quickly during a fire. However, the fire-protection 
capability of the distribution system is relatively low in any case, with many 2-inch fire 
hydrants located on 100 mm (4-inch) water mains. This can be attributed to the 
predominance of buildings constructed of stone and concrete, which reduces the risk and 
severity of fires, and to a reliance on the water carried to a fire by fire engines rather than 
on the water to be provided from hydrants. 

Based on discussions with several officials, customers are encountering two types of 
problems. Roof tanks made of fibreglass are translucent, and allow the growth of algae 
within the tank. As a result, health officials encourage consumers to install metal roof 
tanks. 

A more difficult problem is encrustation of GS plumbing by calcium carbonate, caused by 
the hardness of the well water. Over time, the pipes become clogged and must be replaced, 
which is an expensive and difficult operation. Should further investigation indicate that this 
problem is widespread, it may prove necessary to consider softening of the water or the 
addition of a sequestering agent. 

In general, the standard of operation and maintenance of the distribution system appears 
good, with adequate well-trained staff who keep the distribution facilities in good working 
order. 

A.2 Wastewater Collection and Treatment Facilities 

The existing wastewater facilities consist of the following: package sewage treatment plants 
serving governmental installations; on-site disposal or holding tanks for domestic 
wastewater; septage hauling and disposal; and stabilization ponds currently under 
construction to treat septage. Locations of existing facilities are shown on Figure A.2. 

A.2.1 Package Sewage Treatment Plants 

Collection and treatment of wastewater in Salalah is currently limited to governmental 
institutions served by 16 package sewage treatment plants. Information on these plants is 
summarized in Table A. 1. 

A majority of the package plants provide biological treatmert by the extended aeration 
process, and are designed to achieve an effluent standard of 10/10/1 (BOD/SS/NH4). 
Facilities for chlorination of the effluent are generally provided, but metering of flows is 
not included in the plants. Generally, disposal of sludge is by tankering to Wadi 
Sahalnawt, and the disposal of effluent is to a soakaway. Table A.2 indicates those plants 
where filtration of the effluent is also provided, and those plants where the effluent is 
reused for amenity plantings. The operational status of the plants is also indicated. 
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TABLE A.1 Existing 	 Package Sewage Treatment Plants 

Ref. Facility Location Owner Capacity 
No.I I[11 1 (m3/d) 

I Prison Arzat ROP 50 
2 Customs Building Port Raysut ROP 11 
3 Awqad Housing New Industrial Area ROP 206 
4 Royal Air Force of Oman Airport MOD 400 
5 UAG Robat MOD 300 
6 KJ Arzat Arzat MOD 120 
7 S.of Oman Artillery Arzat MOD 120 
8 Pink Cliffs Sahalnawt North MOD 120 
9 Joint Housing Dhariz South MOD 16 
10 Frontier Forces Raysut MOD 180 
11 Internal Security Srv Al Shatti ISS 60 
12 Qaboos Hospital Awqaden MOH 273 
13 H.M. Guest House Al Shatti Diwan 200 
14 Vocational Training I. Saada MSAL 40 
15 Teachers Training Col Saada MEY 24 
16 Airport Airport MOT 120 

TOTAL CAPACITY 	 2240 

Note: Ill Owners: 	 Royal Oman Police (ROP); Ministry of Defence (MOD); 
Internal Security Service (ISS); Ministry of Health (MOH); 
Diwan of Royal Court; Ministry of Social Affairs and Labor 
(MSAL); Ministry of Education and Youth (MEY); Ministry of 
Transport (MOT) 

TABLE A.2 Status of Package Plants 

Ref. Facility Filters Reuse Operational Status 
No. I Yes/No Y/N 

I Prison N Y Normal 
2 Customs Building Y Y Normal 
3 Awqad Housing N N Aerators sometimes turned 

off 
4 Royal Air Force of Oman N N Normal 
5 UAG N N Normal 
6 KJ Arzat Y Y Normal; has sludge drying 

beds 
7 
8 

S. of Oman Artillery 
Pink Cliffs 

N 
N 

N 
N 

Normal 
Normal; has flow meter (not 
working) 

9 Joint Housing N N RBC plant; overloaded in 
monsoons; odors, high
NH4 and SS 

10 Frontier Forces N N Normal 
I I Internal Security Srv N Y Normal 
12 Qaboos Hospital N N Not in operation; to be 

replaced 
13 H.M. Guest House No data available 
14 Vocational Training I. N N Poor until 3/90 
15 
16 

Teachers Training Col 
Airport 

Y 
N 

Y 
N 

Normal; no samples 
Monitoring began very 
recernty 
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The following exceptional conditions are noted: 

" The MOD Joint Housing plant (No. 9) is an RBC (rotating biological contactor) 
plant, which has performed poorly; 

" 	 The old plant at Qaboos Hospital (No. 12) is to be replaced by a new plant with a 
capacity of 500 m1/d; 

o 	 A flow meter and sludge drying beds are provided at Plant 8; 

o The effluent from the Frontier Forces camp (No. 10) is discharged to the sea. 

The Ministry of Environment (MOE) receives monthly reports on effluent quality, and its
staff make periodic visits to the plants. The wastewater sampling results for raw 
wastewater, as reported to MOE, have been used in this study in estimating existing and 
projected wastewater loads. The cooperation of MOE in allowing access to their data is 
gratefully acknowledged; but it should be noted that MOE assumes no responsibility for the 
accuracy or representativeness of the laboratory results on wastewater samples, tested in 
various laboratories in Muscat and Salalah. 

It should be noted that the MOD Engineering Section has plans to upgrade their package
plants under the Fourth FYP, in order to conserve water by effluent reuse for amenity 
plantings. 

A majority of the plants are operating satisfactorily and meeting their effluent design
standards with respect to BOD and SS, while ammonia removal is generally less successful 
or is not stipulated in the plant design criteria. 

A.2.2 On-Site Disposal 

There is no municipal sewer system in Salalah. Domestic wastewater is discharged to 
holding tanks, so:,kage pits, and cement-block or perforated-concrete tanks which allow 
drainage through the side; of the tank. Dry-pit latrines are still found occasionally in the 
older parts of Salalah. -olding tanks are required under building regulations in the Saada 
area, in order to protect the nearby Salalah wellfield, but a household water use survey
(Appendix N) discovered only one holding tank in Dhariz. 

Generally a housing plot is too small (or the remaining land after a large house is built on a 
plot is too small) to permh a homeowner to build a conventional septic tank and soakaway 
system. For many homes, what would appear to be a concrete septic tank is in actuality a 
soakage pit, with holes or cracks left in the sides, so that wastewater flows can infiltrate 
easily into the surrounding soil. In older portions of Salalah, hand-dug shallow wells have 
become contaminated and ccnverted to wastewater soakage pits. 

The household water use survey indicated that the performance of soakaways depends on 
the age and location of the soakaway. Newer houses at high ground elevation may go four 
or five years before it is necessary to remove the septage by vacuum tanker. In the older 
sections of dense housing, where ground elevations are closer to the groundwater table, the 
typical household will require septage removal once every three months. 

A.2.3 Septage Hauling and Disposal 

Septage and wastewater from holding tanks and other sources are hauled by tanker truck 
for disposal to Wadi Sahalnawt. The quantitites and strengths of the liquid disposed have 
been studied in two previous reports: a WASH field report (funded by USAID) on interim 
treatment and disposal (1988); and a preliminary design report for the wastewater 
stabilization ponds by Travers Morgan (1989). Daily records are kept by the Municipality 
on the tankers arriving at Wadi Sahalnawt, which include the number of trips made by each 
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registered tanker. From data collected in the previous studies, the daily volume of disposed
liquid ranged between 1088 m'/d and 1386 m/d during the period Sept 1987 and March 
1989. 

A current tabulation on the numbers and si'es of tankers, and their ownership, is shown in 
3Table A.3. Fifty-five tankers having a tot.l carrying capacity of 510 m are registered, of 

which half are owned by private companies. The Municipality operates 12 trucks with a 
total capacity of 96 m' ,and handles primarily domestic septage. 

In order to verify the results of previous studies, the daily haulage records for Oct 1989 and 
Oct 1990 were analyzed in this study. Daily averages of 1410 m'/d and 1140 m-/d,
respectively, were found for these two months. The haulage data for October, 1990 is 
shown in Table A.4. The results indicate that: 

o 	 The maximum haulage for one day is about 2000 m-/d; 

" 	 Variations over the week are large, ranging from a minimum of about 730 m3id on 
Fridays, to about 1450 m3/d on Sundays; 

" 	 Each tanker makes an average of 2.4 trips/day to Wadi Sahalnawt; this indicates that 
much of the workday is spent in filling the tanker rather than in travel time to the 
wadi. 

The composition and strength of the septage hauled to Wadi Sahalnawt based on the 
Travers Morgan study (1989) are indicated in Table A.5. A wastewater sampling program 
was carried out, in which the BOD (biochemical oxygen demand) and SS (suspended
solids) were determined at the MOD laboratory in Salalah. 

In Table A.5 two minor sources have been omitted from those tested: 8 m3/d of sludge
from the package sewage treatment plants dumped in the wadi (which would no longer 
occur when a sewer system is built); and waste from a tile factory, which is exceptionally 
high in non-putrescible SS and could be disposed of more easily in a landfill or lagoon. 

The very high BOD and SS concentrations in the wastewater from service stations requires
further investigation. Although the liquid volume from service stations is low (about 4 
percent of the total), it accounts for about 65 percent of the computed tota! BOD load and 
72 percent of the total SS load. Thus, either the correction of this apparent anomaly, or 
separate handling of service-station wastewater, may allow increased wastewater flows 
(above the presently-accepted design flow) to the stabilization ponds (see following 
scction.) 

Disposal by tanker in Wadi Sahalnawt has two major drawbacks: the volume of liquid 
waste that can be disposed of economically is small; and dumping is causing environmental 
degradation of the wadi and the downstream Khor Dhariz. The volume tankered to the 
wadi is less than 6 percent of the metered water use, and no more than about 15 percent of 
the estimated wastewater generated in Salalah. The dumping area in Wadi Sahalnawt is 
grossly contaminated but very limited in extent; liquid wastes evaporate quickly or infiltrate 
into the rocky streambed of the wadi. The small estuary, Khor Dhariz, at the mouth of the 
wadi is separated from the sea by a sandbar and roadway, and shows possible evidence of 
excess nutrients from the liquid wastes dumped upstream. 

A.2.4 Septage Stabilisation Ponds 

In accordance with the preliminary design report by Travers Morgan (1989), stabilisation 
ponds to treat septage and other tankered liquid wastes have constructed at a site about 8 
km northwest of the Raysut Cement plant. The design flow is 1500 m3/d, expandable to 
4000 m-/d. The design BOD load for the initial system is 1135 kg/day. The facilities 
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TABLE A.3 


OWNER 

GOVERNMENT 
Hospital 
Diwan 
Education Department 
Ministry of Defence 
Roads Department 
Government Garage 
Municipality 
Subtotals, Government: 
--No. of Tankers 
-- Volume (m3) 

PRIVATE COMPANIES 
Bhadoor Trucking Co. 
Saeed Kliamis Trucking 
As Salam & Partners 
S. Salam Ali Rawas 

Al Zahar Trucking Co. 
Ahmed Bin Hassan 
Al Shama Trucking 
J & P Company 
Hamdan Company 
Deerzan Trucking Co. 
Al Widai Trucking Co. 
S & P Company 
S & R Company 
Dhofar Beverage Co. 
S. S. Bawan (Toyota)
Dhofar Cattle Feed Co. 
Bin Saboob Trucking 
C.M.C. Company 
Subtotals, Private: 
--No. of Tankers 
--Volume (m3) 
TOTALS: 
--No. of Tankers 
-Volunc (m3) 

C_ 

Numbers and Sizes of Tanker Trucks 

SIZE OF TANKER IN CUBIC METERS (m3)
3.4 	 4 6 77 7.21 8 18.8 9 1 15 1 16 

NUMBER OF TANKERS 
1 

4-
I 1 

- 1 
-1-

-1! 

1 3 1 -

1 1 0 1 0 7 7 1 5 0 0 
3.4 4 0 6 0 50.4 56 8.8 45 0 0 

NUMBER OF TANKERS 
2 1 1 - 1 -

I I 1 
2 1 

1I 

1 

1 

1 

2 
-

1 

-

1 
-

1 2 1 10 2 2 3 0 0 2 0 
3.4 8 5 60 14 14.4 24 0 0 30 0 

2 3 1 11 2 9 10 1 5 2 0 
6.8 12 5 66 I 64.8 80 8.8 45 30 0 

117.51 	 18 120 24 

2 

2 

0 2 2 0 
0 36 40 	10 

1 


1!1 

1 0 3 1 
17.5 0 60 24 

1 2 5 1 
17.5 36 100 24 

TOTALS:
 
Numberof Volume, 

Tankcrs (ni3) 
3 48.0 
4 28.8 
2 11!.4 
4 51.2 

8.0 
6.0 

12 96.2 

27 
249.6 

3 27.0 
4 41.2 
3 20.0 
2 11.2 

1 6.0

1 6.0 
1 3.4 
1 20.0 

17.5 
3 27.0 
! 7.0 

4.0 
1 24.0 
1 2.0 
1 5.0
1 20.0 
1 8.0 
1 6.0 

28 
260.3 

55 
509.9 



TABLE A.4 Wastewater Haulage to Wadi Sahalnawt, Oct. 1990 

DATE DAY O 
WEEK

[1=Su 
________ 

3.4'
3.4n15a6I 

SIZE OF TANKER IN CUBIC METERS (m.3)
2' 1.1 516157 1 7.2 8.8 9 1 511 *1.5!I(m3) 

NUMBER OF TRIPS PER DAY 

18 120 
DAILY TOTALS 

Trips Volume 
Average 

by Day of 
'Weec (m3) 

7-Oct-90 
14-Oct-90 

1 
1 

11 23 
15 

36 
18 

1 14 
16 

50 
32 6 

20 
21 

4 
7 

3 
2 

2 
2 

19 
8 

183 
127 

1585 
1132 

21-Oct-90 
28-Oct-90 

1-Oct-90 
8-Oct-90 

15-Oct-90 
22-Oct-90 
2-Oct-90 

1 
1 
2 
2 
1 
2 
3 

5 
10 
4 
3 
7 
5 

11 

15 
21 

9 
7 

20 
15 
8 

27 
49 
56 
15 
40 
26 
56 

2 
1 

14 
30 
18 

21 
20 
16 

31 
52 
44 
13 
33 
36 
32 

6 
6 
6 

6 
6 
6 

14 
21 
14 

21 
19 
14 

5 
5 

10 
5 
5 
41 
10 

2 
4 
2 

3 
21 

2 
11 
5 
1 
3 
5 
3 

9 
17 
14 

61 
17 
9 
13 

130 
226 
182 
52 

177 
147 
174 

1108 
1990 
1610 
466 

1549 
1269 
1527 

1454 

1224 

9-Oct-90 
16-Oct-90 

3 
3 

3 
5 

6 
15 

21 
28 

1 5 
19 

8 
32 

7 
6 14 

5 
5 

1 
3 2 

7 
9 

64 
138 

567 
1175 

30-Oct-90 
3-Oct-90 

10-Oct-90 

3 
4 
4 

5 

5 

22 

15 

22 
29 
22 

13 
14 
7 

18 
18 
25 

4 
6 
6 

21 
15 
15 

5 
5 

2 

2 

7 

3 

14 
10 
13 

133 
97 

113 

1237 
882 

1011 

1127 

17-Oct-90 
24-Oct-90 

4 
4 

5 
5 

14 
17 

23 
25 

14 
12 

26 
31 

6 
6 

21 
14 

4 
5 

2 
2 

3 
6 

5 
9 

123 
132 

1025 
1163 

31-Oct-90 
4-Oct-90 
11-Oct-90 
18-Oct-90 
25-Oct-90 
12-Oct-90 
19-Oct-90 
6-Oct-90 
13-Oct-90 
27-Oct-90 

4 
5 
5 
5 
5 
6 
6 
7 
7 
7 

5 
4 
5 
5 
5 

5 
6 
5 
5 

20 

15 
13 
22 

6 
15 
25 
14 
15 

21 
28 
23 
20 
10 
20 
20 
33 
26 
25 

2 

1 

16 
14 
15 
12 
7 
3 
8 

141 
15 
21 

21 
19 
28 
22 
22 
18 
26 
37 
27 
33 

6 
6 
6 
6 
6 
8 
6 
6 
6 
6 

21 
14 
21 
20 
21 
14 
7 

21 
21 
21 

4 
4 

5 
2 

91 
6 
5 

1 

2 

2 

2 
2 

3 
2 

7 

1 

1 

0 
2 
6 

13 
13 
7 
8 
7 
5 
8 

19 
8 
8 

132 
102 
127 
106 
107 

81 
95 

175 
132 
145 

1189 
933 
1057 
857 
905 
709 
753 

1573 
1130 
1242 

1054 

938 

731 

1315 

No. of Trips 
Volume, m3 
No. of Tankers 
Trips/Tanker 

Days 
26 5.01 

17 
2 

2.5 

14.1 
71 

4 
3.5 

27.7 
166 

11 
2.51 

0.3 
2 
2 

0. 

DAILY AVERAGES 
13.8 28.2 5.6 16.3 

99 2 2 6 49 147 
9 10 1 5 

1.5 18 5.6 3.3 

4.6 0.0 
69 11 

22.3! 

1.7 
29 

1.7 

2.8 10.8 
50 215j1 6 
1.4,k8 

DAILY AVERAGES 
130.8 
1140 1,140 

55 
2.4 

1,120 



TABLE A.5 Composition of Septage Disposed in Wadi Sahalnawt 

Source I 	 Volume Numberof AvgBOD Avg SS 
(m3/d) i Samples (mg/i) (mng/)

Domestic 973 11 320 733
 
Hospital 266 4 123 193
 
Service Stations 56 5 11,713 38,162

Laundry 28 3 262 310
 
Slaughterhouse 28 4 950 1048
 
Royal Stables 13 ......
 
TOTALS: 1364 27 761 2841
 
TOTALS, excluding 1308 22 3?2 2125
 

Service Stations
 
Source: Travers Morgan (1989)
 

consist of two anaerobic ponds in parallel, followed by four facultative ponds in parallel
and three maturation ponds in series. The effluent is chlorinated, and can also be passed
through an experimental reed filter bed for polishing of the effluent. At the plant
headworks, facilities are provided to empty 12 tankers at a time, and to pump the liquid
wastes to the anaerobic ponds. The Municipality plans to issue tenders for contract 
operation and maintenance of the ponds. Ob,aining a discharge permit from the Ministry of 
Environment may become an issue that could delay startup of the facility. 

A.2.5 Previous Wastewater Facility Plans 

The long-standing interest in developing i wastewater collection and treatment system is 
indicated by the number and variety of previous studies, which include: 

" 	 John Taylor & Sons (1976) studied both water supply and wastewater, and 
proposed an initial wastewater system then estimated to cost RO 11 million. This 
consisted of 17 lift screw-pump stations, 11 submersible-pump stations, associated 
trunk sewers and force mains, and an activated-sludge treatment plant to be located 
northwest of the town. Costs of lateral sewers and house connections were not 
included in the estimate. 

" 	 A two-man team from the World Health Organization (Marbudi and Krafft, 1982)
wrole a very concise survey on environmental hcalth in Salalah, containing 40 
recommendations covering improvements in wastewater, water supply, solid 
wastes, flood protection and other related topics (such as the need for a population 
census, cadastral surveys, protection of well fields, urban planning, topographic 
and soils maps, ad field experimentation on septic tanks). One recommendation is 
that the priorities for areas to receive sewers should be: densely-developed areas 
first and industrial areas second; followed by the area adjacent to the groundwater
recharge area (Saada and Dhariz). The points raised in this report are considered 
relevant to this day. 

" 	 Three reports prepared in 1984, by Khatib & Alami, Valtos, and CES (Consulting
Engineering Services). These were preliminary in nature (equivalent to pre
feasibility studies), and for the purpose of establishing the approximate construction 
costs and enginering fees required for a wastewater system. The preliminary
conclusions and proposed solutions from the three firms differ significantly: 

- Khatib & Alami proposed a first-stage system costing about RO 15 million 
complete. This included laterals and house connections, two lift stations, a 
pump station, 15 km of trunk sewers, a treatment plant and sea outfall. The 
treatment plant was to be (.n the eastern coast in Arzat, and was to provide
tertiary treatment for reuse in agriculture. The estimated cost for three 
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stages of construction was RO 37 million. The first phase of the proposed
engineerng services was to prepare a wastewater master plan. 

Valtos proposed a system costing RO 36 million, containing 101 
submersible pump stations, 7 major pomp stations, and a treatment plant to 
be located northwest of Salalah. The first step in the proposed engineering
services would be the uevelopment of a wastewater master plan. 

CES proposed proceeding directly into design of a wastewater system
estimated at RO 33 million, divided into two equal-cost stages. The 
proposed facilities included 4 pump stations and an activated-sludge 
treatment plant to the northwest of Salalah. An extensive distribution 
system for effluent reuse throughout the town u,:. also proposed, at an 
additional cost of RO 6 million. 

In addition to these facility plans, a conceptual report proposing a septic tank effluent drain 
(STED) system for Salalah was prepared by the Planning Advisor to the Naib Wali of 
Dhofar in 1989. In order to avoid the high costs of a conventional sewerage system, the 
report proposes a system of small-diameter variable-grade sewers to carry the partially
clarified effluent from on-site improved septic tanks. STED systems were evaluated in this 
project in considering wastewater collection and treatment options. 

A.3 Existing and Projected Land Use 

A.3.1 Overview 

The pattern of land development of Salalah is unusual. It is indicated in simplifiec' form in 
Figure A.3. Its most striking characteristics are: (a) th!! separation of narrow urban strips at 
the shore and inland by an agricultural strip from one to two km in width and (b) the very
large areas allocated to governmental, special and iestricted uses. Recent urban and 
industrial development has occurred behind the inland urban strip. 

Much of the residential land has been developed in a scattered fashion, leaving room for 
future infilling, although older areas are congested. Commercial areas form strips along 
certain central streets. 

A groundwater protection zone, the airport, and agricultural land create a very large open 
area in the north-central part of the town. The town is linked to the port area to the west at 
Raysut by a coastal road and a by-pass highway that is under development. While earlier 
planning envisioned urban development to and beyond the by-pass highway, current 
intentions are to limit such development general.. to areas between the by-pass and the sea. 

For the future, both struct'iral planning to the year 2001 and subregional land use planning 
to the year 2010 have been performed, the latter very recently. The Ministry of Housing
intends to update the structural plans under the Fourth Five-Year Plan. In the absence of 
these updated plans, it is necessary to make some assumptions about future development in 
general accord with the subregional land use plan. The assumptions made, and the bases 
for them, are discussed below. A simplified illustration of the resulting 2010 projection is 
intluded in Figure A.3. 

A.3.2 Existing Land Use 

The principal sources of land use information and projections are: 

(a) 	 The CES 1983 Structure Plan report; 

(b) 	 A 1/25,000 scale plan entitled "Salalah Structure Plan" updated from the CES plan 
by the Department of Urban Planning in 1985; 
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(c) The W.S. Atkins 1991 Subregional Land Use Plan Report; 

(d) Orthophoto maps at 1/5,000 scale and 1/20,000 z "ale provided by the National 
Survey Authority; and 

(e) Color aerial photographs at 1/2 ),000 scale taken in March, 1990, prepared by the 
Ministry of Housing and obtained through the National Survey Authority. 

Of particular interest in the Atkins land use report is the Urban Land Allocation Brief -
Salalah, which proposes specific amendments to the Structure Plan. 

Existing land uses have been identified by reference to the above documents supplemented 
by on-the-ground inspections. They are shown on Map 2, Sheet 1. 

The land uses indicated are those that have relevance for water and wastewater planning. 
Commercial land use, generally consisting of combined residential and commercial use, is 
shown as such whec it forms complete blocks. Strips of such development fronting 
residential areas are indicated separately. Utilities and industrial uses have been combined, 
while specific water and wastewater uses are separately identified. Various uses of open 
land have been grouped together, although water-related recreation and conservation areas 
are marked. 

With reference to Map 2, Sheet I the following points are relevant: 

1. Residential Land Use 

Residential areas have widely differing standards of construction and population 
densities. In the older areas (south of Sharia Robat, the principal east-west 
highway through the town), thece is a mixture of old, rebuilt and relatively new 
structures. Most are two or three storey, single family houses of limestone block 
construction. A typical plot area is in the range of 350-450 sq.m. There is 
generally access road space, but not necessarily a formal roadway, at the front and 
rear. Soakage pits are usually provided and are generally contiguous with the 
houses but outside the plot boundaries. 

In newer residential areas to the west and northeast of the town centre, lots have a 
minimum size of 600 sq.m. 

Land in Salalah is distributed primarily by allocation to male adults. House plots 
are distributed in excess of needs for housing. Houses are constructed not only as 
residences but also as second homes and investments. The result is that even in the 
older residential areas south of Robat Road, where densities are relatively high, 
some houses are unoccupied. In the newer areas, there are both undeveloped plots 
and unoccupied houses. The result is that actual population densities are much 
lower than would be estimated on the basis of plot size and the observed average 
number of about 9.3 persons per family. 

Designated Jerbeeb settlements, that are occupied during the monsoon season by 
residents of the Jebel, are marked on Map 2, Sheet 1. The indicated numbers of 
existing houses have been established by counting structures on 1990 aerial 
photographs. 

2. Commercial Land Use 

Commercial areas generally contain buildings two to four storeys in height, with 
residential occupation of all but one floor. Development of a planned Town Centre 
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has begun, comprising 370 plots of 400 sq.m. each and containing a number of 

higher buildings averaging 4 floors (including one floor of commercial use). 

Small strips and pockets of commercial use exist in many residential developments. 

3. Industrial and Utility Land Use 

Industrial and utility zones exist in !he Old and New Industrial Areas shown on
Plate 1, as well as in the form of the cement factory, power station, solid waste 
disposal facility, wastewater treatment facility under construction, and septage
dumping area about to be abandoned. A few industrial enterprises exist outside of
the industrial zones. In particular, a soft drink plant and a banana packing factory
exist alongside the east side of the southern end of the Thumrait Road, 	 on
agricultural land. Most existing industries are not water demanding or wastewater 
producing. 

4. Agricultural Lai'i Use 

Existing agricultural land uses comprise primarily animal fodder, vegetable, banana 
and coconut production. Thoe uses are highly water dependent. 

5. Governmental Land Use 

Governmental use, including special use and Protected Land, includes the Airport,
Raysut Harbour, palaces, hospitals, and military and police establishments. 

6. Open Land 

Open areas include nature reserves, beaches used for recreation, sports clubs, and 
recreational and landscaped areas. 

A.3.3 Future Land Use 

The Salalah Development Concept presented in the Szibregional Land Use Plan amends the 
concept of the 1985 Structure Plan in several important ways. For example it provides for: 
" Development of Salalah (eyclusive of Raysut) entirely within the Salalah by-pass 

highway; 

o 	 Conversion of certain areas of agricultural land within the city to residential use; and 

o 	 Conversion of large areas of governmental and special use lands (including the 
existing airport) to residential use. 

The Ministry of Housing has not yet had the opportunity to update the Salalah Structure
Plan in the light of the Subregional Land Use Plan's Development Concept. However,
planning of additional developments has been performed as the basis for continuing
allocations of residential plots. Some of the conceptual changes proposed in the Atkins
subregional land use report have already been acted upon. Others may or may not be
implemented. It has therefore been necessary to make assumptions about the probable
extent and density of 6evelopment at the water and wastewater planning horizon. The
assumptions have been made in consultation with staff of the Planning Committee for the 
Southern Region and the Directorate General of Housing, Southern Region. 

The resulting projections are presented on Map 2, Sheet 2 and summarised on Figure A.3. 

The bases for the :hese land use projections include the following: 
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1. 	 Land use structural planning performed by the Ministry of Housing has been 
adopted; 

2. 	 Conversions of agricultural land to urban use proposed in the Atkins report have 
been interpreted, as advised by the Ministry technical staff, to mean the addition of 
up to one house per agricultural plot, with agricultural activity to continue; an 
exception is a section of the Garsiz Farm, immediately to the east of the airport,
which we have assumed will become urban, recognising that this is a decision that 
may not in fact be made; 

3. 	 Numbers of plot allocations shown on Sheet 2 ha.e been established by counting 
the plots on current planning maps prepared and h.eld by the Ministry of Housing; 
in cases where target allocations only are available, ;hese have been shown. 

Shown on Map 2, Sheet 2 are the 34 official administrmaive district boundaries. The 
boundaries of the land use areas as indicated on Sheet 2 enclose all contiguous areas of like 
land use. The land use areas are, however, divided into subareas or blocks. The blocks 
have been chosen so that each lies entirely within one administrative district and lies entirely 
within one of six wastewater collection zones adopted for this study. 

In a few cases, the number of allocated plots is less than the number of existing houses in a 
block. It is assumed that some plots contain more than one house and that, where this is 
the case today, it will remain so. 

A.4 Population Projection and Distribution 

A.4.1 Population Projection 

The first national census in Oman will not be carried out until 1993. In the absence of 
detailed historic census data, previous studies have relied on sample household surveys
conducted in 1976 and 1986, and correlations with other information (such as number of 
electricity customers, and school-age population). The most current population projections 
are from the W.S. Atkins planning reports for the Soutnern Region, and these have been 
adopted as the officially-approved estimates to be used in this Masterplan. These are 
shown in Table A.6 for Salalah, Taqah and Mirbat. A population projection for Sudh is 
included in Appendix J. 

In brief, the Atkins projecti&.ns are based on the high Omani birth rates and young age 
profile seen at present, projected into the future by the cohort-survival technique. The 
expatriate population is expected to decline in absolate numbers, as a result of the 
Omanisation programme. For the Dhofar Region as a whole, the annual growth rate is 
expected to increase from 3.7 percent at present to 4.7 percent in 2010, resulting in an 
increase in population from 131,000 now, to 297,000 in 2010. Salalah will grow at a 
slightly higher rate (4 percent now, and 5 percent in 2010), fiom 77,000 to 183,000 in 
2010. Taqah contains 4,700 people and is expected to grow at higher rates (6.7 percent to 
7.9 percent) to 20,000 in 2010. Mirbat will also grow rapidly, from 4,400 now to 15,000 
at the planning horizon. 

The Atkins reports presented two sets of projections - high and low. The higher projection
has been adopted officially and for use in this Masterplan. The associated growth rates for 
the Omani population are exceptionally high, and do not allow for the trend toward smaller 
families and lower fertility rates seen in other countries. However, the wisdom of using 
the higher projection is agreed based on several factors: the decline in expatriate population 
may not materialize to the extent predicted; investments in infrastructure represent a good 
use of oil revenues, which will not continue forever; higher flow projections should assure 
the technical adequacy of constructed facilities, which must be planned now without 
detailed knowledge bf the existing population and its distribution; and staged development 
of facilities will allow future adjustment in response to actual requirements. 
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TABLE A.6 Population Projections, 1990 - 2010 

A. Projected Population 

1990 1995 2000 1 2005 1 2010 

Salalah Omani 
Non-Omani 
Total 

52,311 
24,631 
76,942 

70,147 
23,525 
93,672 

93,080 
22,103 

115,183 

123,657 
20,207 

143,864 

165,700 
17,600 

183,300 

Taqah Omani 
Non-Omani 
Total 

4,748 
341 

5,089 

7,116 
319 

7,435 

10,160 
290 

10,450 

14,219 
252 

14,471 

19,800 
200 

20,000 

Mirbat Omani 
Non-Omani 
Total 

4,401 
257 

4,658 

6,037 
248 

6,285 

8,140 
236 

8,376 

10,944 
221 

11,165 

14,800 
200 

15,000 

Total, Southern 
Region 

Omani 
Non-Omani 
Total 

102,900 
28,311 

131,211 

130,300 
27,009 

157,309 

165,524 
25,327 

190,851 

212,497 
23,081 

235,578 

27-j,100 
20,000 

297,100 

B. Annual Growth Rates, Percent 

1990 1995 2000 2005 2010 

Salalah Omani 
Non-Omani 
Total 

6.0% 
-0.9% 
4.0% 

5.8% 
-1.2% 
4.2% 

5.8% 
-1.8% 
4.5% 

6.0% 
-2.7% 
5.0% 

Taqah Omani 
Non-Omani 
Total 

8.4% 
-1.3% 
7.9% 

7.4% 
-1.9% 
7.0% 

7.0% 
-2.8% 
6.7% 

6.8% 
-4.5% 
6.7% 

Mirbat Omani 
Non-Omani 
Total 

6.5% 
-0.7% 
6.2% 

6.2% 
-1.0% 
5.9% 

6.1% 
-1.3% 
5.9% 

6.2% 
-2.0% 
6.1% 

Total, Southern 
Region 

Omani 
Non-Omani 
Total 

4.8% 
-0.9% 
3.7% 

4.9% 
-1.3% 
3.9% 

5.1% 
-1.8% 
4.3% 

5.5% 
-2.8% 
4.7% 
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A.4.2 Population Distribution within Salalah 

The population distribution among the districts of Salalah is important for planning of the 
sewer system, but has not been the subject of any recent studies (aside from tile 1976 
Taylor study of the water supply and wastewater systems). As indicated previously, the 
patterns of housing and population distribution within Salalah are complex and difficult to 
quantify. Factors include the large difference in size between Oniani and non-Omani 
households; the relatively large aumber of abandoned properties and seasonally-vacant 
houses; a lack of information on the number of living units within each building; and 
limited information on the number of occupied houses within each plot of land. 

The approach adopted to estimate the population distribution is based on maintaining 
consistency between population and the metered potable supply to each district. The 
number of metered customers ha's been used as an indication of the number of households 
within a district. The number of houses (counted from March, 1990 aerial photographs) 
has been used for existing densely-developed areas, rather than the number of plots, as the 
appropriate unit for e,tiinating population. For example, Central Salalah was found to have 
an average of 1.75 metered water customers per existing building, indicating an area which 
contains houses occupied predominantly by two households. 

The house counts have also been used to distribute population between two or more 
districts which fall within the same meter-reading area. For areas already developed, the 
house count is used in place of the number of plots of land, if the house count is larger. 
New infill housing on plots within a given developed area is assumed to be at the same size 
of household and the same number of people per house. 

Based on this methodology, the projection of housing and population shown in Table A.7 
was obtained. The results indicate a range from 6 to 13 persons per house over 26 land use 
districts of Salalah. No population is assigned to eight of the land use districts (Mamoorah, 
Al Shatti, Arzat, Robat, Baleed, two industrial areas, and the water conservation area 
northeast of the airport). For new areas and areas under current rapid development an 
average of six people per plot of land has been adopted, as suggested in discussions with 
staff of the Ministry of Housing and the Planning Committee. Further details are provided 
in the discussion on potable water supply projections. 

The 34 land-use districts provide sufficient detail for planning of improvments to the 
potable distribution system. For wastewater planning the city has been divided into 6 
collection zones (A through F) as discussed in Chapter 2. The results indicate that about 
half of the existing population lies within Collection Zone E (City West), with an additional 
one-third of the population wi:hin Zone D (City East). 

To provide a basis for facility construction planning to the year 2010, we have adopted a 
planning horizon of 2020 fhr flow proje:tions. By 2020 all of the districts are assumed to 
reach saturated development at a combined population of 208,000. 

A.5 Industry and Commerce 

There are three industrial areas on the Salalah Plain, two in Salalah itself and one in Raysut. 
The total industrial area is 580 hectares of waiich 115 hectares is in the newly established 
industrial area at Raysut. Of the remaining 465 hectares most is located in the New 
Industrial Area in Awqad, witn a smaller second area located in Al Haseelah. The New 
Industrial Area is somewhat under-utilised and the Raysut site has only recently been 
completed. Relocation of some existing small industries within Salalah to the New 
Industrial Area has been recommended in the Subregional Land Use Plans for the Southern 
Region, Policies and Proposals Final Report (Atkins, '991). But even with relocation of 
existing industries, the same report estimates that the existing provision for industrial land 
will be sufficient to meet the needs of an expanding industrial base up to 2010. 
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TABLE A.7 Population Projection by District, 1990 - 2020 

District Plots at Projected Population, Thousands 
ID Sat'n. 1990[ 1,1951 20001 20051 

1 Al Qoof 527 3.53 3.57 3.61 3.61 3.61 5.53 
2 Al Zawiah 587 4.98 5.02 5.06 5.06 5.06 7.92 
3 East Salalah 330 2.97 2.97 2.97 2.97 4.462.97 
4 Al Hafah 834 6.11 6.16 6.22 6.22 6.22 6.41 
5 Town Center 394 0.40 1.53 2.67 4.33 5.44 5.80 
6 Central Salalah 607 5.86 6.68 7.50 7.50 7.50 8.69 
7 Al Hasn 288 1.08 1.31 1.54 1.73 1.92 2.02 
8 New Salalah 1678 13.04 13.06 13.08 13.08 13.08 13.42 
9 West Salalah 904 9.68 10.50 11.32 11.32 11.32 11.75 

10 Al Shatti 
11 AI Wadi 888 4.55 5.24 5.93 6.52 6.81 7.10 
12 Al Salam 315 1.84 2.05 2.27 2.34 2.39 2.52 
13 Al Qantara 295 1.49 1.81 2.12 2.19 2.24 2.36 
14 Arzat 
15 Al Mamoorah 
16 Sahalnawt North 3400 16.683.60 20.40 
17 Sakalnawt South 600 0.90 3.42 3.60 
18 Saada North 1538 2.74 4.14 5.54 7.38 8.77 9.23 
19 Saada South 2448 2.13 5.49 8.85 11.77 13.96 14.69 
20 Dha'iz North 1064 2.79 4.01 5.23 5.81 6.386.19 
21 Dhariz South 642 2.13 2.64 3.14 3.49 3.66 3.85 
22 Conservation Area 
23 Farms 1180 4.11 6.73 7.08 
24 Al Robat 
25 Al Baleed 
26 AI Haseelah 759 4.68 5.11 5.54 5.54 5.54 8.38 
27 Saalah Airport 45 0.00 0.20 0.41 0.42 0.43 0.45 
28 New Industrial Area 
29 Al Awqad 869 3.35 3.77 4.19 4.70 4.96 5.21 
30 Al Awqad North 3493 2.00 5.18 8.37 13.45 17.40 20.96 
31 Wadi Daha 1500 5.40 8.55 9.00 
32 Raysut Industrial Area 
33 Raysut North 380 0.60 1.10 1.60 1.94 2.17 2.28 
34 Raysut South 3142 1.20 5.12 9.05 9.15 18.8513.59 

TOTAL 28,707 77.2 96.7 116.2 144.5 180.6 208.4 
COLLECTION ZONES 
A Sahalnawt 4000 4.5 20.1 24.0 
B Dhariz 1706 4.9 6.6 8.4 9.3 9.9 10.2 
C Saada 5166 4.9 9.6 14.4 23.3 29.5 31.0 
D City East 4025 26.6 29.0 31.4 33.2 34.5 45.3 
E City West 10288 39.0 45.2 51.4 63.1 70.9 76.7 
F Raysut 3522 1.8 6.2 10.6 11.1 15.8 21.1 

TOTAL 28,707 77.2 96.7 116.2 144.5 180.6 208.4 
*Note: Saturated development projected to occur in 2020 
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Industrial activity in the Salalah area is very limited. On the basis of a study fnr the Raysut 

Industrial Area Project by CowiConsult (1989), industrial activity in the area consists of: 

o 	 Large scale manufacturing 

-	 Fish processing 
- Soft drinks
 
- Milk processing and packaging
 
- Cement
 
- Drilling mud and chem;cals for the oil industry
 

o 	 Construction related small and medium scale industry 

- Concrete blocks
 
- Tiles
 
- Carpentry
 
- Steel assembly
 
- Aluminium assembly
 

o 	 Other small aid medium scale industry 

- PVC pipe extrusion
 
- Plastic bag manufacture
 
- Gas filling
 
- Fibre glass boat and tank manufacture
 
- Fencing manufacture
 
- Printing
 
- Warehousing
 
- Automobile maintenance
 

o 	 Cottage industry 

- Tailoring
 
- Bakeries
 
- Ice cream making
 
- Furniture manufacture
 

Field studies performed during the current planning activity have shown that about half of 
the existing industrial establishments are car repair or tyre sales operations. There are 100 
vehicle repair workshops in the New Industrial Area and 16 in the old Light Industrial Area 
in Al Haseelah. Another major focus of industrial activity is refrigeration and air 
conditioning maintenance, for which there are 60 establishments in the New Industrial Area 
and others scattered throughout the city. 

A high proportion of the establishments in the existing industrial areas are more commercial 
than industrial in nature. Processing of raw maerials, with consequent heavy water use 
and significant wastewater production is not common. 

The industrial activities that do have some potential implications for water use and/or 
wastewater production include: 

o 	 The municipal abbatoir in New Salalah; 

o 	 Petrol filling stations throughout the city, together with the vehicle repair 
workshops mentioned above; 

o 	 A soft drink manufacturer in Dhariz North; 
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o Paint spraying and rustproofing establishments, of which several exist in Awqad; 

o Dry cleaners; there are several of these throughout the city; 

o An oil storage facility at Raysut. 

Seasonal tourism during the monsoon is a significant element of regional industry. There are four hotels, with a combined total of 545 guest rooms. Large numbers of tourists are
also understood to rent private villas in the monsoon season. There are many kilometres ofsandy beaches, which are frequented by residents and tourists. The installation during the
last two years of grassed and planted strips along major highways can be observed to have
created attractive gathering places. Tourism can be expected to increase. 

Commercial and private sector office areas are scattered throughout Salalah and areestimated to occupy about 60 hectares altogether. Government offices occupy a further 66hectares. Expansion of Salalah will involve further development of commercial and office 
areas. The same report indicates that an additional 84 hectares would be required by 2010,
but this would be available within the limits of Salalah as proposed in the Structure Plan. 

A.6 Potable Water Use 

A.6.1 Trends and Variability 

Metered production over the last six years for the four potable systems - Salalah, Taqah,
Mirbat and Sudh - are shown in Table A.8. The Salalah system is by far the largest

3producer, averaging 23.3 MLd (million litres per day, equivalent to 1,000 m per day) in1990. The Taqah and Mirbat systems averaged less than 0.6 MLd, and the Sudh gystem
averaged 0.17 MLd. 

A.6.1.1 Production and Customers Served 

Water production grew rapidly in all the systems over the period 1985-1990, increasing at 
an average annual rate of 5 percent in Salalah and at rates of 10 to 20 percent in the smallersystems. Whether such increases should be attributed to an increase in number ofcustomers, or to an increase in per capita consumption, is not clear based on the availabledata. Since the price of water to consumers is high, it is important to distinguish whether 
customers have shown a willingness to buy more water as their economic welfare has 
presumably improved. 

A brief understanding is required concerning the limitations of the available data on meteredflows and number of customers, as follows. Water billings are produced manually by the
Water Supply Departrr nt, and no historic records on number of customers are available.

The numbers of customers in 1985 through 1989 have been back-computed, starting with
the knowr number of customers at present, and subtracting the number of "new

customers" for each month, which has been recorded. Thus, the number of customers
shown in Table A.8 may be over-estimated for years 1985-1989, depending on the number
of customer disconnections (for non-payment of bills, or for meters disconnected frombuildings that are abandoned or demolished). The Water Supply Department has indicatedinformally that disconnections for nonpayment of bills are very few, perhaps one or two 
per month. Records on customer metered consumption broken down by type (institutional,
commercial, domestic) are only available for 1989 and a portion of 1990. 

For the Salalah system, the number of customers has grown at 8 percent per year, faster
than the production growth (5 percent). However, it is likely that per capita demands have
also increased, because institutional water demands account for about 60 percent ofproduction. In the three smaller systems, the production has grown faster than tle number
of customers, indicating a growth in per capita consumption. 
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TABLE A.8 Water Production for Potable Distribution Systems, 1985 - 1990 

YEAR Jan I Feb MarchI 
PRODUCTION IN CUBIC METRES PER DAY 

April I May I June I July IAugustI Sept I Oct Nov Dec 
Annual 

Average 
Percent 
Increase 

I Number of 
Customers 

Percent 
Increase 

1985 
1986 
1987 
1988 
1989 
1990 

Avcrges 
Pct of Annual 

19,018 
18,321 
18,053 
19,552 
23,152 
21,926 
20,004 
97% 

20,434 
20,199 
19.103 
21,351 
23,067 
23,366 
21,253 
103% 

20,095 
20,284 
20.238 
20.655 
22,263 
25,222 
21,459 
104% 

Sallah Po 
19,821 19,407 
20,858 21,441 
21,338 20,643 
20,736 21.352 
21,699 21.650 
23,596 23,900 
21,341 21,399 
104% 104% 

tstributon System...I 
19,243 16,325 16,296 17,151 
20,123 17,203 16,130 19,681 
21,098 19,279 17,970 20,320 
22,754 18,741 17,205 21,234 
21,762 17,770 20,046 22,613 
23,515 20,202 21,068 22,526 
21,416 18,253 18,119 20,588 
104% 89% 88% 100% 

17,117 
20,739 
21,097 
22,679 
22,323 
22,822 
21,129 
102% 

17.150 
18,964 
20,376 
23,576 
21,976 
24,179 
21,037 
102% 

17,238 
19,258 
19,978 
23,475 
21,178 
27,370 
21,416 
104% 

18,274 
19,433 
19,958 
21,109 
21,625 
23,308 
20,618 

6.3% 
2.7% 
5.8% 
2.4% 
7.8% 
5.0% 

8,963 
10,371 
11,231 
11,939 
12,427 
13,123 

15.7% 
8.3% 
6.3% 
4.1% 
5.6% 
8.0% 

1985 
1986 
1987 
1988 
1989 
1990 

Averages 
Pct of Annual 

295 
342 
342 
338 
463 
505 
331 

93% 

242 
325 
378 
368 
514 
555 
397 
1 

243 
249 
323 
371 
438 
448 
345 
1 

Taa......bleabutlon System . 
277 471 274 233 159 
312 406 349 257 267 
401 372 421 370 336 
459 404 451 316 422 
594 567 634 504 366 
613 553 603 447 583 
443 462 455 355 356 

1 1 1 1 1 

294 
302 
333 
379 
703 
770 
464 
1 

287 
358 
336 
415 
527 
624 
424 
1 

339 
334 
501 
408 
577 
513 
446 
1 

276 
228 
288 
464 
491 
676 
404 

1 

283 
311 
367 
400 
532 
574 
411 

10.0% 
18.0% 
8.9% 

33.0% 
8.0% 

15.6% 

368 
414 
460 
507 
555 
600 

12.5% 
11.1% 
10.2% 
9.5% 
8.1% 
10.3% 

1985 
1986 
1987 
1988 
1989 
1990 

Averages 
Pct of Annual 

251 
376 
316 
331 
463 
488 
371 

95% 

276 
306 
379 
469 
441 
528 
400 
1 

280 
329 
303 
412 
389 
448 
360 

1 

Mirbat Potable Distdibuflon System
276 289 374 210 225 
360 415 450 354 322 
415 349 383 314 363 
527 484 484 509 246 
473 516 468 423 479 
533 489 488 346 432 
431 424 441 360 344 

1 1 1 1 1 

288 
330 
310 
414 
420 
380 
357 

1 

277 
343 
392 
372 
492 
523 
400 

1 

372 
378 
434 
335 
594 
382 
416 

1 

311 
267 
268 
500 
450 
392 
364 

1 

286 
352 
352 
424 
467 
452 
389 

23.3% 
-0.1% 
20.3% 
10.3% 
-3.2% 
10.1% 

516 
557 
574 
621 
645 
673 

7.9% 
3.1% 
8.2% 
3.9% 
4.3% 
5.5% 

1985 
1986 
1987 
1988 
1989 
1990 

Averages 
Pct ofAnnual 

55 
41 
96 
130 
146 
135 
100 

83% 

58 
90 
121 
140 
140 
156 
118 

1 

59 
81 
96 
146 
115 
137 
106 

1 

SudhPotableDstrbutiun System -
77 94 86 74 66 
103 91 94 109 85 
112 116 140 113 130 
150 146 133 121 116 
147 146 151 124 129 
182 166 173 148 141 
128 126 129 115 111 

1 1 1 1 1 

74 
86 
134 
128 
139 
147 
118 

1 

78 
89 
129 
132 
141 
178 
124 

1 

86 
100 
144 
131 
163 
246 
145 

1 

82 
98 
128 
129 
133 
178 
125 
1 

74 
89 
122 
134 
139 
165 
120 

20.2% 
36.6% 
9.9% 
4.4% 
18.7% 
18.0% 

136 
172 
198 
225 
237 
250 

26.5% 
15.1% 
13.6% 
5.3% 
5.5% 
13.2% 



A.6.1.2 Seasonal Variations in Production 

Observed seasonal variations in water production can be instructive. During the humid 
monsoon season (July - September) water demands would decline if dominated by water 
use for lawn watering and amenity plantings. On the other hand, demands could increase 
as a result of water use by tourists and seasonal visitors. 

For the Salalab system the monthly demand pattern is flat (see Table A.8), declining to only 
88 percent of the annual average in August. A maximum monthly demand of 104 percent
applies to five months of the year. The monthly demand patterns are also flat in the three 
smaller systems, ranging from a minimum of 81 percent in Mirbat to a maximum of 145 
percent [attributed to a possible error in the data for November, 1990] in Sudh. By 
inference, we would tentatively conclude the following: 

o 	 In Salalah water demands from tourism during the monsoon season are not 
significant. Any increase in people-oriented use is offset by a greater decline in 
vegetation-oriented use. However, the effect of seasonal tourism on wastewater 
generation is unclear. 

o 	 Use of the potable-water systems for amenity plantings and lawn irrigation is 
relatively small, compared to people-oriented use. The decline in water demands 
during the monsoon is small and essentially the same in all three systems, while the 
variations in evapotranspiration are relatively large (55 percent in August, and 135 
percent in May). 

A.6.1.3 Variations in Daily and Hourly Water Demands 

Dcsign of improvements to the distribution system require; selection of parameters
describing the variability in water demand. Such parameters include: the maximum hourly
demand, which largely determines the hydraulic capacity and diameter of new trunk mains; 
the maximum daily demand, which must be met by a wellfield or booster pump station; and 
the hourly demand pattern on the day of maximum demand, which must be handled by 
distribution storage reservoirs. 

The operators of the Salalah and Saada wellfields maintain hourly records of inflows and 
outflows to the distribution reservoirs. The records of flows to the distribution system for 
1990 are summarised on Figures A.4 and A.5. 

The summary of 1990 daily data on average flow, maximum hourly flow and minimum 
hourly flow shown on Figure A.4 shows much higher variability in demand on the Salalah 
reservoir than on the Saada reservoir. This is because Saada reservoir is at a higher 
elevation, and is supplying night-time demands for the entire system through the pressure
reducing valves which have been installed. For total flow from both reservoirs, the ratio of 
maximum-hourly to average-annual flow is 2.28, which occurred following a pipe break. 
A maximum-hourly peaking factor of 2.2 has been adopted for distribution analysis and 
selection of reinforcements to the trunk main system; this compares with a peaking factor of 
2.0 used in the 1976 Taylor study. The observed ratio of maximum-daily to average
annual flow is 1.27 for 1990; a maximum-day ratio of 1.3 has been adopted for planning 
purposes.
 

The hourly flow pattern on June I1, 1990 was selected as typical for days of high demand. 
Storage requirements have been estimated for the worste case, in which the supply from 
wells pumping into the reservoir is constant throughout the day, and equal to the 
maximum-day demand. As shown on Figure A.5, the Salalah reservoir would require 
storage equal to 19 percent of the maximum day demand; Saada reservoir would require II 
percent; and the combined system would require storage equal to 17 percent of maximum
day demand. 

A-23 



10 

Flow Raie, MLd 

50 T 

Flow from Reer oir Outlet, Salalah Welflfeld 

40 

20 

30* Mu. Hr. 

Daily Avg 

Pin. Hr. 

0 10 100 150 200 250 

Days in 1990. Sonrcd by Avg Daily Flow 

300 350 400 

F1 w Rsic. M[A 

Flow from Reservoir Outlet, Saada Wellileld 

0 50 100 150 200 250 

Days in 1990. Soned by Avg Daily Flow 

300 350 400 

60 

Flow Rate, ML-d 

Total Flow to Distribution System 

40 

30 , 
- Mx. Hr. 

DailyAv 

20 

10 

0 50 100 150 200 250 

Days in 1990. Soned by Avg. Daily Fow 

300 350 400 

IIAMF-S & MOORE /DM 

WATER SUPPILY AND WASTEWATER 

MASTERPLAN FOR SALAI.AI 

DAILY DEMAND VARIATIONS, 
199)0 

FiGunE A-4 

A.24 

p1
 



___ ___ 

___ 

Salalah Wellrield: Typical Hourly Demands and Siorage Requirements 

Flow % of 24-hravg)or Sirage (%of 24-hr volume) 

100% 

450% -- ___ _ f 

50% - ___ ___ ___
 

0 3 6 9 
 12 IS 18 21 24 

[four of day on 11June1990 

Saada Welifleld: Typical Hourly Demands and Storage Requirements 

Flow (% of 24-hr ane)or (oragr(% of 24.hr volume)200% 
_ 

50% 

0 3 6 9 12 Is Is 2 1 24
 

Hour of day on II June 1990
 

Salslah + Saada Wellrlelds: Typical Hourly Demands and Storage Requirements 

200% (%of 24-hr av) or S_ of 24-hr volume¢) _
100% 
30% _______ 

0% c-.yJ 

0 6 9 12 Is Ia 21 24
 

Hr,urof dayon II Juno1990
 

DAM}'S & MOORE /('tM 

WATER SUPPLY AND) WAS1 EWATER
MASTERPLAN FOR SI.A.AII
 

HOURLY DEMANDS AND STORAGE
N|rEDfD,(aI IJUNE 1990 

FIGURE A-5 

A-25 

°/ 'f) 



In many large distribution systems, high leakage rates at night tend to dampen flow 
variations and reduce storage requirements. For systems similar to Salalah where leakage 
is low, a storage requirement of 25 percent would be typical of systems in the USA. The 
apparent requirement of 17 percent is attributed to customer roof storage tanks, which fill 
slowly and reduce the peak hourly demands. To provide storage for both demand 
variability and emergencies (such as power failure, large fire flows, and disruptions during 
floods), a storage requirement of 50 percent of average daily flow has been selected. 

A.6.2 Distribution of Water Demands 

Table A.9 shows the metered consumption in Salalah for 1989 and nine months of 1990. 
This is shown by type of customer (institutional, commercial, industrial and domestic). 
The domestic consumption is shown for 17 areas representing meter-reading routes within 
Salalah. 

The metered consumptions for the 34 land use districts are shown in Table A. 10. These 
have been estimated by two procedures, one for large users and the second for domestic 
customers. Meter readings at the beginning and end of 1990 were entered into a computer 
spreadsheet for about 400 large users (institutional, plus commercial or industrial 
customers using more than 20 m3 /month). The large users represent about 96 percent of 
total non-domestic use. The locations of the large users are known and have been assigned 
directly to the appropriate land use districts. 

Domestic demands for land use districts have been estimated in two steps. The boundaries 
of the meter-reading areas do not correspond to the boundaries of the land use areas. 
However, it was found possible to form nine potable water use areas (Areas a through i in 
Table A. 10), for which the boundaries are consistent. Thus the first step was to group the 
domestic metered consumptions by potable water use area. The second step was to prorate 
the metered consumption to the 34 land use districts, which was accomplished by assuming 
that the metered customers are distributed in proportion to the number of houses counted on 
aerial photographs. 

The data on metered consumption can be summarized as follows: 

0 	 Of the total consumption of 18,000 m3/d in 1990, about 60 percent was used by 
institutions. The Diwan was by far the largest consumer, accounting for 28 percent 
of metered use. 

o 	 Commerce and industry consumed less than 2 percent of the total. None of he 
existing industries require large volumes of potable-quality water. At present he 
New Industrial Area is only partially supplied from the potable distribution systt .n. 

o 	 The 12,000 domestic customers consumed about 7,300 m3 /d, or 40 percent of the 
total. Seventy -five percent of this domestic demand is concentrated in the cente; of 
the city (water use areas a, b, c, e, f). 

An estimated distribution of domestic water demands over the. city has been developed in 
conjunction with the estimation of the population distribution. The basic known data for 
both distributions (water demands and people) are shown in Table A.l I, which also 
includes the results of several trial and error iterations. For each of the potable water use 
areas (a through i), the known data include: estimated number of houses; number of 
customers (equal to the number of metered connections); and the metered water use. These 
are shown in Part A of the Table, while the estimates to be achieved are shown in Part B. 
These unknowns include: persons per house; population served; and per capita 
consumption, which can vary among the water use areas depending upon relative 
socioeconomic conditions. 
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TABLE A.9 Metered Pci#ble Consumption for Salalah, 1989-1990 

Customer Grioup Metered Use (cmd) Pct of Customers Pct of 
Group ID 1989 1990 Total in Oct 1990 Total 

Use 
Notes: [] [2] [31 
INSTITUTIONAL 
Diwan 1 4,576 4,966 27.5% 345 2.6% 
Ministry of Defenef- 2 2,020 1,740 9.6% 17 0.1% 
Mosques 3 281 340 1.9% 143 1.1% 
Government Depts. 4 3,578 3,394 18.8% 358 2.7% 

Subtotals, Public 10,455 10,440 57.7% 863 6.6% 
COMMERCIAL, INDUSTRIAL 
Companies 5 317 374 2.1% 214 1.6% 
DOMESTIC 
New Salalah 6 1,824 1,873 10.4% 2,390 18.2% 
Saada 7 393 391 2.2% 612 4.7% 
AI Wadi 8 644 651 3.6% 893 6.8% 
West Salalah 9 565 588 3.3% 1,147 8.7% 
Al Hafah, Al Husn 10 531 531 2.9% 803 6.2% 
Al Qantara [Al Gharbia] 11 146 320 1.8% 265 2.0% 
East Salalah [Al Quana] 12 224 209 1.2% 486 3.7% 
Al Baleed 13 40 39 0.2% 233 1.8% 
Awquad 14 489 514 2.8% 816 6.2% 
East Salalah 15 311 307 1.7% 633 4.8% 
AI Shatti 16 11 6 00% 81 0.6% 
Zawiah 17 99 90 /0 102 0.8% 
Ai Qoof 18 608 617 3.4% 1:%2 11.9% 
Middle Salalah 19 613 607 3.4% 942 7.2% 
Al Wadi [Al Muthaza] 20 158 175 1.0% 392 3.0% 
Dhariz 21 250 273 1.5% 683 5.?% 
Bowser Points 22 83 85 0.5% 1 0.0% 

Subtotals, Domestic 6,989 7,276 40.2% 12,046 91.8% 
TOTALS 17,761 18,090 100.0% 13,123 100.0% 

NOTES: [1] Each customer represents one piped connection 
and one water meter 

[2] Data for 1990 covers January - September 
[31 For January - September, 1990 
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TABLE A.10 Metered Wat-r Consumption in Districts ofSalalah, 1990 
S-Tiai District Name Number of Metered Customers Metered Consumption, cmdArea ID No. Largest Customer, 

ID Use in cmd JlnStI Corn es Domestic Inst'l Corn anies Domestic Total lnstl Cornaniesb 1 Al Qoci 10 11 631 c 2 58 4 253 315 21 1Al Zawih 2 8 764 6 14 379 398 3 8c 3 East Salalah 20 3 457 42 1 227 270 17 0d 4 Al Hafah i4 2 953 49 1 489 539 8 1b Town Ccnter 0 0 69 0a 6 Central Salalah 0 28 28 0 08 1 788 137 6 451 594 94 6d 7 Al Hasn 15 0 169 
e 955 0 87 1,042 435 08 New Salalah 27 6 2390 425 3 1,873 2,301 69 2a 9 West Salalah 6 2 1301 77 5 744 826 63 4AI Shatti 16 0 0 2,627 0 0 2.627 931 0f 11 AI Wadi 9 3 895 55 15f 662 731 35 1312 Al Salam 0 1 362 0 2 268 270 0 2f 13 AI Qantara ' 0 293 101 216 317 95- 14 Arzat 2 0 0 

0 
316 
 0 316 251 0
- Al Mamoorah 1 0 0 36 0 36 36 0- 16 Sahalnawt North 2 0 0 199 0 199 197- 17 Sahalnawt South 0 0 00 0 0 0 0 0
 

g 18 Saada North 2 0 344 2 22 177 201 1 0
 
g 19 
 Saada South 10 3 268 175 154 214 543 69 21h Dhariz North 
 23 36 388

h 52 132 1f5 339 20 11021 Dhariz South 16 2 295 205 0 11822 Conservation Area 323 77 1280 0 023 Farms 1 0 

0 0 0 0 0 00 1 0 0 1 1 024 Al Robat 15 0 0 859 0 0 E59 637 0Al Baleed 8 1 0 108 3 0 111 97 3b 26 Al Haseclah 17 27 862 148 67 336 551 37- 27 Salalah Airport 234 0 0 1,150 0 0 1,150 937 0- 28 New Industrial Area 1 0 0 123 0 0 123 123 0i 29 Al Awqad 34 1 510 1.483 0 321 1,805 958AI Awqad Nxh 01 0 306 0 0 193 19331 Wadi Dah , 0 01 0 0 48 0 0 48 48 032 Raysut Industrial Area 1 0 0 25 0 0 25 25 033 Raysut North 1 0 0 363 0 0 3631 34 363 0Rasut South 20 2 0 470 55 0 525 112 50TOTALS 291 I 1 12,045 10,2961 484 1 7,191 1 17,971 1,761 1 372 



In the iterations to select the unknown variables, certain check totals are known: 'he total
population of the water use areas, estimated at about 75,500 (an assumed total for the 
Salalah service area excluding Raysut); the total metered domestic use of about 7,200 m3/d;
and a presumed allowance of 800 m3 /d for domestic use of private wells. Various non
quantified factors are also known to those with a familiarity of the districts of Salalah: the
relative socioeconomic and housing conditions; the prevalence of abandoned, seasonally
vacant, newly-built and/or multi-storey buildings; and the relative numbers of Omani and 
non-Omani households within each area. Another distinguishing factor is the relative
likelihood of more than one house on a single plot of land, to accommodate extended
families of more than one household (for example, a grandfather's house sharing the same
plot of land with the households and/or dwellings of his sons, their wives and the 
grandchildren). 

Various ratios of the known variables also assist in making the es:imates. In particular, the
number of metered connections per house is a reasonable indicator for the number of 
households or living units per dwelling. Two examples are central Salalah and Saada, 
described below. 

In Central and West Salalah, there are 1.75 metered connections per house, thus 
representing an older, well-established area containing a well-mixed population in multi
storey buildings. 

The Saada area, with the lowest ratio of 0.75, represents a rapidly growing affluent area of
single-family homes. Development of water supplies from private wells is affordable to the
homeowners. The wells can be dug in advance of the construction of the public
distribution system and the installation of metered connections. 

The two types of unit demands (litres per day per house, and litres per da, per connection)
are plotted on Figure A.6 as a function of the water connections per house. It can be seen
that the scattering of the data points is greater for unit demand expressed as litres/day/house
than fo litres/day/connection. This is to be expected if the hypothesis is true; namely, that
metered connections represent households, which have a smaller range in consumption
than houses do. A further observation is that the nine areas can be divided into three 
groups based on the unit demand per house. These are: 

o 	 A high consumption group, containing the water use areas e, f, and g (New
Salalah, Al Wadi + Al Salam, and Saada). The present per capita use for this group
is estimated at 150 I/c/d. 

o 	 A low consumption group, comprising areasa, b, c, d (Central + West Salalah, Al 
Qoof + Al Haseelah, East Salalah + Al Zawia, and Al Hafah + Al Hasn).
Estimated per capita use is 80 I/c/d. 

" 	 For the remaining areas (Dhariz and Al Awqad) the average annual per capita use is 
between the high and the low consumption levels. In Dhariz, many homes are only
occupied during the monsoon season; otherwise, this area would belong in the
high consumption group. Also, there is a relatively dilapidated and over-crowded 
fishing village on the coast in Dhariz, which disturbs the relatively homogeneous
and affluent conditions found further inland. Al Awqad and North Awqad contain 
a broad socioeconomic rnge, from palaces and mansions along the shore to the 
social housing scheme in North Awqad. 
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TABLE A.11 Water Demand Distribution in Nine Areas of Salalah 

A. Water Use per House and per Metered Connection 

WATER USE AREA Area No. of No. of Water Conns./ Use/ Use/ 
ID Houses Metered Use House House Conn. 

Coons. (m3/d) (pd) (Ipd) 

Central + West Salalah a 1196 2089 1195 1.75 999 572 
A] Qoof + Al Haseelah b 1227 1562 617 1.27 503 395 
East Salalah + A Zawia c 882 1221 606 1.38 687 496 
Al Hafah + A] Hasn d 1028 1122 576 1.09 560 513 
New Salaiah e 1630 2390 1873 1.47 1149 784 
A] Wadi + Al Salam f 985 1550 1146 1.57 1163 739 
Saada, North + South g 812 612 391 0.75 482 639 
Dhariz. North + South h 820 683 273 0.83 333 400 
A] Awqad + North Awqad j 895 816 514 0.91 574 630 
TOTALS 9475 12045 7191 1.27 759 597 

High Use - Areas e,fg 3427 4552 3410 1.33 995 749 
Low Use - Areas a,b,c.d 4333 5994 2994 1.38 691 499 
Othc - Areas h,i 1715 1499 787 0.87 459 525 

TOTALS 9475 12045 7191 1.27 759 597 

B. Estimated Population Distribution and Per Capita Water Use 

WATER USE AREA Area Persons/ Population Use/ Estd. Metered Persons/ 
ID House Served Capita Use Use Conn. 

Ipcd (m3/d) (m3/d) 

Cetral + West Salalah a 13.0 15548 80 1244 1195 7.44 
Al Qoof + Al Haseclah b 7.0 8589 80 687 617 5.50 
East Salalah + Al Zawia c 9.0 7938 80 635 606 6.50 
A] Hafah + Al Hash d 7.0 7196 80 576 576 6.41 
New Salalah e 8.0 13040 150 1956 1873 5.46 
AI Wadi + Al Salam f 8.0 7880 150 1182 1146 5.08 
Saada, North + South g 6.0 4872 150 731 391 7.96 
Dhariz, North + South h 6.0 4920 100 492 273 7.20 
Al Awqad + North Awqad i 6.0 5370 100 537 514 6.58 
TOTALS 75353 8039 7191 6.26 

High Use - Areas e,fg 7.5 25792 150 3869 3410 5.67 
Low Use - Areas abcd 9.1 39271 80 3142 2994 6.55 
Other - Areas h,i 6.0 10290 100 1029 787 6.86 
TOTALS 8.0 75353 107 8039 7191 6.26 
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Figure A.6 Variations in Unit Water Demand in Nine Areas 
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The results shown in Table A. II also allow for a difference between total water use and 
metered use. This difference, supplied from private wells, i- assumed to be concentrated in 
Saada and Dhariz. In Al Hafah and Al Hasn, along the coast, the use of private wells is 
assumed to be minimal, as a result of both faecal contamination and salinity of the water. 

A.6.3 Projection of Water Demands 

The projection of water demands to the year 2020 is shown in Table A. 12. The projection 
has been obtained in two separate parts, for large users and for domestic consumers. The 
large users consist of about 400 institutional, commercial and industrial water users; 
information on their water use has been provided on the understanding that it remain 
confidential. 

For the assumed three-fold increase in population over the next thirty years, the existing 
water demand for each large user has been multiplied by the following factors to obtain the 
estimated water use in 2010: 

Type of Large User Flow Ratio, Q2010/Q 1990 

Commercial and Industrial 2.0 
Military 2.0 
Governmental Departments and Schools 1.5 
Diwan 1.3 
Diwan Package STP 0.0 

The metered water demand at the Diwan package sewage treatment plant in Al Shatti was 
very high in 1990. When the palace is occupied and the plant is fully operational, the 
effluent is used nearby for irrigation. Apparently when wastewater flows are low and 
insufficient to meet the irrigation demand, city water is used to supplement the effluent 
from the plant. 

Large-user demands are assumed to increase linearly between 1990 and 2010, and to 
increase an additional 10 percent from 2010 to 2020. For the proposed Raysut industrial 
area, Stage I is assumed to be fully developed by 2000, and Stage 2 by 2010; a water 
demand of 10 m3 /d/hectare has been applied. The same unit water rate is applied to the 
New Industrial Area. 

Domestic per capita use is projected to show a nominal increase over the next 30 years, 
with a 50 percent increase for the low consumption group (from 80 lpcd to 120 lpcd), and a 
35 percent for the high consumption group (from 150 lpcd to 200 lpcd). The projected 
increase is based on the assumptions that the price of water will remain high, and that 
domestic water-using devices will be installed in increasing numbers, particularly among 
the low consumers. This implies a lower percentage rate of growth in per capita 
consumption among the high consumption group, many of whom may already be using 
washing machines, dish washers, garbage disposals and other water-using devices. 

Water losses in the distribution system are projected at 20 percent of production, 
comparable to the existing losses of 18 percent. It is not expected that a loss reduction 
programme could economically find and reduce losses (whether as leakage, theft, public 
unmetered use, use at temporary unmetered connections, or meter under-registration), 
beyond the low levels that presently exist. 
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TABLE A.12 Projection of Potable Water Use, 1990. 2020 

District Consutw ,on Large Prmjeced Popul-on Donestic Per-Capita Domettic C---iump a Total Consumpticn ProductionRequired
ID Usr cn)(os s cd Crd cmd) 

I AI Qoof 62 74 85 94 3.5 3.6 3.6 3.7 80 100 110 120 282 361 397 443 344 435 483 537 430 544 604 6712 AlZiah 19 27 35 38 5.0 5.1 5.1 5.3 80 100 110 120 398 506 556 633 417 533 591 671 521 666 738 8393 EastSalalah 43 52 60 66 3.0 3.0 3.0 3.0 80 100 110 120 238 297 327 356 281 349 387 423 351 436 484 5294 Al Hafah 50 55 59 65 6.1 6.2 6.2 6.4 80 100 110 120 489 622 684 7695 Town Crattr 0.4 2.7 5.4 5.7 
539 676 743 835 674 846 929 104380 100 10 120 31 267 598 586 31 267 598 686 39 333 748 8586 Centrl Salalh 14 176 208 229 5.9 7.5 7.5 7.9 80 100 110 120 4697 AiHasn 955 999 1043 1147 1.1 1.5 1.9 2.0 80 100 110 

750 825 947 612 925 1033 1176 765 1156 1291 1470
120 87 154 211 242 1042 1153 1254 1389 1303 1442 1567 17368 New Salslah 428 532 636 700 13.0 13.1 13.1 13.4 150 170 185 195 1957 2223 2419 2618 2384 27559 Wes Salalsh 3056 3317 2980 3444 3819 414782 103 124 136 9.7 11.3 11.3 11.8 80 100 120 120 775 1132 1246 141 857 1235 136910 AlShati 2627 2633 2640 2904 1546 1071 1544 1712 1933 

2627 2633 2640 2904 3283 3292 3300 363011 AiWadi 69 90 111 123 4.6 5.7 67 7.1 150 170 185 195 683 966 1249 1385 752 1057 1360 1508 940 1321 1700 188512 AI Salim 2 3 4 5 1.8 2.3 2.4 2.5 150 170 185 195 276 386 443 491 278 389 44713 AI Qantara 101 103 105 115 1.5 496 348 486 559 6202.1 2.2 2.4 150 170 185 195 223 361 415 460 325 464 519 575 406 580 649 71914 Axzat 316 395 474 521 

15 Al Mamoortsh 36 42 47 52 


316 395 474 521 395 494 593 652 
36 42 47 52 45 52 5916 SahalnawtNoMh 199 65249 299 329 19.7 26.4 150 170 185 195 3641 5148 199 249 3940 5477 24917 Sahajnawt South 311 4925 6M3.4 3.6 150 170 185 195 633 702 0 0 633 702 0 0 791 87818 Saada Norh 2 2 2 2 2.2 4.5 7.1 7.5 150 170 185 195 330 766 1319 1464 332 767 1321 1465 415 959 1651 183219 Saad ,South 198 253 308 338 2.7 7.9 12.5 13.1 150 170 185 195 400 1345 2308 2 597 1597 2616 2898 747 1997 3269 362320 Dhriz North 206 296 387 425 2.8 5.2 6.2 6.4 150 170 185 195 419 889 1145 1245 625 1185 1532 1670> 781 1482 1915 208821 Dhariz South 336 438 539 593 2.1 3.1 3.7 3.9 150 170 185 195 320 534 677 751 656 972 1216 1344 820 1215 1520 168123 Fp-ns 1 2 2 2 6.7 7.1 150 170 185 195 0 0 1244 1381 1 224 Al Robat 859 975 1092 1201 1246 1383 2 2 1558 1729

0 0 0 0 859 975 1092 1201 1073 1219 136525 Al Baleed 111 140 168 185 1501 
0 0 0 0 111 140 168 185 139 175 210 23226"Ai Haseelah 215 274 333 366 4.7 4.7 4.7 4.7 80 100 110 120 374 468 514 561 589 742 84727 SalslahAirpo 1150 1438 1725 2898 1.3 1.3 1.4 150 

927 737 927 1059 2159170 185 195 0 
123 

216 239 265 1150 1653 1964 2163 1438 2067 2455 270428 New IndustrialArea 2820 3760 4136 

29 At Awqad 1484 1844 2204 2425 


0 0 0 0 123 2820 3760 4136 154 3525 4700 51703.4 4.2 5.0 5.2 100 130 140 150 335 544 694 782 1819 2388 2898 3207 2274 2985 362330 A AwqadNosh 0 0 0 40081 2.0 9.5 20.3 25.8 100 130 140 150 200 1238 2843 3870 200 1238 2844 3871 250 1548 3555 483831 Wadi Daha 48 60 71 79 8.6 9.0 150 170 185 195 0 0 1582 1755 48 60 165332 Rays- Ind'i 1834 60 74 2066 2292Area 25 252 808 812 

33 Rayst North 363 453 544 598 0.6 1.6 


0 0 0 0 25 252 808 812 32 315 1010 10152.2 2.3 100 230 140 150 60 207 303 34234 RaysutSouth 423 661 847 940 528 826 1059 1175525 658 790 869 1.2 9.0 13.6 18.9 100 130 140 150 120 1176 1903 2828 645 1834 2693 3697 806 2292 3366 4621 
Totals 10780 15436 18664 20454 77 115 183 206 109.7 133.8 155.0 165.3 8464 15407 28415 34095 19244 30842 47079 54548 24055 38553 58849 6815
Growth over 10 year periods. Percent:,

43% 21% 10% 49% 59% 13% 22.0% 15.8% 6.6% 82% 84% 20% 60% 53% 16% 60% 53% 16%Percemage of Total .4roduion:
 
45% 40% 32% 30% 
 35% 40% 48% 50% 80% 80% 80% 80% 100I% IO0% 10% 100% 



A.7 Wastewater 

A.7.1 	 Wastewater Sources and Types 

Wastewater is fundamentally the used water of the community. As found in a sewer 
system, it has five principal components. These are: 

o 	 Domestic sewage - This consists of the water that enters residences and is not used 
or spilled outside the residence or lost to the atmosphere. It includes a large part of 
the piped water supply delivered to residences and that part of the water obtained 
from private wells that is used domestically. It includes food preparation and 
washing residues ("sullage water") as well as urine and faecal matter. 

0 	 Commercial, governmental and institutional wastewater - This is wastewater that 
originates on commercial, governmental, :'.ipital, mosque, military, construction 
and other premises where people congregate du.ing working or other special hours. 
In some cases, it represents the full sewage production of persons who are resident 
at the site. In others, it is the proportion of sewage that is produced during working 
hours, and in part represents a translation of wastewater production from a 
residential to another location. In general, these wastewaters have similar 
characteristics to domesLic sewage but may be more dilute because of the greater 
ratio of plumbing fittings to people and the reduced incidence of food preparation.
In such wastes deriving from areas outside the contro! of the sewage authority, 
non-sewage substances, such as oil residues and medical wastes, may be present. 
A particular case is restaurant wastes, which have a high proportion of food 
preparation materials including grease. Grease traps are normally provided to 
reduce the grease content of restaurant wastes before they enter the sewer. 

0 	 Industrial wastes - These are liquid wastes that consist of: sewage from workers on 
industrial premises; used industrial process waters; raw material or product wash 
waters; raw material, product or byproduct spillage; and contaminated cooling 
waters. Uncontaminated cooling water is normally separately disposed of or 
reused. Spilled raw material, product or by-product, process water, and wash 
water can be deleterious to sewers and wastcw.v:er treatment processes, and may be 
dangerous to sewer system workers, depending on the industry involved. In most 
sewer systems, industrial wastes acceptavce i niditional on the exclusion of toxic 
and harmful substances and limitation ot strength uid is accompanied by discharge 
monitoring and sampling and, where necessary. ir -faciory pretreatment. 

0 	 Infiltration and inflow - Where sewei. ar_- lai; [.-low the groundwater table, water 
will enter the sewers and system structurcs through any cracks or unsealed joints. 
If roof and/or yard drains or roadside cailibasils aie connected to the system, or if 
household sewer gullies or restaurant greasctraps are located in floodable areas, 
rainwater runoff or and/or floodwaters will enter the sewers. 

0 	 Dust and debris - Sand, dust and debris, if allowed to enter the sewer system, will 
tend to cause clogging of sewers, damage to pumping machinery and increased 
erosion of the sewer fabric. While their entry cannot be prevented entirely, it 
should be minimised, especially in an environment such as that in Salalah. 

A.7.2 Domestic Wastewater Unit Flow and Strength 

Wastewater production is a function of the water that is used on premises. It is usually 
from 80 to 90 percent of piped water use, exclusive of major irrigation use. As with the 
water demand estimates, estimates of domestic flow have been made primarily on a per 
capita basis, guided by actual water sales data grouped by high, low and mixed demand 
districts. Wastewater generation has been taken to be 90 percent of domestic water 
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2020 

consumption for low water use districts and 8C percent elsewhere. This allows lbr the 

greater prevalence of lawn and plant watering among the higher water consumption groups. 

The projected per capita domestic sewage production values, in /c/d, are: 

DISTRICT CATEGORY 1990 2000 2010 

High water consumption 120 136 148 156 
Low water consumption 72 90 99 108 
Other 80 	 112104 	 120 

Average* 90 	 126110 	 138 

(* Weighted in accordance with the distribution of population by district) 

The key parameters of domestic wastewater strength are biochemical oxygen demand 
(BOD) and suspended solids (SS). The per capita production of BOD and SS tends to fall 
in the following ranges: 

BASIS/LOCATION BOD (g/c/d) SS (g/c/d)
USA general experience (1) 76 	 76 
Cairo, new areas (2) 64 	 71 
Cairo, older areas (2) 72 	 80 
Without garbage grinders (3) 55 
Parts of Sala!ah (4) 	 42 

(1) 	 Based on representative averages of 380 l/c/d and 200 mg/
(2) 	 Based on recent studies by CDM 
(3) 	 Fair, Geyer and Okun, 1971 
(4) 	 Based on confidential information related to areas served by and samples taken at 

certain package treatment plants; the range of values was 29 to 53 g/c/d 

Sampling of tankered wastewater is not reliable for this purpose because of uncertainties as 
to the populations represented and changes that have taken place in the wastewater in the 
holding tanks before collection. The following values, in g/c/d, are proposed for planning
purposes assuming minor increases with time in accordance with general experience
elsewhere: 

COMPONENT 1990 2000 2010 2020 

BOD 50 	 5855 	 60 
SS 	 60 65 68 
 70
 

A.7.3 Commercial and Institutional Wastewater 

For planning purposes the governmental and institutional (including hospital and military)
wastewater and commercial wastewater, can be estimated either on the basis of current 
water consumption projected forward or on a unit area basis. Since water sales records 
exist for all such users of the public system, large user consumption records have been 
utilised as the principal determinant of 1990 flows. The use of a unit area basis would be 
virtually impossible for the largely open palace and military areas. 

Provision for commercial areas is included in the population projections and total daily 
average flows. At the detailed design stage, it will be necessary to make specific peak flow 
provisions for certain commercial areas as the basis for local sewer design. 

Consumption records for 1990 for all public water supply users of more than 0.75 m3/day
(5,000 gallons per month), including commercial as well as governmental and institutional 
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users, were individually reviewed in order to estimate domestic versus irrigation use. In 
addition to the meter records, information was provided by the Diwan on water meters that 
represented domestic, irrigation and mixed use, and of water/wastewater ratios based on 
data relating to areas served by certain package treatment plants. On these bases, the 
irrigation use was estimated, and wastewater production was estimated to be 80 percent of 
the remaining domestic use. Additional provision was made for certain known potential 
large users not appearing in the meter records. 

These estimates were accumulated both by administrative districts and by wastewater 
collection zones (as in Figure 2.6). For the purpose of forward projection, parallel
assumptions on growth factors were made to those for water supply projections. 

Confidential data made available for areas served by certain package sewage treatment 
plants in Salalah indicated that the sewage produced had an average BOD of 204 mg/l. A 
1990 value of 200 mg/l has therefore been adopted for governmental, institutional and 
commercial wastewater. This implies a higher quantity of more dilute wastewater than is 
predicted from domestic premises. This appears reasonable in that individual users on 
governmental, institutional and commercial premises are not responsible to pay for the 
water. 

A.7.4 Industrial Wastes 

Industrial wastes quantities and strengths need to be established on the basis of the specific
requirements of any large water using and wastewater producing industries and taking into 
account the expected number of employees in each area to be served. Such studies should 
be undertaken to establish the bases for design before detailed designs and contract 
documents are prepared, and should be verified both before wastewater treatment facilities 
are put into operation and periodically thereafter. 

Wastewater production from the old industrial area in Al Hlaseelah is taken care of by the 
combined domestic and large user provisions described above. 

For planning purposes, the assumption is made that industrial wastes from identified 
industrial areas for which no water consumption data are available is equal to 95 percent of 
the assumed water demand of 10 m3/day/ha gross area. (This is approximately equivalent
to the wastewater flow from a part-time population of 200 persons per gross hectare.) The 
assumed wastewater strength is 200 mg/l BOD and 250 mg/I SS. 

The basis for this provision is that all strong and deleterious wastes will be kept out or 
appropriately pretreated. To ensure that this happens, it may be necessary to provide for 
the separate collection and disposal of toxic and hazardous wastes such as oil residues, 
paint residues and medical wastes. 

A.7.5 Other Sewer Admissions 

Infiltration flows are likely to occur where sewers are laid below groundwater. Exfiltration 
may occur in other areas where the soil is dry and has a high permeability. 

Assuming good quality construction, relatively low infiltration of about 50 m3/day/km of 
total sewer length would be expected in areas with high groundwater table. At an expected 
average for such high density areas of 2.0 m of sewer per capita, this is equivalent to an 
average of about 100 I/c/day, or approximately the average flow. 

The water that would enter the sewers in these areas would be saline, and would tend to 
make the wastewater unsuitable for reuse. Therefore, special consideration will need to be 
giv,-r, to how to deal with this. Possible measures to minimise infiltration include: 
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o Maintaining shallow depths of sewer by frequent pumping in order to minimise 

infiltration 

o 	 Design of sewers using long-length pipes with pressure couplings 

o 	 Deferment of sewering of such areas until local experience is available on actual 
performance of various practices and materials 

o 	 Separate treatment and disposal of wastewater from such areas 

While exfiltration is a possibility, with good construction, the low head available within the
pipes, together with the tendency of sewage solids to blind any cracks, will make this 
minimal except where there is actual structural damage or deterioration. 

It is assumed for planning purposes that suitable engineering and administrative measures
will be taken to limit runoff inflow and the admission of silt and debris to insignificant 
levels. 

A.7.6 Flow and Strength Projections 

Projections of wastewater flow, BOD, and SS by administrative district, from 1995 to
2020, are presented in Tables A. 13 - A. 15. Wastewater generation at present totals over 12 
MLd and is expected to increase more than threefold, to almost 43 MLd by 2020. Large
water user wastewater production is a much smaller part of the total than in the case of 
water use, because of the very large quantities of water used for irrigation by governmental
entities. Total large user wastewater production is about 44 percent of total production
today, and is expected to decrease to about 33 percent by 2020. 

Table A. 16 shows the wastewater flow projection -irganized by wastewater collection zone, 
as in Figure 2.6. Wastewater generation is at present largely concentrated in the two central 
zones, C and D. Three quarters of the total production is occurring there. However, by
2010 this proportion will have diminished to 64 percent. 

The BOD and suspended solids concentrations, which in Table A. 15 are derived from the 
totals generated and the flows, show a generally declining trend with time. This is because 
the flows are expected to increase faster than the rates of BOD and SS production. 
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TABLE A.13 Projection ofDomestic Wastewater, 1995 - 2020 

ID 
1 
2 
3 
4 

6 
7 
8 
9 

11 
12 
13 

14 

District 

Al Qoof 
AI Zawiah 
East Salalah 
AI tafal 
Town Center 
Central Salalah 
Al Hasn 
New Salalah 
West Salalah 

Al Shatd
AI Wadi 
Al Salam 
Al Qantara 

Arzat 

'Zoel'n 
Zone 

D 
D 
D 
D 
D 

D+E 
E 
E 
E 

E 
E 
E 
E 

A 

P 
99I202019 

81 90 
81 90 
81 90 
81 90 
81 90 
81 90 
81 90 

128 136 
81 90 

128 136 
128 136 
128 136 

201019O9 
95 99 
95 99 
95 99 
95 99 
95 99 
95 99 
95 99 

142 148 
95 99 

142 148 
142 148 
142 148 

WastewaterFlows (Ml/d, Biochnical Ox Sen -. d (i/d)
195 .29 0 051 01 U 19951 20001 200502000 2020 

156 0.29 0.33 0.34 0.36 0.86 0.19 0.20 0.20 0.21 0.33 
156 0.41 0.46 0.48 0.50 1.24 0.26 0.28 0.29 0.29 0.48 
156 0.24 0.27 0.28 0.29 0.69 0.16 0.16 0.17 0.17 0.27 
108 0.50 0.56 0.59 0.62 0.69 0.32 0.34 0.35 0.36 0.38
156 0.12 0.24 0.41 0.54 0.91 0.08 0.15 0.24 0.32 0.35 
134 0.54 0.67 0.71 0.74 1.17 0.35 0.41 0.42 0.43 0.52
108 0.11 0.14 0.16 0.19 0.22 0.07 0.08 0.10 0.11 0.12 
156 1.67 1.78 1.86 1.94 2.09 0.69 0.72 0.74 0.76 0.81
108 0.85 1.02 1.08 1.12 1.27 0.55 0.62 0.64 0.66 0.71 

156 0.67 0.81 0.93 1.01 1.11 0.28 0.33 0.37 0.40 0.43 
156 0.26 0.31 0.33 0.35 0.39 0.11 0.12 0.13 0.14 0.15
156 0.23 0.29 0.31 0.33 0.37 0.09 0.12 0.12 0.13 0.14 

Suspnded Solid! (rd) 
19952 2005 2010 
0.22 0.23 0.24 0.25 
0.31 0.33 0.34 0.34 
0.19 0.19 0.20 0.20 
0.39 0.40 0.41 0.42 
0.10 0.17 0.29 0.37 
0.42 0.49 0.50 0.51 
0.08 C.10 0.12 0.13 
0.82 0.85 0.87 0.89 
0.66 0.74 0.75 0.77 

0.33 0.39 0.43 0.46 
0.13 0.15 0.16 0.16 
0.11 0.14 0.15 0.15 

202( 
0 39 
0.55 
0.31 
0.45 
0.41 
0.61 
0.14 
0.94 
0.82 

0.50 
0.18 
0.17 

16 
17 
18 
19 

21 

22 
23 

24 

Al Marnoorah
Sshalnawt North 
Sahalnawt South 
Saada North 
Saada South 
Dhariz North 
Dhariz South 

Conservation Area
Farms 

Al Robat 

A
A 
A 
C 
C 
B 
H 

C 
C 

C 

128 
128 
92 
92 

136 
136 
104 
104 

142 
142 
142 
142 
108 
108 

142 

148 
148 
148 
148 
112 
112 

148 

156 
156 
156 
156 
120 
120 

156 

0.00 
0.00 
0.53 
0.70 
0.37 
0.24 

0.00 

0.00 
0.00 
0.75 
1.20 
0.54 
0.33 

0.00 

0.51 
0.13 
1.05 
1.67 
0.63 
0.38 

0.58 

2.47 
0.51 
1.30 
2.07 
0.69 
0.41 

1.00 

3.18 
0.56 
1.44 
2.29 
0.77 
0.46 

1.10 

0.00 
0.00 
0.22 
0.29 
0.21 
0.14 

0.00 

0.00 
0.00 
0.30 
0.49 
0.29 
0.17 

0.00 

0.20 
0.05 
0.42 
0.66 
0.33 
0.20 

0.23 

0.97 
0.20 
0.51 
0.81 
0.36 
0.21 

0.39 

1.22 
0.22 
0.55 
0.88 
0.38 
0.23 

0.42 

0.00 
0.00 
0.26 
0.34 
0.25 
0.16 

0.00 

0.00 
0.00 
0.36 
0.70 
0.34 
0.20 

0.00 

0.24 
0.06 
0.49 
0.71 
0.39 
0.23 

0.27 

1.13 
0.23 
0.60 
0.72 
0.42 
0.25 

0.46 

1.43 
0.25 
0.01, 
1.03 
0.45 
0.27 

0.50 

26 
27 

28 
29 

31 

32
33 
34 

Al Baleed
Al Haseelah 
Salalah Airport 

New Industrial Area
Al Awqad 
Al Awqad North 
Wadi Daha 

Raysut Industrial AreaRaysut North 
Rayst:tSouth 
TOTAL 

D 
D 
D 

E 
E 
E 
E 

E
F 
F 

81 
128 

92 
92 

92 
92 
99 

90 
136 

104 
104 

104 
104 
104 

95 
142 

108 
108 
142 

108 
108 
112 

99 
148 

112 
112 
148 

112 
112 
119 

156 
156 

120 
120 
156 

120 
120 
141 

0.41 
0.03 

0.35 
0.48 
0.00 

0.10 
0.47 
9.57 

0.50 
0.06 

0.44 
0.87 
0.00 

0.17 
0.94 

12.66 

0.53 
0.06 

0.51 
1.45 
0.77 

0.21 
0.99 

16.94 

0.55 
0.06 

0.56 
1.95 
1.27 

0.24 
1.52 

22.57 

1.31 
0.07 

0.63 
2.51 
1.40 

0.27 
2.26 

29.28 

0.27 
0.01 

0.20 
0.27 
0.00 

0.06 
0.27 
5.08 

0.30 
0.02 

0.23 
0.46 
0.00 

0.09 
0.50 
6.39 

0.31 
0.02 

0.27 
0.76 
0.31 

0.11 
0.52 
8.17 

0.32 
0.02 

0.29 
1.01 
0.50 

0.13 
0.79 

10.48 

0.50 
0.03 

0.31 
1.26 
0.54 

0.14 
1.13 

12.50 

0.32 
0.01 

0.24 
0.32 
0.00 

0.07 
0.32 
6.04 

0.36 
0.03 

0.27 
0.54 
0.00 

0.10 
0.59 
7.68 

0.37 
0.03 

0.31 
0.89 
0.36 

0.13 
0.61 
9.54 

0.38 
0.03 

0.34 
1.18 
0.58 

0.15 
0.92 

12.05 

0.59 
0.03 

0.36 
1.47 
0.63 

0.16 
1.32 

14.58 



TABLE A.14 Wastewater Projection for Large Users, 1995. 2020 

ID 
District Coll'n 

Zone 
1995 

Wastewater Generation 
(Megalitres/day)

2000 1 2005 1 2010 1 2020 

Biochemical Oxygen Demand (BOD) 
2(onnes/day)

1995 2000 1 2005 1 2010 2020 1995 

Suspended Solids (SS) 
-on1es/day)

2000 1 2005 1 2010 2020. 

1 
2 

Al Qaof 
Al Zawiah 

D 
D 

0.05 
0.02 

0.06 
0.02 

0.06 
0.02 

0.07 
0.03 

0.08 
0.03 

0.01 
0.00 

0.01 
0.00 

0.01 
0.00 

0.01 
0.01 

0.02 
0.01 

0.01 
0.00 

0.01 
0.01 

0.02 
0.01 

0.02 
0.01 

0.02 
0.01 

3 East Salalah D 0.04 0.04 0.04 0.05 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
4 
5 
6 
7 

Al Hafah 
Town Center 
Central Salalah 
Al Ham 

D 
D 

D+E 
E 

0.03 
0.00 
0.13 
0.23 

0.03 
0.00 
0.14 
0.23 

0.03 
0.00 
0.15 
0.24 

0.03 
0.00 
0.17 
0.25 

0.04 
0.10 
0.18 
0.27 

0.01 
0.00 
0.03 
0.05 

0.01 
0.00 
0.03 
0.05 

0.01 
0.00 
0.03 
0.05 

0.01 
0.00 
0.03 
0.05 

0.01 
0.02 
0.04 
0.05 

0.01 
0.00 
0.03 
0.06 

0.01 
0.00 
0.04 
0.06 

0.01 
0.00 
0.04 
0.06 

0.01 
0.00 
0.04 
0.06 

0.01 
0.03 
0.05 
0.07 

8 New Salalah E 0.38 0.43 0.47 0.51 0.56 0.08 0.09 0.09 0.10 0.11 0.10 0.11 0.12 0.13 0.14 
9 
10 

West Salalah 
Al Shatti 

E 
E 

0.07 
0.45 

0.08 
0.48 

0.09 
0.52 

0.10 
0.56 

0.11 
0.62 

0.01 
0.09 

0.02 
0.10 

0.02 
0.10 

0.02 
0.11 

0.02 
0.12 

0.02 
0.11 

0.02 
0.12 

0.02 
0.13 

0.02 
0.14 

0.03 
0.15 

11 Al Wadi E 0.03 0.04 0.04 0.05 0.05 0.0! 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 1.01 
12 
13 
14 
15 

Al Salam 
Al Qantara 
Arzat 
Al Mamocrah 

E 
E 
A 
A 

0.00 
0.02 
0.22 
0.01 

0.00 
0.03 
0.24 
0.01 

0.00 
0.03 
0.26 
0.01 

0.00 
0.03 
0.29 
0.01 

0.00 
0.03 
0.32 
0.01 

0.00 
0.00 
0.04 
0.00 

0.00 
0.01 
0.0. 
P.,0 

0.00 
0.01 
0.05 
0.00 

0.00 
0.01 
0.06 
0.00 

0.00 
0.01 
0.06 
0.00 

0.00 
0.01 
0.05 
0.00 

0.00 
0.01 
0.06 
0.00 

0.00 
0.01 
0.07 
0.00 

0.00 
0.01 
0.07 
0.00 

0.00 
0.01 
0.08 
0.00 

16 
17 
18 
19 
20 
21 
22 
23 

Sahalnawt North 
Sahalnawt South 
Saada North 
Saada South 
Dhariz North 
Dhariz South 
Conservation Area 
Farms 

A 
A 
C 
C 
B 
B 
C 
C 

0.13 
0.00 
0.00 
0.18 
0.20 
0.31 
0.00 
5.00 

0.14 
0.00 
0.00 
0.20 
0.24 
0.35 
0.00 
0.00 

0.15 
0.00 
0.00 
0.22 
0.27 
0.39 
0.00 
0.00 

0.17 
0.00 
0.00 
0.25 
0.31 
0.43 
0.00 
0.00 

0.19 
0.00 
0.00 
0.27 
0.34 
0.47 
0.00 
0.00 

0.03 
0.00 
0.00 
0.04 
0.04 
0.06 
0.00 
0.00 

0.03 
0.00 
0.00 
0.04 
0.05 
0.07 
0.00 
0.00 

0.03 
0.00 
0.00 
0.04 
0.05 
0.08 
0.00 
0.00 

0.03 
0.00 
0.00 
0.05 
0.06 
0.09 
0.00 
0.00 

0.04 
0.00 
0.00 
0.05 
0.07 
0.09 
0.00 
0.00 

0.03 
0.00 
0.00 
0.05 
0.05 
0.08 
0.00 
0.00 

0.04 
0.00 
0.00 
0.05 
0.06 
0.09 
0.00 
0.00 

0.04 
0.00 
0.00 
0.06 
0.07 
0.10 
0.00 
0.00 

0.04 
0.00 
0.00 
0.06 
0.08 
0.11 
0.00 
0.00 

0.05 
0.00 
0.00 
0.07 
0.09 
0.12 
0.00 
0.00 

24 
25 

Al Robat 
Al Baleed 

C 
D 

0.32 
0.10 

0.34 
0.11 

0.36 
0.12 

0.38 
0.13 

0.41 
0.15 

0.06 
0.02 

0.07 
0.02 

0.07 
0.02 

0.08 
0.03 

0.08 
0.03 

0.08 
0.03 

0.09 
0.03 

0.09 
0.03 

0.09 
0.03 

0.10 
0.04 

26 Al Haseelah D 0.17 0.19 0.21 0.24 0.26 0.03 0.04 0.04 0.05 0.05 0.04 0.05 0.05 0.06 0.07 
27 Salalah Airport D 0.78 0.87 0.96 1.04 1.15 0.16 0.17 0.19 0.21 0.23 0.20 0.22 0.24 0.26 0.29 
28 New Industrial Area E 1.40 2.68 3.13 3.57 3.93 0.28 0.54 0.63 0.71 0.79 0.35 0.67 0.78 0.89 0.98 
29 
30 
31 

Al Awqad 
Al Awqad North 
Wadi D-ha 

E 
E 
E 

1.27 
0.00 
0.04 

1.41 
0.00 
0.05 

1.55 
0.00 
0.05 

1.69 
0.00 
0.06 

1.86 
0.00 
0.06 

0.25 
0.00 
0.01 

0.28 
0.00 
0.01 

0.31 
0.00 
0.01 

0.34 
0.00 
0.01 

0.37 
0.00 
0.01 

0.32 
0.00 
0.01 

0.35 
0.00 
0.01 

0.39 
0.00 
0.01 

0.42 
0.00 
0.01 

0.46 
0.00 
0.02 

32 
33 

Raysut Indus:rial Area 
Rayrut North 

E 
F 

0.13 
0.23 

0.24 
0.25 

0.50 
0.28 

0.77 
0.30 

0.77 
0.34 

0.03 
0.05 

0.05 
0.05 

0.10 
0.06 

0.15 
0.06 

0.15 
0.07 

0.03 
0.06 

0.06 
0.06 

0.13 
0.07 

0.19 
0.08 

G.19 
0.08 

34 Raysut South F 0.47 0.53 0.58 0.63 0.70 0.09 0.11 0.12 0.13 0.14 0.12 0.13 0.14 0.16 0.17 

TOTALS 7.42 9.43 10.77 12.11 13.35 1.48 1.89 2.15 2.42 2.67 1.85 2.36 2.69 3.03 3.34 
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TABLE A.15 Total Wastewater Flows by District 1995 - 2020 

District Co'n WastewatcrGcno Bioc-ca 
ID 

OxygenDeman (BOD) Suspended Solid%(SS)
Zone " Me #gjfjy) Ior cs/day) (Tormes/diy)

1995 I 2009 12005A 2010 12020 1 2000 12005 12010 1 2020 19 20001 2005 12010-1 2020 
1 Al Qoof D 0.34 0.38 0.41 0.43 0.94 0.20 0.21 0.22 0.22 0.35 0.24 0.25 0.26 0.26 0.412 Ai Zawiah D 0.43 0.48 0.51 0.53 1.27 0.27 0.28 0.29 0.30 0.4d 0.32 0.33 0.34 0.35 0.563 East Salalah D 0.28 0.31 0.33 0.34 0.75 0.16 0.17 0.18 0.18 0.28 0.20 0.20 0.21 0.21 0.334 A] Hafawh D 0.53 0.59 0.62 0.65 0.73 0.33 0.35 0.36 0.37 0.39 0.39 0.41 0.42 0.43 0.465 Town Center D 0.12 0.24 0.41 0.54 ).01 0.08 0.15 0.24 0.32 0.37 0.10 0.17 0.29 0.37 0.436 Central Salal-h D+E 0.67 0.82 0.87 0.91 1.35 0.38 0.44 0.45 0.47 0.56 0.45 0-12 0.54 0.557 AI Hasn 0.65E 0.33 0.37 0.41 0.44 0.49 0.11 0.13 0.15 0.16 0.18 0.14 0.16 0.18 0.19 0.218 New Salalah E 2.06 2.20 2.32 2.44 2.65 0.76 0.80 0.83 0.86 0.92 0.91 0.96 0.99 1.02 1.089 West Salalah E 0.92 1.10 1.17 1.22 1.38 0.57 0.64 0. ' 0.68 0.73 0.67 0.76 0.78 0.79 0.35AI Sharti E 0.45 0.48 0.52 0.56 0.62 0.09 0.10 0.10 0.11 0.12 0.11 0.12 0.13 0.14 0.1511 Al Wadi E 0.70 0.84 0.97 1.06 1.16 0.28 0.33 0.38 0.40 0.44 0.34 0.39 0.44 0.47 0.5112 AlSalsm E 0.27 0.31 0.34 0.36 0.40 0.11 0.13 0.13 0.14 0.15 0.13 0.15 0.16- 0.16 0.1813 AlQmntam E 0.26 0.31 0.34 0.36 0.40 0.10 0.12 0.13 0.14 0.15 0.12 0.14 0.15 0.16 0.1714 Arzat A 0.22 0.24 0.26 0.29 0.32 0.04 0.05 0.05 0.06 0.06 0.05 0.06 0.07 0.07 0.08Al Mamoorah A 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0016 Sahalnawt North A 0.13 0.14 0.67 2.64 3.37 0.03 0.03 0.23 1.00 1.26 0.03 0.04 0.28 1.18 1.4717 Sahalnawt South A 0.00 0.00 0.13 0.51 0.56 0.00 0.00 0.05 0.20 0.22 0.00 0.00 0.06 0.23 0.2518 Saada North C 0.53 0.75 1.0! 1.30 1.44 0.22 0.30 0.42 0.51 0.55 0.26 0.36 0.49 0.60 0.6519 Sada South C 0.88 1.41 1.89 2.31 2.56 0.32 0.53 0.71 0.86 0.94 0.39 0.75 0.77 0.78 1.10Dhariz North B 0.57 0.78 0.90 1.00 1.11 0.25 0.33 0.38 0.42 0.45 0.30 0.40 0.45 0.50 0.5321 Dhariz South B 0.55 0.68 0.77 0.84 0.94 0.20 0.24 0.28 0.30 0.33 0.24 0.29 0.33 0.36C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.3922 Conservation Area 
0.00 0.00 0.00 0.0023 Farms C 0.00 0.00 0.58 1.00 1.11 0.00 0.00 0.23 0.39 0.43 0.00 0.00 0.27 0.46 0.5024 Al Robat C 0.32 0.34 0.36 0.38 0.41 0.06 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.10Al Baited D 0.10 0.11 0.12 0.13 0.15 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.0426 Al Hsseelah D 0.58 0.69 0.74 0.79 i.57 0.30 0.34 0.36 0.37 0.55 0.36 0.41 0.42 0.4427 Salaah Airport D 0.81 0.92 1.02 1.11 1.22 0.17 

0.65 
0.20 0.21 0.23 0.26 0.21 0.24 0.27 0.2928 New Industrial Area E 1.40 2.68 3.13 3.57 3.93 0.28 0.54 0.63 0.71 

0.32 
0.79 0.35 0.67 0.78 0.89 0.9829 Al Awqad E 1.62 1.85 2.06 2.25 2.49 0.45 0.51 0.58 0.63 0.68Al Ailqad North E 0.48 0.87 1.45 1.95 

0.55 0.62 0.70 0.76 0.832.52 0.27 0.46 0.76 1.01 1.26 0.32 0.54 0.89 1.18 1.473, Wadi Daha E 0.04 0.05 0.82 1.32 1.47 0.01 0.01 0.32 0.51 0.55 0.01 0.01 0.37 0.60 0.6532 Raysut Industrial Area E 0.13 0.24 0.50 0.77 0.77 0.03 0.05 0.10 0.15 0.15 0.03 0.06 0.13 0.19 0.1933 RaysutNorth F 0.33 0.42 0.49 0.55 0.61 0.10 0.14 0.17 0.19 0.20 0.13 0.17 0.20 0.22 0.2434 Raysut South F 0.94 1.47 1.57 2.15 2.96 0.36 0.60 0.63 0.91 1.27 0.44 0.72 0.75 1.08 1.49 

TOTALS 16.99 22.09 27.71 34.68 42.62 6.56 8.28 10.32 12.90 15.17 7.90 10.04 12.23 15.08 17.92STRENGTH. mgIL 386 375 372 372 356 465 454 441 435 420
Note: Central Salalah (DisL 6) split 65/35 to Zones D/E 



TABLE A.16 Wastewater Projections by Collection Zone 

A. 	 Large Users
 
Collection Zone Flow (million litres per day)
 

1995 1 2000 2005 20Q0 2020 
A Sahalnawt 0.35 0.39 0.43 0.47 0.51 
B 	 Dhariz 0.51 0.660.59 0.74 0.81 
C Saada 0.51 0.55 0.59 0.63 0.69
D City East 1.27 1.41 1.56 1.70 1.97
E City West 4.08 5.72 6.68 7.64 8.33 
F 	 Raysut 0.70 0.78 0.86 0.94 1.03 

TOTAL 7.42 9.43 10.77 12.11 13.35 

B. 	 Domestic Wastewater
 
Collection Zone Flow (million litres per day)


1995 2000 2005 2010 I 2020 
A Sahalnawt 0.00 0.00 0.64 2.97 3.74 
B 	 Dhariz 0.61 1.00 1.230.87 1.10 

C Saada 1.23 1.37 
 2.49 3.35 4.84 
D City East 2.35 2.83 3.16 3.42 6.66 
E City West 4.81 5.90 7.64 8.95 10.27 
F 	 Raysut 0.57 1.11 1.20 1.76 2.54 

TOTAL 9.57 12.07 16.13 21.57 29.28 

C. 	Total Wastewater 
Collection Zone Flow (million litres per day)
 

1995 2000 2010
2005 2020
A 	 A Sahalnawt 0.35 0.39 3.441.07 	 4.26 
B 	 B Dhariz 1.12 1.46 1.67 1.84 2.04 
C C Saada 1.74 1.92 3.07 3.98 5.52 
D D City East 3.62 4.24 4.71 5.12 8.63 
E E City West 8.89 11.61 14.32 16.59 18.60 
F F Raysut 1.27 1.89 2.06 2.70 3.57 

1 16.99 21.50 26.90 33.67 42.62 

A.41
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APPENDIX B 

AGRICULTURAL WATER USE 

B.A Introduction 

The communities of the Salalah Plain have always relied upon groundwater for potablesupply, livestock watering and irrigation. The ancient city of Balid had a number of hand
dug wells to cater for the needs of the people, and evidence for old falaj and irrigation
systems can be seen in areas of the plain close to the springs at the foot of the Jebel.
Although there are no records indicating when large-scale irrigation of agriculture along thecoastal strip at Salalah began, it is probable that these traditional areas have been using
shallow groundwater for many hundreds of years. 

During the last 20 years there has been a rapid escalation in irrigation developments on the
Salalah Plain. The traditional irrigation areas have been intensively developed, with allavailable land being cropped and often double-cropped. Large fan-ns have been developedin the centre of the plain. Properties such as Sun Farms at Garsiz initially grew vegetab!es,
but as the demand for livestock feed grew these farms began to produce fodder, principally
rhodes grass. 

As agriculture has grown, so has the demand for suitable water supplies. Agriculture is now the largest consumer of water on the plain, although the demand for potable supply isgrowing at a more rapid rate. The Salalah Water and Wastewater Masterplan must address
agricultural water needs because agriculture and potable requirements represent competingdemands for the same finite resource. As new agricultural enterprises such as large
coconut farms are contemplated for the plain, the limitations imposed by water supply must 
be recognised. 

This section describes the extent of agricultural activity on the plain today and the projected
changes which may occur over the next 20 years. Estimates of crop water use and
livestock water needs are also described. 

B.2 Existing Agriculture 

B.2.1 	 Agricultural Water Supply Systems 

There are three categories of water use in Salalah: 

o Agriculture by small scale farmers, Government and commercial enterprises; 

o 	 Non-agricultural public and private sector use as follows: 

o 	 Amenity areas comprising lawns, trees, flowers and shrubs in public areas and 
along roads; 

" 	 Domestic gardens, lawns, flowers, trees and shrubs around private houses. This 
category inclacies small areas of vegetables as well as small olantations of bananas,
citrus, papaya and coconut. 

An inventory of agricultural and amenity use, including locations, areas supplied, crops,
and source of water supply is presented as Figure B. 1. Figure B. I shows the areas ofagricultural water use and the major farms. Domestic use of water on vegetation accounts
for a portion of the water demands on the potable distribution system, as discussed in 
Appendix A. 
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B.2.1.1 Dhofar Cattle Feed Company 

This enterprise was set up in the early 1970's. It is a commercial company and its main 
function is to supply milk. Production ranges from 12,000 to 16,000 litres per day which 
is mostly consumed by Salalah residents. Some 1,000 litres per day are sent to Muscat. 
The enterprise consists of two farms which grow fodder (rhodes grass) to feed the resident 
herd of 3000 cows and calves (980 milking cows). Fodder is also sold in large quantities 
to other local livestock owners particularly the Jebali. The area of the farms are: 

Garsiz (developed 1973/74) fodder 360 ha 
Sahalnawt (developed 1982) fodder 260 ha 

bananas 8 ha 

The water supply to Garsiz is from 15 wells with an average yield of 35 L/s. Irrigation is 
undertaken by travelling spray guns (Dolphins and Tourains) and centre pivots and is 
mainly in the evening and at night between 4 pm and 7 am to avoid high -vaporation losses 
during the day time. 

At Sahalnawt the main source of supply is from Sahalnawt Spring (EC 650 
microsiemens/cm) conveyed by pipeline and a recently constructed falaj. The supply is 
augmented by two wells with an EC of 900 microsiemens/cm (45 L/s, 23 L/s) and 4 saline 
wells (EC 5000 microsiemens/cm, one well of 15 L/s and the three others of 34 L/s). The 
well water is fed into the falaj system providing an acceptable dilution. At no time are the 
saline wells used directly for irrigation. Fodder is irrigated by centre pivot and raingun, 
and bananas by flood irrigation. Due to constraints on flows available from the falaj, some 
200 ha are irrigated at night and the balance of 60 ha during day time. 

B.2.1.2 Razat Royal Farm 

The total area comprises some 360 ha of which some 286 ha is under mixed cultivation. 
The farm's main function is to provide a wide range of produce to the Royal establishments 
in Salalah and elsewhere in Oman. Apart from the grown crops as listed below, the farm 
has a dairy herd for milk supply, consisting of 300 Jersey cows (160 milking) and a 
poultry unit (3000 birds). 

Fodder (rhodes grass) 100 ha
 
Coconuts 80 ha
 
Grapes I I ha
 
Fruit trees, including banana, papaya,
 
fig, bread fruit, citrus 15 ha
 
Vegetables 10 ha
 
Amenity and miscellaneous 70 ha
 

The water supply is primarily from Arzat Spring and is conveyed by falaj which also 
serves Mamoorah Palace, causing variable flow upstream of Razat. Razat farm has 
therefore had to provide night storage to enable daytime irrigation to be undertaken over a 
period of 14 hours. There are two saline wells (EC 8000 microsiemens/cm) which are 
used exclusively for the coconut plantation but are always mixed with falaj water. 
Irrigation is undertaken using a wide range of methods: drip and mini sprinklers for 
amenity areas, drip for vegetables, grapes and tree crops, surface flood for coconut and 
rainguns for fodder. 

B.2.1.3 Ministry of Agriculture and Fisheries Farms 

There are four enterprises at Salalah consisting of: 

0 	 Balid Farm. This is a 12 ha unit under rhodes grass and is irrigated by hand
moved sprinklers during daytime. The water supply is abstracted from Khor Balid 
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and the farm has been in operation for 15 years. At present the quality of the water 
is around 3,000 microsiemens/cm. 

o 	 Agricultural Research. Surrounding the MAF headquarters is an agricultural
research farm consisting of a gross 65 ha. The wide range of crops under 
research at present consists of some 42 ha, including: 

Coconut 12 ha 
Fodder and various grain crops 10 ha 
Fruit trees 5 ha 
Papaya 
 4ha
 
Forest nursery and trees 8 ha 
Nursery and vegetables 	 3 ha 

Several irrigation methods are in use including flood, sprinkler and drip. Supplies
are provided by pumping for 5 to 7 hours per day from 3 wells of 17 to 26 L/s
capacity. 

o 	 Coconut Plantation. On each side of the airport road is a 48 ha coconut plantation
planted in 1990 to which waier is provided by pumping from two wells of 30 L/s
each.
 

" 	 Livestock Research Irrigation Farm. The farm is situated adjacent to the Dhofar 
Cattle Feed farm and has a total irrigable area of 153 ha of which only 121 ha are
irrigated. The water supply is from Ain Garsiz and conveyed by falaj into a
holding reservoir. Three tubewells (of EC below 1,000 microsiemens/cm)
augment the falaj supply and their flow is pumped into the holding reservoir. 
Irrigation is by three pressurised centre pivot systems. 

B.2.1.4 Royal Farms and Palaces 

The Royal Palaces and Farms are widely distributed throughout Salalah. Areas under
irrigation include both agricultural and amenity plantings. In the agricultural areas, a vide
variety of crops is grown which include: bananas, papaya, coconuts, citrus, avocado and
other fruit trees, fodder crops and mixed vegetables. The amenity areas consist of
landscape gardens and expansive lawns. The agricultural and amenity areas are listed 
below. 

Amenity Farm 
(ha) (ha) 

Robat Palace 	 16.0 16 
Mamoorah Palace 38 
Garage Farm 	 1.0 12 
Bir Bint Ahmed 6 
Ain Hamran 4 
Shir Maustahil 8 
Ain Royal Garden 2.5 
Al Husn Palace 1.0 
Diwan Office 2.5 
Family Farm 9 

23.0 	 83 

The water supglies range from wells within the properties, Salalah water supply, reuse of
treated effluent and the Ain Ar-at supply to Mamoorah Palace. 
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B.2.1.5 Small Scale Farmers 

There are some 1,060 small scale farmers within Salalah with holdings ranging from I to 5 
ha. Typically the average size is approximately 1.5 ha. The total cultivated area is 
approximately 1280 ha based on data from MAF and Atkins (1989). The principal crops 
are: 

Fodder 223 ha 
Banana 300 ha
 
Coconut 425 ha
 
Papaya 28 ha
 
Citrus 100 ha
 
Vegetables including cabbage,
 
pepper, cucumber, tomatoes,
 
watermelon, squash, eggplant etc. 201 ha
 

Double cropping of vegetables is widely practised. A survey of the farms is at present 
being undertaken by MAF. The small scale farmers obtain their water supplies by pumping
from shallow wells on their farms using both diesel and electric pumps. There is now a 
strong tendency to convert from diesel to electricity because the monthly pumping charges 
using electricity tend to be about 30 percent of the cost of diesel. The water table is 
generally about 3 m - 4 m below ground level. In the central areas the water quality is 
good (EC below 1,000 microsiemens/cm) whereas the quality of the water in wells to the 
east and west of Salalah becomes increasingly saline (EC greater than 2,000 
microsiemens/cm). Some 40 percent of farms share wells, with a maximum number of 3 
farms per well. 

From a pump house water is typically fed into a brick lined channel with offtakes to 
individual plots for flood irrigation of crops. Bananas are irrigated using basins and 
border strip whereas vegetables are irrigated by furrow. There are a few farms which have 
adopted improved technology using sprinklers and drip inigation. 

B.2.1.6 Municipal Amenity Areas 

Amenity areas maintained by Dhofar Municipality include lawns, shrubs, flowers and trees 
alongside roads, roundabouts and public playgrounds. There are a total of 35,000 trees 
and shrubs and the area of lawns amounts to some 32 ha. Water supplies are obtained 
from 15 wells, from the Salalah water supply and from tankers. 

B.2.1.7 Domestic Garden Areas 

Within residential areas there are numerous private garden areas consisting of lawns, trees, 
flowers and shrubs and small vegetable plots. Many households use the potable water 
supply for their gardens, while others have private wells. The number of private wells is 
unknown at present, but all wells are to be inventoried in an upcoming project of the 
Ministry of Water Resources. 

B.2.2 Crop Areas 

The extent of irrigated agriculture around Salalah is shown in Figure B.1. The total gross 
agricultural area is estimated by MAF to be 3,014 hectares, and the cultivated area is 
estimated at 2,525 hectares. These data were checked using March 1990 colour aerial 
photography of the plain. The estimated cultivated areas are given in Table B.1, and 
estimates of total cultivated area for each crop are plotted in Figure B.2. The total 
agricultural area of 2,766 hectares agrees well with the MAF figures. The p incipal crops 
of the Salalah Plain are fodder, coconuts and bananas. 

B-4 



MAI: 
- / 

, / .K 

RESEARCH FARM SAIIA, NAWT 

\ 1 

I •o 

_......L PROPOSLU 
COCONUT PLANI'AI IN 

N 

0 1 2 3 .4 5 Ku, 

DAMES & MOOREI CDM 

WATER SUPPLY AND WASI EWA rLk 
MASTEIPLAN FOR SALAI All 

A;RICULUIRL:CAL ARF.\S 

!FIGURE BiI 



TABLE B.1 Residential and Agricultural Areas in Salalah* 

District Residential Agricultural Total Area, 
ID Area, ha Area, ha ha 
1 Al Qoaf 33.8 2.5 64.0 
2 Al Zawiah 36.0 3.1 40.0 
3 East Salalah 27.0 11.0 43.0 
4 Al Haafa 60.0 256.1 368.0 
5 Town Center 5.4 0.0 98.0 
6 Central Salalah 48.3 35.5 88.0 
7 Al Hasan 7.1 2.6 45.0 
8 New Salalah 132.1 0.0 215.0 
9 West Salalah 95.2 124.7 221.0 
11 Al Wadi 77.0 95.3 259.0 
12 Al Salam 18.5 45.9 96.0 
13 Al Qantara 26.0 0.0 26.0 
14 Arzat 347.2 
15 Mamura 28.0 
16+17 Sahalnawt North+South 261.6 
18 Saada North 206.0 0.0 300.0 
19 Saada South 262.0 100.6 926.0 
20 Dhariz North 77.3 230.8 532.0 
21 Dhariz South 56.4 165.7 638.0 
23 Farms 514.7 0.0 
24 Robat 134.9 0.0 
25 Al Baleed 128.5 0.0 
26 Al Haseelah 90.0 95.1 255.0 
27 West of Airport 0.0 0.0 0.0 
28 New Industrial Area 0.0 0.0 0.0 
29 Al Awqad 106.0 169.6 106.0 
30 Al Awqad North 183.0 12.5 183.0 

TOTALS 1,547.1 2,765.9 4,503.0
*Note: Areas measured from March 1990 colour aerial photos 
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Data on cultivated areas and crop areas are difficult to assess, as there are many cropping 
systems (multiple, relay and double cropping) in the small farm sector. No information 
exists on cropping intensity. Also, the land areas have been changing as both new land is 
developed and urban encroachment removes existing farm land. 

Among the large farms, not all designated agricultural land is actually cultivated. Both 
MAF and the Royal Farms have some uncultivated areas. The current FAO soil survey is 
preparing detailed land use maps of both large and small farms, and when available these 
may provide more accurate data both on agricultural land areas and crop areas. Table B.2 
shows a summary of estimated existing agricultural areas as determined by MAF. 

Over the past five years agricultural areas have expanded rapidly. The sanall farm area has 
expanded from 1,436 hectares to 1,681 hectares, but further expansion is constrained by 
the growing demand for residential land. Similarly, the Dhofar Cattle Feed Company at its 
farms at Garsiz and Sahalnawt has expanded fodder production from 430 hectares to 628 
hectares. 

TABLE B.2 Existing Gross Agricultural Land Area 

a) 	 Large Farms 

Dhofar Cattle Feed 
Company: Garsiz 

Sahalnawt 

Sub Total 

Royal Farms: Razat 

Robat, Bir Bint Ahmed, 
Garage, Shir Mustahil, 
Mamoorah Palace, etc. 

Ministry of Agriculture: 
Livestock Research 
Agricultural Research 
Coconut Plantation 

Sub Total MAF 

Sub Total Large Farms 

b) 	 Small Farms: 
Salalah 
Hafah & Kharadh 
Dhariz 
Awqad 

SubTotal 

Taqah 

Sub Total Small Farms 

TOTAL 

Feddans Hectares 

857 360 
638 268 

1,495 628 

857 360 

188 79 

364 153 
155 65 
114 48 

633 266 

3,173 1,333 

716 301 
1,118 470 
1,450 609 
560 235 

3,844 1,615 

156 66 

4,000 1,681 

7,173 3,014 
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B.2.3 Potential Evapotranspiration 

The most important parameter required to evaluate crop water requirements is potential
evapotranspiration (ETo). ETo can be calculated by several methods such as Penman, 
Blaney & Criddle Radiation, Class A Pan and others. The most reliable and widespread
method used throughout the world is the Penman calculation which takes into account 
temperature, relative humidity, altitude, latitude, wind and sunlight. 

To date the only detailed calculations of ETo based on Penman have been made by Arthur 
D. Little f1Q82). Mott MacDonald (1990) refer to the use of Penman for ETo but do not 
provide i. Lhly data. Other studies carried out by Atkins (1989) and Taylor (1985) use 
Piche evaporation data (monitored at Salalah Airport) to represent ETo. 

A comparison between the Penman derived ETo values of Arthur D. Little (1982) and the 
average Piche evaporation values for the period 1979 to 1989 is given in Table B.3. 

TABLE B.3 Evapotranspiration (ETo) mm 

ETo by Penman Method
 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
 

mm/ 199 196 246 238 262 221 115 106 146 193 192 197 2311
 
mth. 
mm/ 6.4 6.9 7.9 7.9 8.5 7.4 3.7 3.4 4.9 6.3 6.4 6.4 
day
 
Piche Evaporation 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
mm/ 11.3 9.4 8.0 6.9 5.5 5.1 2.5 1.9 4.0 6.2 9.8 10.8 2474 
day 

Although the annual totals of Penman and Piche are not dissimilar, it can be seen that Piche 
is almost double Penman in December and January and is much lower than Penman during
the monsoon months of June, July and August. The reason for this is that Piche reflects 
evaporation only and does not reflect the parameters required for plant growth which are 
encompassed in the Penman equation. 

In the absence of any additional reliable data it is suggested that ETo by the Penman method 
be adopted in this study for the calculation of crop water requirements. It must be stressed 
that the calculations of agricultural water consumption will be totally governed by the 
adopted values of ETo, and since agriculture is the largest consumer of water on the plain,
further refinement of this parameter should be undertaken. 

A recent detailed study of agriculture and land use has been carried out on the Salalah Plain 
by FAO as part of the Soil Survey Project. Although the results of this study have not yet
been reported, calculated evapotranspiration rates have been given to the Consultants by the 
FAO Team Leader, Dr. Souir.ii, during the review period of the Draft Final Masterplan.
These values are lower than the ETo estimates of Little, and therefore the implications of a 
reduced crop water requirement needs to be examined. 

B.2.4 Agricultural Soils 

The soils of the area were mapped and classified by Taylor (1985) and by Atkins (1984)
for the MAF Livestock Research Farm. FAO are at present undertaking a study of the soils 
and agricultural land use in the Salalah Plain and their report is scheduled for presentation 
in December 1991. 
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Basically the soils are recognised as Calcaric Yermosols consisting of sandy loams and 
!oamy sanjds. Depths are generally in excess of one metre but in some areas there are hard 
pan lenses giving rise to much shallower depths. Classification for irrigation is generally
Class 2 and 3 based on the USBR standards. The soils are lacking in nutrients which 
have to be provided by fertilisers and manure and in many small areas good soil has been 
transported from jebel areas. 

Water hcl1ing capacities are generally low, typically 40 to 80 mm/m which means that
irrigation has to be undertaken frequently, generally every 2 days for most crops. 

B.2.5 Crop Water Requirements 

The calculation Lf the water requirements for each of the crops grown in Salalah has been
estimated based on Penman (ETo) and the appropriate crop factor (Kc). Values of Kc 
have been adapted from MAF data as well as those quoted by FAO (1984). The water 
requirements have been calculated on a monthly basis. Table B.4 gives the total water
requirements for each crop together with estimates quoted in other recent reports. The crop
water requirement (ETcr) is calculated by: 

ETcr = Kc x ETo 

In the case of the fodder crop (rhodes grass) where there are 10-13 cuttings per year Kc
values will vary between 0.4 and 1.1 between cuttings. However it is normally acceptable 
to adopt an overall average Kc over the year. This has been taken as 0.85. 

TABLE B.4 Estimates of Crop Water Requirements (m3 /ha/yr) 

Crop Cropping Crop Factor ETcr ETcr D & M 
Season (Kc) MMP 1989 Little 1985 1991 

Fodder-rhodes 
grass (10-12 Annual av 0.85 17933 - 19640 
cuttings/annum)
Alfalfa Annual av 0.85 16780 24326 19640
Banana Annual av 0.90 17930 - 20800 
Coconut Annual av 0.80 16140 18480
Papaya Annual av 0.60 - - 13870 
Citus Annual av 0.60 - - 13870
Tomatoes Jan-May 0.25-0.80 6600 7411 6930 
Watermelon and Feb-Jun 0.40-1.05 6600 9642 9860 
Sweet Melon 
Cabbage Aug-Nov 0.40-1.0 6600 - 6050
Peppers Jun-Oct 0.40-1.0 6600 - 5610 
Cucumber Feb-May 0.3-0.95 6600 - 6410
Egg Plant Feb-Jun 0.4-1.05 - - 7680 
Squash Sep-Jan 0.2-1.0 - 5920 
Vineyards Annual av 0.5  11560 

Masterplan estimates of future water consumption for agriculture are derived from these 
crop water requirements. They may be different from estimates of current consumption,
although as noted below excessive water application occurs in the small farm sector. The 
MAF Livestock Research Farm is the only agricultural enterprise whose estimates of actual 
water consumption appear to indicate sub opimal application for plant growth. 

B.2.6 Irrigation Efficiencies 

Of importance in the determination of the overall water balance is the quantity of water lost 
to the system through plant absorption, evapotranspiration and surface water evaporation. 
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The evaporation losses are determined to a large extent by the efficiency of the irrigation 

methods. Estimates of efficiency for each irrigation method are given below. 

Overhead Irrigation 

In overhead irrigation methods the losses mainly occur between the nozzle and the groundin the form of evaporation. The efficiencies of various overhead irrigation methods are 
given in Table B.5. 

TABLE B.5 Overhead Irrigation Efficiencies 
Type Overall Evaporation Return to Adopted 

Efficiency % Loss % Aquifer % Efficiency %Raingun 75 20 5 80Centre Pivot 80 15 5 85
Handmove Sprinklers 75 20 
 5 80Rollrmove 75 20 5 80Linear Move 80 15 5 85 

Surface Irrigation (border strip, basin and furrow) 

Efficiency estimates have been made in previous reports: 

Hydroconsult (1985) Traditional surface 45% 
Traditional lined distributory 65% 

Arthur Littie !982) Traditional surface 40% 

During this study several field observations of surface ilTigation practices have been madewhich have permitted preliminary calculations of evaporation losses and return flows to the 
aquifer. 

In the majority of cases the small scale farms have lined channels between the pump at thewell and the land to be irrigated. Offtakes are constructed at appropriate locations along thelined channels. A realistic overall efficiency in the order of 60 percent is consideredappropriate. In these small scale farms where surface methods are almost exclusively used,the water table is about 3 to 4 m below the surface. It is apparent that excess irrigationwater in the soils quickly finds its way back to the aquifer as the soils have goodpercolation characteristics and the only true loss to the system is evaporation from standingwater. In the case of flood irrigation of bananas, efficiencies were calculated using 50percent of monthly Piche evaporation figures to allow for shade from trees and protection
from wind and a calculated 37 percent exposure time (time for open surface water exposedfor evaporation). The results of the cal'ulations are shown in Table B.6. From the tablethe adopted effective efficiency is calculated to be 82 percent on average with 18 percentloss from evaporation and 22 percent return to the aquifer. A survey was conducted on 29small farm properties in Salalah and Taqah to determine water use and irrigation
efficiencies. The data are provided in Appendix N. 

The survey clearly indicated the in-efficiency of current irrigation practices in the small farmsector. The average irrigation efficiency was found to be 25 percent. Although the practiceof overpumping may induce greater losses from the aquifer through evaporation, thepractice is most deleterious to the farmer who is spending money pumping four times as 
much water as he needs to. 
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TABLE B.6 Flood Irrigation Efficiencies 

Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Bananas ETcr 
Overall efficiency

of application 60% 

Surplus applied 

Evaporation loss 

Returned to aquifer 

(mr) 

(mm) 

(mm) 

(mm) 

(mm) 

179.2 

298.6 

119.4 

65.0 

54.4 

175.0 

291.7 

116.7 

48.8 

67.9 

221.7 

369.5 

147.8 

45.9 

101.9 

214.2 

357.0 

142.8 

38.3 

104.5 

235.9 

393.2 

157.3 

31.9 

125.4 

198.9 

331.5 

132.6 

28.4 

104.2 

103.5 

172.5 

69.0 

14.2 

54.8 

95.5 

159.2 

63.7 

11.0 

52.7 

131.4 

219.0 

87.6 

22.3 

65.3 

173.9 

289.8 

115.9 

35.5 

80.4 

172.8 

288.0 

115.2 

54.3 

60.9 

177.3 

295.5 

118.2 

62.0 

56.2 

2079.3 

3465.5 

1386.2 

457.6 

928.6 

Effective efficiet'cy 
by including only

evaporation loss (Pct) 73% 78% 83% 85% 88% 87% 88% 89% 85% 83% 76% 74% 82% 



Drip Irrigation 

Efficiencies generally are 85-90% and there is little scope for improvement. However 
small wastage can be attributable to ieaky drippers. Evaporation losses have been taken to 
be 10 to 15 percent, implying no infiltration loss. 

B.2.7 	 Agricultural Water Consumption 

The crop water requirements listed in Table B.4 together with evapoiation losses estimated 
in the previous section constitute net crop water consumption, which is the same as the net 
abstraction from the aquifer. Gross crop water consumption includes water which returns 
to the aquifer and which can be re-used. Net crop water consumption estimates for existing
agriculture are derived from total areas under each crop and are shown in Table B.7. For 
vegetables it is estimated that the cropping intensity is 150 percent. 

The Salalah Municipality has developed extensive amenity areas throughout the urban area. 
The irrigation of lawns and flowers is undertaken by mini sprinkler whereas trees and 
shrubs are fed by a drip system. Where there are no buried pipelines, trees and shrubs are 
fed by water tanker. The standard irrigation scheduling is as follows: 

Trees/shrubs by drip: 	 19 L/tree/day normally irrigated 2 times per week. During 
monsoon 6 L/tree/day and irrigated every 10 days. Trees are 
spaced 7.5 m x 7.5 m in Salalah and 10.0 m x 10.0 m 
outside the urban limits. 

Lawns / flowers: 	 Sprinklers on 11 m x II m grid delivering 13 L/m for one 
hour per day i.e. 64.4 m3 /ha/day. During monsoon this will 
decrease to approximately 20.0 m3 /ha/day ie. irrigation 
would be for one hour every 3 days. 

The estimated water consumption for amenity areas is included in Table B.7. 

Estimates of future consumption for agriculture can be '.cmpared with estimates of current 
consumption made by others. These comparisons are given in rable B.8. 

Some comments on the above consumption figures are needed: 

o 	 The Dhofar Cattle Feed estimation of 11.67 Mcm/yr is based on 6 mm application 
per day for 10 months of the year and 3 mm/day during the 2 monsoon months. 
The 8.82 Mcm/yr cannot be taken as a true measurement because rated pump
capacities can be highly variable; and 

o 	 The MAF Livestock Research Station has estimated actual consumption of the three 
centre pivot systems at 1.84 Mcm/year. This is significantly less than the design
capacity of 3.13 Mcm/year and reflects different production objectives than those of 
the Dhofar Cattle Feed Company and the small scale farmers. Eighty Feddans 
(33.6 ha) of irrigable land is currently not irrigated and is unlikely to be brought
under full irrigation. A higher allowance is made for areas being harvested,
replanted, etc. Nevertheless, the low actual consumption figure indicates 
suboptimal water application for plant growth. For the Masterplan, it is assumed 
that water application will be increased to meet full crop water requirements, and net 
crop water consumption would increase to 2.26 Mcm/year. 
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TABLE B.7 iatlmated Net Crop Water Consumption In 1990 

Farm Name Crop Net rop Water Requirement Evaporation Net Crop 
Area Loss Water 

ha 
y 

cu.m/ha/,r 
MConsumption 
Mcm/y" Mcm/yr Mcm/yr 

Dhofar Cattle Feed Co. 
Garsiz Fodder (rhodes) 324 19.640 6.36 1.19 7.55 
Sahalnwt Fodder 234 19,640 4.60 0.86 5.46 

Banana 8 20,800 0.17 0.05 0.22 

MAF livestock Res. Fodder 97 a -19,640 **0 1.55 *** 0.29 aa. 1.84 

MAFBalid Fodder 12 19,640 0.24 0.06 0.30 

MAF Agri. Research Coconut 
Fodder &varia. 

12 
10 

18,480 
19,640 

0.22 
0.20 

0.06 
0.05 

0.28 
0.25 

Fruit trees 5 13,870 0.07 0.02 0.09 
Papaya 4 13.870 0.06 0.02 0.08 
Forest trees 8 13,870 0.11 0.03 0.14 
Nuts. &Veg. 3 6.800 0.02 0.01 0.03 

MAP Coconut Plant. Coconut 48 18,480 0.89 0.17 1.06 

Razat Farm Fodder 100 19,640 1.96 0.52 248 
Coconuts 80 18,480 1.48 0.44 1.92 
Grapes 
Fruit trees 

11 
15 

11,560 
13,870 

0.13 
0.21 

0.02 
0.04 

0.15 
0.25 

Vegetables 10 6,800 0.07 0.01 0.08 
Miscellaneous 50 13,870 0.69 0.18 0.87 
Amenity 20 19.640 0.39 0.10 0.49 

Royal Farms: Robat, 
Bir Bint Aluned, 
Garage Farm, 
Marmurah, 
Shir Mustahi], 
9 Fanily Farms 

) 
) 
) 
) 
) 

79 19,640 1.55 O.41 1.96 

Small Scale Farmers Fodder 223 19,640 4.38 1.31 5.69 
Banana 300 20,800 6.24 1.87 8.11 
Coconut 425 18,480 7.85 2.36 10.21 
Papaya 28 13,870 0.39 0.12 0.51 
Lime/Citrus 100 13,870 1.39 042 1.81 
Cabbage 
Chili 

24 
32 

6,050 
5,610 

** 
** 

0.23 
0.27 

0.07 
0.08 

0.30 
0.35 

Cucumber 14 6,410 *. 0.14 0.04 0.18 
Tomatoes 48 6,930 * 0.50 0.15 0.65 
Egg Plant 19 7,680 a. 0.23 0.07 0.30 
Squash 19 5,920 * 0.17 0.05 0.27 
Water Melon 20 9,860 * 0.30 0.09 0.39 
C&uliflower 25 6,050 * 0.23 0.07 0.30 

Municipality Amenity 0.78 0.15 0.93 

Royal Palaces Amenity 0.18 0.03 0.21 

TOTAL 2,407 44.25 11.41 55.66 

* 	 90% of area of D.C.F.C. Farms to allow for 10% under harvest at any one time, and 
80%of irrigated area of MAF Livestock Research Farms 

* 150% cropping intensity for vegetables
•** Actual consumption 
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TABLE B.8 Estimates of Future and Current Agricultural 
Consumption (Mcm/yr) 

Farm Estimated Future Reported current
 
Gross consumption
 

Consumption Mcm/yr
Mcm/yr
 
Dhofar Cattle Feed Co. 
 13.99 11.67 estimation only, 8.82 based 

on hours and rated pump capacities 
MAF Livestock Research 2.38 3.13 MAF design 

1.84 actual consumption 

B.3 Livestock 

B.3.1 Livestock Production Systems 

Three separate livestock production systems are undertaken in the Salalah Plain and in the
Jebel Al Qara. The principal one is the traditional raising of cattle, camels, and goats byJebali livestock owners. This used to rely on the natural pasture of the Jebel Al Qara and 
the Jerbeeb covering about 5,500 km 2 . It was largely a subsistence system providing foodto the pastoralists from the limited pastoral resource. Growth in production was severely
constrained by scarce water supplies. 

The construction of numerous boreholes throughout the region has given rise to an enormous growth in stock numbers which has seriously depleted the natural pasture. Mostlivestock are now dependent on purchased fodder for more than half the year, and
commercially produced fodder, especially rhodes grass, has become the most importantcomponent supporting the system. The Jebali livestock owners purchase their fodder eitherfrom the Dhofar Cattle Feed Company, when it is available, or from traders who bring

more costly fodder either from northern Oman, or from other Gulf states. 
 The cattle inparticular, are especially dependent on purchased fodder, and the relatively low production
of milk and meat does not cover its cost. Most livestock owners incur a net financial loss
 on their cattle. No data exist on overall quantities of fodder purchased.
 

Cun'ent estimates of stock numbers vary widely and MAF recognise the unreliability ofpresent estimates. Cattle numbers are in the range 100,00 to 200,000, camels between
30,000 and 60,000 though these may include some in the Nejd, and goats about iOO,000. 

The second livestock production system is by comparison fairly small. Some of the smallprivate firms within Salalah maintain a few cows to meet their milk requirements. The total numoer of cattle probably does not exceed 1,500. They are fed from rhodes grass or
alfalfa grown on farm, supplemented where necessary by purchase of fodder. 

The third system is modem commercial dairying currently undertaken by the Dhofar Cattle
Feed Company whose 3,000 friesian cows are entirely maintained on their production ofrhodes grass. The annual consumption of rhodes grass is about 5,000 metric tonnes.Razat Royal Farm also has a dairy with 300 Jersey cows, though only a part of its
production is sold commercially. It produces all its own fodder, both rhodes grass andmaize. A third dairy is the Dhofar Enterprises located on a farm in Dhariz with 500 friesian 
cows, but this dairy only produces 25 percent of its fodder which it grows on 13 smallfarms in Salalah. The remaining fodder is purchased from traders who bring it from the 
north. 
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B.3.2 	 Livestock Water Consumption 

The livestock sector requires water for three different purposes: 

o 	 Drinking 

o 	 Irrigating fodder crops 

o 	 Processing and industrial uses 

Most livestock in the Southern Region are maintained in the Jebel areas, and most cattle are 
on the Jebel Al Qara. Livestock water supply is derived principally from boreholes drilled 
in the Jebel and from springs. 

The daily intake of water for livestock varies according to: 

o 	 Size of animal 
o 	 Dry matter content of feed 
o 	 Ambient temperature 
o 	 Physiological state of the animal (in lactation or not) 
o 	 Breed (exotics drink more than indigenous stock due to fewer water conservation 

adaptations). 

Average daily intake figures are therefore highly variable. 

Recent estimates (Mott, MacDonald, 1990) of daily water intake are included in Table B.9. 
These estimates appear slightly low for local cattle, but for the sake of consistency and 
unless more reliable estimates can be made, they will be used in the Masterplan study. 

TABLE B.9 Annual Livestock Water Consumption 

Livestock Consumpt. Consumpt. 
Livestock Numbers Dily Annually

3 )(litres) (000 m

Goats 100,000 2 73 
Sheep 4,000 2 3 
Local Cattle 150,000 20 1,095 
Exotic Cattle 5,000 100 183 
Camels 30,000 70 767 
Donkeys 1,000 15 5 

Total 	 290,000 2,126 

Without knowing the exact geographical location of the livestock it is difficult to estimate 
how many of the Jebali livestock consume water from the Salalah aquifer. They are 
widely scattered and probably not more than three quarters rely on tie water supplies of the 
Salalah aquifer, the rest using water from springs and groundwater to the east of Ain Arzat 
and to the west of Ain Garsiz. All the exotic livestock are supplied from the Salalah 
aquifer. A rough estimate of total consumption from the Salalah aquifer is 1.64 million 
cubic metres per year. 

The second water requirement for livestock is for irrigating fodder crops, and estimates of 
water consumption have been calculated in Section B.2. Gross consumption of water for 
irrigation, including crop use and evaporation losses, but excluding any returns to the 
aquifer are summarised in Table B. 10. 
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The total annual estimate for water use for fodder production is 23.27 million cubic metres. 

The third water requirement for livestock is for processing and industrial uses. The main consumers are the modem dairies. The milking parlours at Garsiz and Sahalnawt and thedairy plant at Garsiz consume 90,000 cubic metres annually, according to a rough estimate
from Dhofar Cattle Feed Company. 

TABLE B.10 Present Estimated Water Use for Irrigating Fodder 

Net Crop Water Evaporation Crop Water
Area Requirement Loss Consumptionha Mcm Mcm Mcm 

Dhofar Cattle
 
Feed Co.
 
Garsiz 324 6.36 1.19 7.55
Sahalnawt 234 4.60 0.86 5.46 
MAF Livestock 
Research 97 1.55 0.29 1.84
Agricultural 10 0.20 0.05 0.25
 
Research
 
Razat Farm 100 1.96 0.52 2.48
Small Scale 223 4.38 1.31 5.69
 
Farms
 

Total 988 19.05 4.22 23.27 

The other dairy plants are much smaller and in total would not consume more than 20,000cubic metres annually. The slaughterhouse in Salalah consumes an estimated 16,000 cubic 
metres annually. Thus the total requirement for processing and industrial purposes is
estimated at 0.13 million cubic metres per year. 

A summary of total present water consumption for livestock is thus estimated as follows: 

Mcm per annum 

Drinking 1.64 
Fodder Production 23.27
 
Processing and
 
Industrial Uses 
 0.13 

Total 25.04 

B.4 Agricultural Projections 

B.4.1 Agricultural Development Factors 

Of the three physical resources required for agricultural development, land, water and
labour, both land and water are in very short supply. Although there are about 530 km 2 ofthe Jerbeeb so far unallocated apart from its seasonal use for grazing and recreation, mostof it has extremely poor soil and is totally unsuitable for agriculture. Water is also veryscarce, the abstraction of good quality water from the main Salalah aquifer exceeding its 
annual recharge. 
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By contrast farm labour which is principally supplied by expatriates, is readily available at 
reasonable cost, although there is a shortage of skilled farm managers able to operate the 
increasingly sophisticated irrigation equipment. 

Private sector agricultural development also requires financial viability. Small farmers are 
substantially assisted by Government which provides a wide range of subsidies, as part of 
its policies to promote economic diversification, food self sufficiency, and higher farm 
incomes. 

Agriculture on the Salalah Plain has to take account of the expanding town of Salalah. In 
future the land requirements for urban development will involve the conversion of some 
agricultural areas to urban areas. 

B.4.2 Future Agricultural Areas 

Because the limit of sustainable abstraction from the Salalah aquifer has already been 
reached, a moratorium has been placed on all new agricultural development on land which 
would require water from the aquifer. This effectively restricts MAF and the Dhofar Cattle 
Feed Company from expanding their cultivation above existing areas. It also prevents an 
expansion of area by the small private farmers in Salalah. 

However, both to the east and west of the Salalah aquifer where groundwater resources are 
mostly brackish, there is limited potential for salt tolerant crops. Taylor (1985) identified 
four areas considered to have potential for irrigated agriculture. One of these, the 40 
hectares of the MAF Livestock Research Station, has already been exploited. The other 
three lie outside the area served by the Salalah aquifer and are as follows: 

Wadi Darbat 135 hectares 
l-tamran Area 525 hectares 
Adawnib Camp Plateau 125 hectares 

None of these have been developed. The soils in the Adawnib area have been found to be 
too poor, and the Wadi Darbat area is subject to comolex tenure and social issues. The 
suitable area in Hamran was, according to Atkins (1989) reduced to 250 hectares as a result 
of soil excavation for urban landscaping. There isalso some potential for trickle irrigated 
fodder trees on the 7,200 hectares of the termite area of the Jerbeeb, although no one has 
attempted to exploit this. Equally, proposals to plant salt tolerant fodder trees, along the 
coastal strip to the east and west of Salalah, have not been implemented. 

The ongoing FAO Soil Survey should provide better information on soils and land 
capability. It will have access to areas which were inaccessible to the Taylor survey. More 
reliable information on suitable areas for agricultural development will be available when 
the survey is completed. 

MAF is presently investigating water availability and quality for the development of a 320 
hectare coconut plantation in the Hamran area. Depending on a satisfactory outcome of this 
investigation MAF is planning to establish the plantation. Apart from this there are no 
known plans for fur'her agricultural development on the Salalah Plain. Such development 
would, in any case, be restricted to areas not served by the Salalah aquifer and for which 
groundwater ismostly brackish. 

Within the area served by the Salalah aquifer a reduction of agricultural areas for 
conversion to urban use has been proposed in the Subregional Land Use Plans, Salalah 
Urban Development Brief (Atkins, 1991) which would affect the two farms of the Dhofar 
Cattle Feed Company. Sahalnawt Farm would be converted to small private farms. The 
Ministry of Housing has allocated 91 agricultural plots on that land, which would include 
one house per plot. Allowing 25 percent of the land for house construction, roads, 
irrigation layout and utilities would reduce the agricultural area from 268 hectares to 201 
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hectares. On Garsiz Farm the future situation is less clear. The Subregional Land UsePlans (Atkins, 1991) proposed a reduction in cultivated area of Il I hectares for conversionto urban use, and this has been approved by the Planning Committee for Development and
Environment in the Dhofar Governorate. But the future status of this land awaits
clarification, particularly via the revised Salalah Structure Plan. 

No change has been proposed relating to cultivated areas of either the Royal Farms or theMAF areas. Of the small farm areas in Salalah, 40 hectares in Dhariz would be totallyconverted from agricultural to urban use, and on a further 145 hectares in Dhariz, one
house could be built on each agricultural holding, again reducing agricultural areas by anestimated 25 percent. The small farms in Dhariz would be reduced by a total of 76hectares. Similarly, in Awqad on 190 hectares of agricultural land houses could also be
built thereby also reducing the area by 25 percent or 48 hectares. Thus a total of 191hectares of agricultural land would be lost to urban use or house and road construction,
plus the possible loss of I ll hectares from Garsiz Farm. 

Up to 2010 it has been assumed that 25 percent of agricultural land will be lost to 
production, but after 2010 the proportion of present agricultural land lost to housing mayincrease. 

If these proposed changes in agricultural area are implemented and if the coconut plantationis established on the Hamran area, then it is estimated that the gross agricultural area would
be 	3,032 hectares as shown in Table B.l1. This is an increase of 18 hectares in 2010 
above the present area. 

TABLE B.11 Possible Gross Agricultural Land Area in 2010 

Feddans Hectares 

a) 	 Large Farms 593 249
 
Dhofar Cattle Feed
 
Company: Garzeez
 

Royal Farms: Razat 857 	 360 

Robat, Bir Bint Ahmed, 188 79
 
Garage, Shir Mustahil,
 
Mamoorah, etc.
 

Ministry of Agriculture
Livestock Research 364 	 153
Agricultural Research 155 	 65Existing Coconut Plantation 	 114 48
New Coconut Plantation 762 320

Sub Total Large Farms 3,033 1,274
 

b) 	 Small Farms 
Sahalnawt 478 	 201
Salalah 716 	 301
Hafa and Kharadh 1,118 	 470
Dhariz 1,269 	 533
Awqad 445 	 187
Taq :h 156 66

Sub Total Small Farm 4,182 1,758

TOTAL 7,215 3,032 
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B.4.3 Future Agricultural Water Requirements 

Changes in gross agricultural areas will affect net water consumption for the crops grown. 
Predicted net water consumption from the net crop areas for the year 2010 have been 
computed and are given in Table B.12. 

Table B.12 Estimated Net Crop Water Consumption in 2010 

Name 	 Crop Net Crop Water Evapo. Crop 
Area Requirement Loss Water 

cum/ Mcm/ Mcm/yr Consum. 
ha/yr yr Mcm/yr 

Dhofar Cattle Feed Fodder 224* 19640 4.40 0.83 5.23 
Garsiz 
Small Farms Mixed 201 17480 3.51 1.05 4.34 
Sahalnawt 
MAF Livestock Res. Fodder 97* 19640 1.90 0.36 2.26 
MAF Balid Fodder 12 19640 0.24 0.06 0.30 
MAF Research Mixed 42 (av 0.68 0.18 0.86 

16190) 
MAF Coconut Coconut 48 18480 0.89 0.17 1.06 
Razat Farm 286 (av 4.93 1.33 6.26 

17240) 
Royal Farms 79 19640 1.55 0.41 1.96 
Small Scale Farmers 1153 (av 20.15 6.05 26.20 

17480) 
New Coconut 320 18480 5.91 1.77 7.68 
Plantation 

Subtotal 2462 44.96 12.36 57.32 
Amenity areas 
double consumption 1.56 0.42 1 98 
1991-2010 
Royal amenity areas 0.36 0.06 0.42 

TOTAL 2462 46.08 12.69 58.77 

* 	 90% of area of Garsiz Farm to allow for 10% under harvest at any one time, and 80% 
of irrigated area of MAF Livestock Research Farm. 

The estimated quantities above are based on efficiencies adopted for the 1990 estimates in 
Table B.7. However there is scope for improvements in water use. Any such 
improvement in efficiency brought about by either improved technology and/or 
management practices should be a part of the Salalah Masterplan. 

The very rapid development of the amenity areas throughout Salalah will probably slow 
down to allow consolidation and to achieve maturity. Future development will almost 
certainly occur but forecast plans for the next 20 years have not been prepared since there 
appears to be no long term planning of amenity planting developments. It has been 
assumed that water consumption in 2010 will be double that of 1990. 

B.4.4 Future Livestock Water Requirements 

There are two main factors affecting future water requirements for livestock in Salalah - the 
availability of land and the availability of water. Land requirements for livestock relate 
increasingly to the land required for fodder production. As the natural pasture on the Jebel 
Al Qara has been depleted so the dependence on purchased fodder has increased. At 
present the Jebali livestock owners are heavily dependent on hay purchases for between 6 
and 8 months of the year. The principal supplier of hay in the Salalah Plain is the Dhofar 
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Cattle Feed Company which provides between 5,000 and 10,000 tonnes of hay, but 
substantially larger quantities of hay are imported into the region from the north or from 
other Gulf states. A cattle population of 100,000 consuming an average of 2.5 kg of hay
(dry) per day for six months would require about 45,000 tonnes of hay annually,
substantially more than :he available supply from the Dhofar Cattle Feed Company farms. 

Any reduction in the fodder production areas in the Salalah Plain as indicated in the 
previous section would have the effect of increasing the demand for the more costly hay 
imported into the region. 

The long term future of the Jebali livestock system is the subject of considerable 
speculation. Present subsidy schemes to encourage the sale of female cow; and camels in 
particular are designed to promote destocking of the Jebel Al Qara. What impact they will 
have remains to be seen, and will largely be determined by the amount of subsidy funds 
available, how the subsidy is targeted and the need of the Jebalis to forego future cattle 
sales in favour of immediate cash. The policy is one measure designed to encourage the 
restoration of grass and tree cover to the Jebel Al Qara, and would have the additional 
benefit of increasing the recharge to the aquifer. There are additional programmes to plant
fodder trees in the Jebel, but with the present excessive overstocking and ii the absence of 
range management systems acceptable to the Jebalis, progress is slow. Reduction in 
overall stock numbers is more likely to follow from economic forces gradually obliging
livestock owners to abandon an economic activity which involves them in continuous 
financial outlays. But the older livestock owners are still attached to their livestock,
keeping them for an assortment of social and cultural reasons. The young Jebali people,
having benefitted from an education and many also having found employment in Salalah, 
are unlikely to engage in livestock keeping if it costs them money. 

Production of hay in the Nejd at competitive prices would contribute to maintaining the 
cattle, and it is unlikely that stock numbers would decline rapidly. If the proposed
reduction in the fodder areas of the Dhofar Cattle Feed Company occurs it would need 
either to produce its own hay in the Nejd, to purchase it from the north or to reduce its 
dairy herd to match its fodder production. 

The estimated water use for fodder production in 2010 could fall to 15.60 million cubic 
metres, and its share of total water use for agriculture would fall from 41 percent to 27 
percent, largely due to the proposed loss of Ill hectares from Garsiz farm and 268 
hectares from Sahalnawt farm, as shown in Table B.13. 

Table B.13 Estimated Possible Water Use for Irrigating Fodder in 2010 

Net Crop Water Evaporation Crop Water 
Area Requirement Loss Consumption 
ha Mcm Mcm Mcm 

Dhofar Cattle 
Feed Company 224 4.40 0.83 5.23 
Garsiz 
MAF Livestock 
Research 97 0.361.90 2.26 
MAF 
Agricultural 10 0.20 0.05 0.25 
Research 
Razat Farm 100 0.521.96 2.48 
Small Scale 211 4.14 1.24 5.38 
Farms 

TOTAL 642 3.0012.60 15.60 
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In comparison to the requirements for drinking and fodder production the processing and 
industrial use of water is almost insignificant. The water use for dairying would not alter 
appreciably, but the construction of the proposed new larger slaughterhouse could consume 
more water. Equally, implementation of a small tannery for hides and skins would require 
water but the quantities have not been specified in the Report on the Hides and Skins 
Collection and Marketing Project (G.R.M. International, July, 1987). 

It should be emphasised that the estimate of future water requirements for livestock is a 
very subjective assessment. The expansion of Salalah town to occupy existing fodder 
producing areas is a key determinant of future water use. It also assumes that the 
Government will not: 

a) 	 Provide input subsidies to reduce the losses currently incurred by the Jebali 
livestock owners; 

b) 	 Impose import taxes on meat and milk to make their domestic production financially 
viable. 

Finally, fodder production costs in the Nejd will exert a major influence on all livestock 

production systems in Salalah. 

B.5 The Economics of Water Use 

B.5.1 	 Role of Economic Analysis in Water Use Options 

The principal end uses of water in Salalah are for domestic supply and for agriculture. 
Whereas the costs and benefits of using water for agricultural purposes can, when the data 
are sufficiently reliable, be calculated such that the contribution of water to production cp.a 
be measured in economic terms, water used for domestic purposes cannot be evalu,,ted in 
the same manner. Provision of a potable water supply is normally regarded as tneeting a 
basic human need. The benefits are impossible to quantify since they include improved 
quality of life, improved health, increased production and increased employment. 

Mott MacDonald (1990) adopted the "willingness to pay approach" to evaluate the 
economic value of potable water. With this approach the economic value must be equal to 
or exceed the amount presently charged to consumers, namely 440 Baisas per cubic metre 
of water. This approach has the weakness that it does not impute a value for consuming 
finite physical resources, and is not based on long-term supply and demand. 

Economic, as opposed to financial, analysis is required to take account of distortions in the 
economy caused by fiscal measures and other imperfections in the market. Oman has a 
relatively open economy with few distortions, and following the methodology developed 
by Mott MacDonald, the only adjustments made to financial values in the present study are 
the inclusion of various subsidies paid by Government. 

Where water is a limiting resource lbr agricultural production, national policy indicates that 
economic returns per unit of water should be a major criterion in formulating agricultural, 
water and land use programmes. By indicating which crops, and other derived agricultural 
products, and which irrigation systems, use water most efficiently, the analysis of 
economic returns per cubic metre of water can indicate which crops and irrigation systems 
contribute most to national output. 
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To assess the efficiency with which crops use water, requires the preparation of crop
budgets. The principal crops in the small farm sector in Salalah are: 

Coconuts 
Bananas 
Limes 
Papaya 
Tomato 
Chilli Pepper 
Watermelon 
Sweet Melon 
Cucumber 
Squash 
Cabbage
 
Rhodes Grass
 
Alfalfa
 

In addition, meat, milk and manure are the final products of cultivated fodder crops such as 
rhodes grass and alfalfa. 

Crop budget data on most of the above crops are very scarce. Most MAF data on cropproduction are limited to estimates of yields, average production costs and net revenue,
without indicating the level of inputs and unit costs. Many agricultural and regionaldevelopment studies concerning the Southern Region have relied heavily on the Report on
Crop Enterprise Budgets, (Little, 1982), but this study, undertaken 9 years ago, based itsdata on six farms only and no indication was given as to whether they were a representative
sample. Furthermore, they provided crop budgets only for alfalfa, bananas and coconuts
in Salalah. Mott MacDonald (1990), mostly using data from MAF, estimated economic
returns to agricultural water use on the small farms in the Southern Region. The yield
estimate for bananas in this study appears unrealistically low and givzs rise to a netfinancial loss for their production, which does not correspond with the MAF data in Salalah 
nor with the present expansion of area planted to bananas. A yield of 28 tonnes per hectare 
has been chosen. 

B.5.2 Economic Returns to Agricultural Water Use 

Small Farm Sector 

Economic returns to agricultural water use have been estimated for the principal crops
produced on small farms in Salalah. Because of the lack of more reliable farm production
data, the results should be regarded as indicative only. However, they serve as anindication of the relative economic contribution of water to national output for each crop.
Water consumption estimates are based on crop water requirements plus evaporation
losses. The analysis is shown in Table B.14. 

With the exception of alfalfa, all crops achieve a positive economic value from water use.
The seven vegetable crops achieve the highest economic returns from water use averaging
197 Baisas per cubic metre, with tomatoes achieving the best results and watermelon theworst. The four fruit crops obtain lower economic returns from water use. Water use on
limes is economically marginal at only 14 Baisas per cubic melre, whereas papaya, bananasand coconut have economic returns to water use of between 47 and 77 Baisas per cubic 
metre. Of the two fodder crops only rhodes grass production represents an economic use
of water based on a farm gate price of 900 Baisa per 12 kg bale of hay. Alfalfa production
is not economically viable. 
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TABLE B.14 Economic Returns to Agricultural Water Use in Salalah 

Crop Yield Price Gross Total Net Water Net 
T/ha RO/r Return Costs Return Consu- Return to 

RO/ha RO/ha RO/ha mption Water 
m3/ha RO/m 3 

Tomato 29 180 5,220 1,760 3,460 9,013 0.384 
Chilli Pepper 9 360 3,420 1,254 2,166 7,277 0.298 
Water Melon 18 110 1,980 1,006 974 12,860 0.076 
Sweet Melon 13 190 2,470 1,066 1,404 12,860 0.109 
Cabbage 23 150 3,450 1,982 1,468 7,917 0.185 
Cucumber 15 280 4,200 2,470 1,730 8,315 0.208 
Squash 13 170 2,210 1,280 930 7,674 0.121 
Limes 11 200 2,200 1,949 251 18,100 0.014 
Papaya 25 120 3,000 1,606 1,394 18,100 0.077 
Banana 28 160 4,480 3,221 1,259 27,033 0.047 
Coconuts 16.7 160 2,672 1,018 1,654 24,024 0.069 
Alfalfa 25 90 2,250 2,869 -619 23,302 -0.027 
Rhodes Grass 50 75 3,750 2,541 1,209 23,302 0.052 

The gross economic contribution of water to the production of these principal crops is 
shown in Table B.15. 

TABLE B.15 Gross Economic Returns to Agricultural Water Use 
(Small Farm Sector) 

Area Gross Economic 
(ha) Returns '000 RO 

A. Vegetables 
1. 	Tomatoes 48 166 
2. 	 Chilli Pepper 32 69 
3. Cabbage 	 24 35
 
4. 	 Cucumber 14 24 
5. 	 Squash 19 18 
6. 	 Watermelon 13 13 
7. 	 Sweet Melon 7 10 

Subtotal 157 335 

B. Fruit Crops 
1.Coconuts 	 425 707 
2. 	 Bananas 300 381 
3. Papaya 	 28 39
 
4. 	 Limes 100 25 

Subtotal 853 1,152 

C. Fodder Crops 
1. 	Rhodes Grass 223 271 
2. 	 Alfalfa 

Subtotal 223 271 

TOTAL 	 1,233 1,758 
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The fruit crops achieve the highest overall economic benefits from water use on account of
the substantial area planted to coconuts and bananas. The area planted to alfalfa in Salalah
in 1990 has not been estimated, but it is believed to be fairly small. 

Large Farm Sector 

The large farm sector uses 25 million cubic metres annually compared to the consumption
of 29 million cubic metres on the small farm sector. The three categories of institutions in 
the large farm sector consume the estimated water volumes shown in Table B.16. 

TABLE B.16 Estimated Water Consumption--Large Farms 

Crop Water 
Requirement 

Evaporation Loss 
(Mcm) 

Crop Water 
Consumption 

Dhofar Cattle Feed Co. 
(Mcm) (Mcm) 

Garsiz 
Sahalnawt 
Subtotal 

6.36 
4.77 

11.13 

1.19 
0.91 
2.10 

7.55 
5.68 

13.23 

MAF Livestock Research 
Agricultural Research 
Coconut Plantation 
Subtotal 

1.55 
0.68 
0.89 
3.12 

0.29 
0.19 
0.17 
0.65 

1.84 
0.87 
1.06 
3.77 

Royal Farms, Razat and 4.93 1.31 6.24 
Mamoorah 
Robat, Bir Bint Ahmed, 1.09 0.27 1.36 
Garage 
Subtotal 6.02 1.58 7.60 

TOTAL 20.27 4.33 24.60 

The largest consumer of water is the Dhofar Cattle Feed Company which accounts for just
over half of the water consumed in the large farm sector, and 24 percent o? all agricultural 
water consumed. 

The farms of the Ministry of Agriculture are principally engaged in research, and although
water efficiency in agriculture is one of their research objectives, they have other 
production related-objectives and production data are not available with which to measure 
economic efficiency. Production data are also not available from the Royal Farms. 

B.5.3 Fodder Production and Water Conservation 

B.5.3.1 The Dhofar Cattle Feed Company Activities and Production 

The Dhofar Cattle Feed Company has three enterprises. It owns and manages the Cattle
Feed Mill at Raysut, and it manages two farms, Garsiz Farm and Sahalnawt Farm, on land 
leased from Government. At both farms fodder, principally rhodes grass, is produced and 
a dairy herd of Friesian cattle is maintained for milk production. Sahalnawt farm, which 
has 260 ha of irrigated fodder, 8 hectares of bananas, obtains its water partly from the
Sahalitawt spring and partly from brackish groundwater. It does not obtain any water from
the fresh water zone of the Salalah aquifer. Ministry of Housing proposals for the new 
Salalah Structure Plan involve the conversion of Sahalnawt Farm to 91 small agricultural
farms which could include one house per farm. Using Sahalnawt spring to augment the 
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water supply for Salalah would supplement the potable supply. For the analysis of water 
management alternatives, water used for fodder production at Garsiz Farm only has been 
assessed.
 

The Dhofar Cattle Feed Company, which is a commercial enterprise, is constrained by 
Ministry of Commerce and Industry regulations from making available sale, cost and 
production data from Garsiz and Sahalnawt Farms. Because of this restriction an estimate 
of the production of fodder and milk from Garsiz Farm and its viability has not been 
possible. Apart from information on water consumed, the Project Team has been 
specifically prohibited from obtaining any information on the operations of the Company 
affecting its fodder and milk production. The Tender Document requires that an economic 
analysis be undertaken of all options to increase the water s ipply. The prohibition on 
using Dhofar Cattle Feed Company data effectively preveats such an analysis being 
undertaken other than by utilisation of empirically derived data. 

In spite of the prohibition on obtaining Dhofar Cattle Feed Company data, there is 
sufficient information available on the livestock sector in general to allow some pertinent 
comments to be made. 

S 	 'The Dhofar Cattle Feed Company is the principal producer of fresh milk in Oman, 
which is still heavily dependent on milk imports. It therefore fulfills one of the 
Government's policy objectives of increasing national production of basic food 
supplies and reducing imports. However, in order to be financ'ally viable it must 
sell its milk at a premium price substantially higher than that of imported milk. 
There is only a limited market in Oman for this high priced fresh milk. Although
there are considerable seasonal fluctuations both in demand for fresh milk and in 
supply, there is now a surplus of fresh milk in the cool season, when demand is 
low and production high. 

" 	 The company, in addition to producing fodder for its own dairy herd, also sells 
hay, surplus to its own requirements, to Jebali livestock owners. The quantities are 
not known but are likely to exceed 5,000 tonnes per year. The Jebali are heavily 
dependent on purchased hay for their livestock, and in addition to Dhofar Cattle 
Feed Company hay sales, substantial quantities are also purchased from traders 
who transport hay from the north of Oman, and from United Arab Emirates and 
Saudi Arabia. Although hay production in UAE and Saudi Arabia is heavily
subsidised, the transport costs, about R0 0.500 per bale, provide considerable 
protection for the Dhofar Cattle Feed Company hay sales. 

o 	 The company also produces limited quantities of fresh meat from culling young
male stock and aged cows. As with its milk supplies, these also reduce the demand 
for imported meat, and as with milk, they are also sold at a premium price to the 
limited market of those willing to pay for fresh meat. 

o 	 The company is heavily dependent on expatriate labour, and there are few Omanis 
employed. 

o 	 The company is a publicly owned company, and pays substantial dividends to its 
shareholders. It is believed to generate substantial profits. 

" 	 The use of the land of Garsiz Farm for fodder production has restricted the 
expansion of Salalah city. Located within the city limits, it could be used for urban 
development. The Regional Development Plan proposed that 111 hectares of the 
farm, be converted to urban development. 

" 	 Similarly, the fresh groundwater could be used more effectively for potable water 
supply or for producing a range of vegetables and fruits which provide higher
economic returns to the water used. 
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Fodder Reduction Options 

A number of options exist to save the fresh water currently used to produce fodder at 
Garsiz Farm. They include: 

o 	 Siting a reclaimed water recharge operation in Garsiz Farm would require a total of 
60-70 hectares, or about 19 percent of its fodder production area. This would save
about 1.5 million cubic metres per annum. It would also permit the recharge of
about 14 million cubic metres of treated wastewater by 2020. 

S 	 The second option is the outcome of the recommendation in the Regional Land Use 
Plan that Ill hectares of Garsiz should be made available for urban development.
This represents 31 percent of the gross fodder area, and terminating fodder 
production on it would yield ainual water savings of approximately 2.33 million 
cubic metres. A 31 percent reduction in fodder output would have a significant
impact on Dhofar Cattle Feed Company activities at Garsiz. It would substantially
reduce, 	 if not eliminate, fodder sales to the Jebalis. If left with insufficient fodder
for its dairy herd, the company would be obliged to purchase fodder from the north 
or from imported sources. The financial implications of losing 31 percent of its 
fodder area could only be estimated if production and cost data are made available.
However, the water savings of 2.33 million cubic metres would only delay the 
requirement for an alternative water supply for four to five years. 

o 	 A third option is to reduce fodder production to the amount required for the
company's own dairy herd at Garsiz, and eliminate all fodder sales to the Jebalis.
But, in the absence of production data, the amount of water that could be saved is 
unknown. 

o 	 Replacing some or all of the fodder with crops that consume less water is also an
option. Many vegetables require substantially less water than fodder if they are
cropped only once per year, and some could be double cropped and still yield water
savings over fodder. As shown in Table B.14 vegetable production provides the
highest economic return per unit of water used. It is also financially profitable.
Tomatoes, chilli peppers, cabbage and cucumber are all profitable crops. The scope
for increasing profitability is enormous, since virtually no farmers are making use 
of the available advanced technol -y for horticulture. One of the key technology
options is the adoption of cultivation methods which substantially lengthen the
normal harvesting period, enabling produce to reach the market both before and 
after the main harvest period. This is necessary to overcome the constraint imposed
by the limited size of the market in Salalah. Water savings could also be increased
by using trickle irrigatin systems, thus reducing evaporation losses. For example,
growing a double crop of tomatoes using trickle irrigation, would halve the water
presently consumed on fodder. Conversion of the whole or a substantial part of 
Garsiz Farm to vegetables or other crops using relatively small quantities of water
would be dependent on adequate market outlets either in Oman or in neighbouring 
states.
 

" The next two options aim to achieve maximum water savings of 7.55 million cubic 
metres per annum by terminating all fodder production at Garsiz. The first one
simply involves the elimination of fodder production with the dairy herd being
totally supplied by purchased fodder. The cost implications would be considerable 
as fodder imported from the north is much more costly as it includes an average 
transport cost of 500 baisa per bale. 
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o 	 The final option involves relocation of Dhofar Cattle Feed Company fodder 
production from Garsiz Farm. Expansion of its existing farm at Sahalnawt is not 
possii',e as adjacent land is already occupied or planned. Alternative sites for 360 
hectare fodder production do not exist elsewhere in the Salalah Plain bccause of 
poor soils. Relocation of fodder production in the Nejd is a feasible option. Other 
organisations, the PDO at Marmul and private farmers at Dawkah have established 
such fodder farms. 

Economic Analysis 

The capital costs involved in the relocation of fodder would be limited to well construction, 
buildings, fencing, access roads and generators. Machinery and equipment including the 
irrigation systems would be transferred to the new site. The ongoing feasibility studies of 
agricultural development in the Nejd will provide an indication of specific locations where 
suitable soils and adequate supplies of usable groundwater exist. The estimated capital 
costs of relocating the 360 hectare fodder production farm to the Nejd are shown in Table 
B.17. 

TABLE B.17 Capital Costs of Relocating 360 hectare Fodder Farm in 
the Nejd 

Quantity Rate R.O. 

Land 	 Provided by Government 
Topographical Survey 15,000 
Well Construction 30 Nos. 59,410 1,782,300 
Road Access 25 Km. 2,400 60,000 
Additional Pumps (30 less 15 existing) 
Buildings: Storage, Workshops 

15 Nos. 
3,000 m2 

11,000 
65 

165,000 
195,000 

Accommodation 1,000 m2 105 105,000 
Farm Office 200 m2 95 19,000 

Fencing 8,000 m 12 96,000 
Pipe Distribution 12,000 in 8.28 99,400 
Power Generation & Distribution 180,000 
Dismantling Existing Irrigation System, 
transport of movable plant, and re-assembly 
10% physical contingencies 

50,000 
276,700 

Total Capital Costs 3,043,400 

The principal cost is the construction of 30 new wells, each costing RO 60,000. The 
number of wells could be reduced if yields exceed 15 litres per second. The project at 
Marmul uses only 3 wells per 60 hectares. The cost of well construction is 64 percent of 
total capital costs. 

Recurrent costs are estimated as follows: 

Depreciation of equipment 126,700 
Pumping Costs 94,000 
Maintenance 71,800 
Farm Inputs (Seeds & Fertilisers) 289,700 
Labour 40,000 
Administration, etc. 10,000 

TOTAL 	 632,200 
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The estimated revenue would depend on the yield of rhodes grass. The yields of 45 tonnes 
per hectare per annum obtained at Marmul were due to very good soil development and 
good management. A more reasonable estimate for planning would be 35 tonnes per
hectare, although this yield could only be expected in the third year, as the experience at 
Marmul indicates the need to build up soil fertility with adequate organic matter. In the first 
and second years, yields would be 30 percent and 60 percent of 35 tonnes. With a price of 
RO 80 per ton (0.960 Baisas per 12 kg bale) this would produce a gross revenue of RO 
2,800 per hectare in the third year. The gross revenue from 360 hectares of rhodei grass
would be RO 1,008,000. On the basis of these estimates, the production of rhodes grass
would be provide an annual profit of RO 375,800. 

Allowing for replacement of vehicles, machinery and irrigation system changes every 5 
years, and pump and fencing replacement every 10 years, this investment would yield an 
internal rate of return of 9 percent. These calculations are based on very approximate cost 
estimates, and make extensive use of cost data in the Report on the Desert Agricultural
Project of April 1988, and on the W.S. Atkins Regional Development Plan for the 
Southern Region, August i989. Changes in the cost of well construction could radically 
alter the rate. 

The relatively low rate of return suggests that the Dhofar Cattle Feed Company should 
receive financial compensation for relocating fodder production from Garsiz to the Nejd. If 
the Government were to provide a grant to cover the capital costs, rhodes grass production
would be profitable. The value of the water saved at Garsiz over a 20-year period has been 
obtained by amortising the capital costs (using a discount rate of 10 percent) to an annual 
figure, divided by the annual consumption at Garsiz. This would indicate that the cost of 
saving the 7.55 million cubic metres of water is RO 0.047 per cubic metre. 

B.5.3.2 MAF Livestock Research 

At present the research station produces substantially more fodder than is required to feed 
both its existing stock, and for its planned expansion up to 150 cattle. When all its 
irrigation systems are in full production, and it takes two to three years after establishment 
before rhodes grass achieves maximum yields, it will have a very substantial surplus for 
Jebali livestock owners. 

If fodder production at the station was curtailed to meet the feed requirements of its planned
livestock numbers, estimated at 220 tonnes of hay, the area could be reduced to about 20 
hectares after allowing for a continuing programme of fodder research. This would secure 
a saving of 1.79 million cubic metres of water each year. 

The MAF are in the process of establishing a 50 hectare pilot farm in the Nejd, and have 
financed a study into the feasibility of agricultural production on 1,000 hectares. One 
thousand hectares of suitable soils for agriculture have been identified although not all in 
contiguous areas. Other organisations, such as the Petroleum Development Oman (PDO)
and private farmers, have already established fodder farms in different locations in the 
Nejd, although there are few records available apart from the Progress Report on the PDO 
Desert Farm Project at Marmul in 1988. 

In addition to the value of water saved in the Salalah Plain, the benefits of transferring the 
existing MAF fodder production operation to the Nejd would include the provision of 
valuable research results on fodder production to existing and future fodder producers in 
the Nejd. Since the scope for future fodder production in the Salalah Plain is severely
constrained by soil and water limitations, future growth in fodder production can only 
occur in the Nejd. It is assumed that overall demand for fodder will increase because of 
rising demand for fresh milk in Salalah and because of the continued degradation of the 
natural rangeland on the Jebel although it is recognised that the government is taking steps
via rangeland studies, experiments and projects to halt such degradation and to secure its 
improvement. It is assumed that the MAF research programme into livestock breeds would 
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remain at its existing location, since in the very different climate in the Nejd only camel 
raising is feasible. 

The costs of establishing a comparable fodder research farm of 121 hectares would include 
the construction of wells, access roads, fencing, buildings and generators, but it is 
assumed that the existing equipment, centre pivot systems and farm machinery could be 
transferred to a new site, although there would be significant transport and re-installation 
costs. It is probable that staff housing would also be required unless existing houses in 
Thumrait could be used. As indicated in Table B.18 the capital costs of relocating the 
fodder research farm are estimated at RO 1.29 million. 

TABLE B.18 Capital Costs of Relocating Livestock Fodder 
Research Farm in the Nejd 

Quantity Rate R.O. 

Land 
Topographical Survey 
Well Construction 
Road Access 
Pumps and Mains 
Buildings: Storage, Workshops 

Provided by 

8 Nos. 
10 Km. 
8 Nos. 

3,000 m2 

Government 

59,410 
2,400 

20,387 
65 

10,000 
475,300 

24,000 
163,100 
195,000 

Accommodation 
Farm Office 

1,000 m2 

200 m2 
105 
95 

105,000 
19,000 

Fencing 
Power Generation & Distribution 
Dismantling Existing Irrigation System, 
transport of movable plant, and re-assembly 

5,000 m 12 60,000 
90,000 

30,000 

10% physical contingencies 117,100 

Total Capital Costs 1,288,500 

There would also be incremental operating costs for transporting fodder to the existing
station to feed its research herd. With total livestock at the station estimated at 150 cattle,
there would be a maximum annual requirement of 220 tonnes of rhodes grass hay.
Assuming a transport cost of 50 Baisa per bale from the Nejd to the Livestock Station, the 
transport cost would be RO 1,100 per annum. The costs and benefits of a relocated fodder 
research programme are not susceptible to conventional cost benefit analysis since the 
nature of research is essentially experimental, but a substantial surplus of fodder would be 
available for sale to the Jebalis. 

The value of water saved at the MAF livestock research station has been estimated by
amortising the capital costs of moving the research station to the Nejd over 20 years (using 
a discounting rate of 10 percent), plus the annual incremental transport co.;ts, divided by
the annual water consumption at the livestock research station. This indicates that the cost 
of saving the 2.26 million cubic metres would be RO 0.067 per cubic metre. 

B.5.4 Jebali Livestock Production Systems 

The Jebali livestock owners incur substantial losses on raising cattle. Because of serious 
overstocking, the productivity of the natural pasture of the Jebel has been drastically
reduced so that most cattle are now dependent on costly feed purchases for at least six 
months of the year. The principal purchased feeds are concentrate pellets available from the 
Dhofar Cattle Feed Company feedmill, hay purchased either from the farms of the Dhofar 
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Cattle Feed Company or from traders who import hay from the north of Oman, the UAE or 
Saudi Arabia, and dried sardines. 

The markets for meat and milk are largely supplied by imports at a price substantially lower
than that required to pay for the purchased feed. Numerous studies of the economy of
Jebali cattle production have been undertaken, (GRM, 1982-84, 1988 Dr. Morris, 1986,
Gooch and Hviid, 1986, Sir M. MacDonald and Partners, 1939 and most recently by Dr.
El Mahi and Mohamud Gure, 1990) and all have concluded that, with the existing price
relationships, cattle production is not economically or financially viable. 

Based on their survey of 60 Jebali livestock owning households, El Mahi and Gure found 
that the average herd size of cattle was 78, having increased from 20 over the past 12 years.
An indicative budget for a herd of 100 cattle is shown in Table B.19. 

The analysis in Table B.19 indicates that the average financial loss for maintaining cattle is 
RO 30 per head per annum. Feed costs exceed the value of livestock products. Most of
the milk is consumed by the households either as milk or as ghee. Manure sales are 
dependent on access to a road, but manure may be used also on the household vegetable
plots. The estimates for feed in the budget may be underestimated as the dcstruction of
natural pasture may now be so great that livestock require purchased feeds for more than 
six months of the year. 

The production system is increasingly dependent on imported inputs. Locally produced
hay is highly capital intensive, using imported pumping equipmen!, centre pivot and 
raingun irrigation systems, imported farm equipment, fertilisers and seed, as well as a
substantial amount of expatriate labour. Concentrate pellets are manufactured in a feedmill 
using imported equipment, mostly with imported raw materials. The labour used in 
livestock raising is increasingly expatriate labour. 

TABLE B.19 Annual Budget for 100 Jebali Cattle 

Technical Parameters 

Mature Cows 60 percent 
Bulls I 
Immature Female 20 
Immature Males 3 
Female Calves 10 
Male Calves 6 
Adult Equivalent 80 
Mortality Rate 5 
Offtake Rate 15 
Fertility Rate 33 
Lactation Period 270 days
Use of Natural Pasture 6 months 

Revenue Rial Omani 

Milk: 20 cows, 270 days, 2 litres/day @ RO.0.300/litre 3,240
Animal Disposal: 6 male calves/immature @ RO 110 660 

9 cows @ RO 250 2,250 

Manure Disposal: 	 Average 400 kg DM/head/year 
Assume 75% is usable @ RO.5/MT 150 

Total Revenue 6,300 
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Costs 

Feed: Hay 2.5 kg/day for 180 days 
Average price RO.I per 12 kg bale 3
Conc. Pellets. 1.5 kg/day for 270 days 
Price RO.100/MT 3
Sardines: 30 kg/head p.a.@ RO.0,300/kg 

,000 

,240 
720 

Labour: 

Transp
Total Feed Costs 

180 days, a'i;rage 50 km/day @ RO.0.150/km 
I Expatiiate @ RO 60 per month 

Capital Costs: Shelter, Feed Store, Equipment, etc. 
Veterinary Costs 

ort of Feed to Co~ral 
6,960 

1,350 
720 
200 
100 

Total Costs 9,330 

Net Loss 3,030 

The use of scarce water supplies for fodder production is not economically viable for a 
production system that incurs net economic losses. Fodder sold by the Dhofar Cattle Feed 
Company contributes to this loss. 

In addition, the system is not sustainable, as it has involved the progressive destruction of 
the natural pastures of the Jebel, thereby largely eliminating the one natural asset on which 
livestock was originally produced. Continuous degradation of the natural pastures of the 
Jebel Al Qara as a result of serious overstocking has persisted for at least 15 years. Cattle 
numbers are now thought to be between two and three times the carrying capacity of the 
Jebel. The GRM report on Livestock Marketing in the Southern Region (1987) noted the 
probable correlation between the extent of supplementary feeding and the overstocking 
which causes the destruction of the pastures. Furthermore, the lower the costs of 
supplementary feed such as hay, the more cattle the Jebalis can support, and the greater the 
overstocking. 

The continuing existence of this system has occurred on account of very strong social 
motivations of Jeballs, linked to their traditional cultural values and way of life. With the 
passage of time, the enthusiasm for livestock raising is likely to decline, as younger, 
educated Jebalis are less willing to finance the maintenance of cattle with little prospect of 
any financial return, and as they find profitable alternative investment opportunities. 
However, this is a long term process and at present the destruction of the rangelands 
continues. 

Solving the problems presented by the Jebali livestock system is a complex task since there 
are major political and social aspects as well as economic and environmental ones. These 
are outside the scope of the present study. 
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Figure C.87 Salinity Distribution - Model PR8 (Sept. 2009) 
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Figure C.88 Nodal Hydrograph and Salinity for (21, 18) - Model PR8 C-146
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APPENDIX C 

WATER RESOURCES 

C.1 Overview 

C.1.1 Climate 

The climate of the Salalah Plain and the adjacent Jebel Al Qara is quite different from thetypically arid conditions of the rest of Oman and the Arabian Peninsula. This is a result of a combination of two main factors - the summer monsoon and local topography. The monsoon, or khareef, occurs between June and September each year when southwesterlywinds persist. According to Schemenauer (1989) these winds are largely the result ofextreme summer heating that occurs in the vast inland desert of the Rub Al Khali, or EmptyQuarter. The heating causes a thermal low pressure system to develop which then interactswith the monsoon circulation over the Indian Ocean and Arabian Sea, resulting in apersistent sea breeze over southern Dhotar. This southwest wind is also responsible forthe movement of surface water away from the coast of Dhofar and the subsequentupwelling of colder water. The flow of humid air off the ocean over this cold water regionresults in a layer of stratus and stratocumulus clouds along the coast. It is the occurrence of
these clouds that mark the monsoon period. 

The second major factor affecting climate in southern Dhofar is the orographic influence ofthe Jebel Al Qamar and Jebel Al Qara. These mountains rise to a scarp which is subparallel
to the coast and has an elevation typically between 700 and 1000 metres. Satellite imageryclearly illustrates the effect of this scarp in acting as a barrier to monsoon clouds. Price etal (1988) have determined the cloud bank associated with the monsoon to be approximately140 km long and less that 80 km wide. The monsoonal clouds are prevented from moving
inland by the orographic barrier and are pushed against the Jebel forming extensive areas ofhigh elevation fog. The fog does not persist on the inland side of the mountain range, and as a result there is a dramatic change in climatic conditions and vegetation occurring over
just a few hundred metres on the downslope of the topographic divide. 

The monsoon provides precipitation on an annual basis, although its duration and intensityvaries from year to year. The precipitation is a combination of drizzle, rain and fog. Fogwater is intercepted naturally by vegetation, dripping from the limbs and foliage of trees
and shrubs and extensive areas of native grasses. This "occult precipitation" accounts for asignificant component of total water input, but it is not generally recorded by conventional 
rain gauges. 

Fog moisture collection studies were carried out by Price et al (1988) at Qairoon Hairittiusing a specially designed tower with corrugated iron sheets as the collection surface.
These studies were conducted over a 48-hour period. The average daily rainfall over thesame period was 1.65 mm which was considerably lower than the average fog moisture
(and rainfall) collection of 24.2 mm. 

A more detailed study on the feasibility of fog and rain watei collection in the Jebel wasdone by Cowiconsult (1990). The investigation included the development and testing ofvarious screen and moisture collection equipment, and the collection of detailed climaticdata. Monitoring of collection from a screen over the monsoon period indicated that fogmoisture accounted for an average of 78 percent of total precipitation (fog + rainfall). Otherfactors such as wind speed, height of collector above ground and size of collector were 
also tested. 

The studies of fog interception potential highlight the difficulty in quantifying precipitationand determining its contribution to groundwater recharge. The figures for rainfall which are quoted in the following section relate only to rain gauge readings and do not include 
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occult precipitation. Records which have been kept at Salalah Airport since 1942 represent 
the most comprehensive climatic data base available for the area. Other rainfall gauging 
stations exist on the plain and in the Jebel. 

Rainfall 

The coastal areas of southern Dhofar receive three types of rainfall: 

- Monsoonal rains of the khareef, which fall between late June and early September; 

- Occasional storms associated with cyclonic rainfall which generally occur in the 
periods May - June and October - November and often result in flash flooding on 
the plain; and 

- Rainfall resulting from synoptic conditions which can occur at any time and can last 
for up to one week and comprise regular showers. 

Average monthly rainfall data for the Salalah Airport, Qairoon Hairitti and Tawi Attair 
stations are plotted in Figure C. 1.The plots show that rainfall on the Jebel is quite different 
from rainfall on the plain. In the Jebel at Qairoon Hairitti the three month period between 
June and August accounts for 75 percent of the total annual rainfall whereas at Salalah 
Airport on the plain over the same period only 55 percent of total rainfall occurs. 

Rainfall Comparison 
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Figure Cl - Rainfall Comparisons in the Salalah Area 

The annual average rainfalls are summarized in Table C.1. On the plain the average is 
around 110 mm whereas in the Jebel it is about 260 mm. Many of the rainfall records are 
incomplete and some of the high values in the Jebel areas are considered biased. 
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TABLE C.1 Details of Rainfall Monitoring Stations 

Nane of Site Elevation Month Month of Annual 
(m) 	 Readings Final Average 

Began Reading Rainfall 
(mm)

Salalah Airport 20 Oct 1942 Dec 1990 110.0 
Mina Raysut 	 15 Dec 1989Jan 1983 	 117.3 
Raysut 15 Aug 1973 Dec 1984 112.6
Qairoon flairitti 887 Jul 1977 Dec 1986 231.4
 
Qairoon Hairitti 
 887 Sep 	1984 Dec 1989 262.3 
Madinat Al Saan 	 600 Dec 1986May 1984 	 317.2 
Madinat Al Haq 450 Sep 	1975 May 1981 380.4
Zeak 	 858 Dec 1986Apr 1978 	 279.6 
Raqbit 480 Apr 1977 Jun 1989 455.2 
Tawi Attair 650 May 1984 Dec 1986 289.3
 
Ghadow 700 Dec 1986
Jun 1984 	 353.0 
Robat Farm 	 8 Jan 1974 Apr 1984 127.9 
Razat Farm 5 Jul 1973 Nov 1984 110.3 
Mirbat 28 May 1984 Dec 1986 14.1
 
Sudh 10 Dec 1986
May 1984 	 26.4 

Evaporation 

Regular monitoring of evaporation using the Piche method is carried out at only one site on
 
the Salalah Plain - the Salalah Airport. Monitoring began in June1979 and has continued to
 
the present. Average monthly evaporation values have been computed and are plotted in
 
Figure C.2.
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FIGURE C.2 Monthly Evaporation Averages - Salaiah Airport 

The plot shows that the maximum evaporation occurs during January when a rate of 11.33 
mm/day is attained. The lowest rates occur during the khareef when extensive cloud cover 
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significantly restricts the evaporative potential, and an average value of 1.75 mm/day 

occurs. 

C.1.2 Physiography 

The Salalah Plain is a broad flat coastal plain bounded on the north by a line of mountains.
Three physiographic divisions can be defined between the top of the divide and the 
coastline: 

- The Jebel, which is the mountainous terrain forming the catchment for the 
southward and nothward flowing streams. 

- The Jerbeeb, which is the intermediate zone at the foot of the Jebel on the south 

side. 

- The Plain. 

The Jebel 

The south-facing slopes are typically steep and deeply incised by narrow wadis. The
northern slopes which comprise the Nejd are more gradual, dipping approximately parallel
with low angle bedding of the Tcrtiay limestone sequence. There are two topographic
units bordering the Salalah Plain - Jebel Al Qamar and Jebel Al Qara. The Zalawt Plain to
the east is bordered by Jebel Samhan. The maximum elevation of the Jebel Al Qamar is
1411 metres whereas for Jebel Al Qara it is 1060 metres and for Jebel Samhan it is 1812 
metres. 

Jebel Al Qamar extends from the Yemeni border west of Dalqut to Mughsayl. The crest 
trends southwest-northeast, with drainage courses eroded between subparallel scarps. 

Jebel Al Qara has two principal scarp directions. West of Wadi Sahalnawt the crest trends 
east-northeast whereas to the east the orientati n is east-southeast. The south-facing slopes
are transected by deeply incised wadis which cut across the steep faces. Cliff sections are 
evident in areas of resistant limestone, and travertine faces have developed below major
springs. A key feature of the Jebel is the karst topography which has developed on the 
cavernous limestone base. The movement of surface water along fractures in the rock has
resulted in erosion of gullies and downward percolation of groundwater along preferential
flow paths. The migration of water through the soluble limestone has created sinkholes
and interconnected subterranean cavities. Karst topography has developed on the land 
surface of the Jebel as a result of this process. Cavity collapse, streams disappearing into 
sinkholes, travertine cliffs and caves are all common. The leaching action of the 
groundwater passing through the limestone has rroduced a residual deposit of red clay-like
soil called "terra rossa". In some areas not covered by terra rossa, the water has enlarged
the joints and fractures and formed a conjugate pattern of cleft.s and ridges which give the 
hillslopes a rocky appearance. East of Mirbat the distinctive scarp - plain morphology of the
Jebel Al Qara disappears in a rugged mountainous area adjacent to the coast, marking the 
beginning of the Jebel Samhan. This is an abrupt northeast-trending continuous cliff which 
rises above the basement rocks of the Zalawt Plain and extends as far as Hasik. The cliff is
formed by differential erosion of the younger limestone cap which rests unconformably on 
top of the older crystalline basement. 

The Jerbeeb 

The Jerbeeb is at the base of the Jebel marking the contact between the Jebel and the Plain. 
It is an area of special morphological significance comprising terraces of colluvium,
alluvium and conglomerates incised by wadi valleys. Surface elevations range between 80 
and 150 metres. 
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Springs occur at the base of the Jebel where low permeability limestones create hydraulic
barriers. These springs emerge at the break of slope in valleys or gorges which extend up
into the Jebel. 

The terraces of the Jerbeeb are characterist .zally sparsely vegetated with low trees and 
shrubs. The presence of inactive termite mounds which also extend onto the Plain suggests
past periods of more temperate climatic conditions and more extensive tree and scrub cover.
These mounds have been eroded but can be distinguished by a circle of fine soil which can 
be more than 10 metres in diameter with a central knoll up to two metres high. 

The Plain 

The Masterplan area covers two plains - the Salalah Plain and the Zalawt Plain, which is
also referred to as the Mirbat Plain. The Salalah Plain is a flat-lying coastal plain of about
800 square kilometres bounded to the north by the Jebel Al Qamar and Jebel Al Qara and to 
the south by the Arabian Sea. The relief of the plain is generally flat, with some undulation 
caused by wadis and differential erosion of resistant beach rock deposits. A large part of 
the area has an elevation less than 50 metres. 

The coastal boundary of the plain is typified by broad sandy beaches forming bays betwei 
headlands of resistant limestone such as at Mughsayl, Raysut and Khor Rouri. Beach rock
deposits of calcareous cemented sands occur at shallow depth beneath the foredunes and 
commonly outcrop on the lower parts of the plain. Soils adjacent to the coast are sandy,
having been derived from the low transverse dunes which extend parallel to the shoreline.
Further inland the soils are less well developed and the vast majority are unsuitable for 
agriculture without treatment. 

Drainage is poorly developed, with a vast network of minor tributaries contributing to the 
shallow wadis which traverse the plain. The wadis flow following periods of extreme 
rainfall, often as flash floods. As a result the channels are straight and laterally
discontinuous. Within these channels there is a poorly assorted assemblage of reworked
conglomerate pebbles, sands and silts. The lack of clearly defined te.Taces within the
existing flood courses indicates the degree of immaturity of the modem alluvial system. 

The Zalawt Plain is located between Jebel Samhan and the coast. It is developed on a
basement of Precambrian to Early Palaeozoic crystalline rocks. The plain is very dissected 
but slopes evenly to the rocky coastline. Minor sand beaches occur within embayments
along the shoreline. Drainage is better developed on this plain, with wadis trending
southeast parallel with basement lineations. 

C.1.3 Hydrology 

Runoff events on the Salalah Plain and in the Jebel occur as a result of monsoonal 
precipitation between June and September or following sporadic rainfall. Cyclonic storms 
can occur between May and June or October and November, whereas rainfall resulting
from synoptic conditions can last for up to a week and comprise regular showers. The 
different types of precipitation result ir different types of flow. 

Cyclonic storm events are often localised and occur as short high intensity downpours
which usually result in flash flooding. Regular cyclonic events are typical of the Arabian 
Peninsula - providing the only source of fresh water and aquifer recharge for most of the
desert areas. On the Salalah Plain and the surrounding Jebel Al Qara, however, this type of 
rainfall is supplemented by the monsoon. Evidence from rainfall records suggests that
cyclonic storms which cause significant flooding on the Salalah Plain occur approximately 
once every seven years. 

Flooding associated with these storms can be widespread and destructive. The flat gradient
of the plain, combined with the low relief and lack of clearly defined channels, causes 
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floods to cover large areas of the plain. Flood mapping has been carried out by the 
Ministry of Water Resources (MWR, 1990). High risk areas were mapped where flood 
depths are anticipated to be equal to or greater than 0.5 metre and/or flow velocities equal to 
or greater than 0.3 metre/sec. The maps show large flood-prone areas, particularly where 
water backs up behind elevated roads and within Salalah itself behind the coastal dunes. 

Monsoonal precipitation occurs on a regular basis and comprises mist as well as rainfall. 
The effects of these climatic conditions are more pronounced in the Jebel where wet and 
soggy ground conditions persist throughout the monsoon season. Once the soils are 
saturated runoff is virtually continuous. Streams flow across the hillsides and merge. 
Although flows are significant they do not often extend onto the plain. Instead they are 
diverted into sinkholes and rock crevices where they ultimately join the water table and 
contribute to aquifer recharge. 

Wadi channels on the plain are largely relict features, developed during ar earlier pluvial 
period, but still control any surface run off which may occur on the Salalah Plain. 

Any surface runoff is channelled into the wadis and will generally flow for a short distance 
before entering the gravels. This contribution to the groundwater of the wadi gravels 
generally occurs in the most developed subsurface channels or as the channel widens on 
the plain. 

Wadi flow gauging stations were installed by PAWR in 1984 on eight wadis in the 
Southern Region. This was done in an effort to measure surface flows to improve 
understanding of the water balance of the region. Gauging stations were positioned on 
Wadis Garsiz, Sahalnawt and Arzat on the Salalah Plain and two on Wadi Darbat, one near 
the falls and the second close to the main road. Since installation there have been very few 
wadi flow events, the largest flow of 13 cubic metres per second was recorded at Wadi 
Garsiz in December 1985 (MacDonald, 1989). 

C.1.4 Geology and Structure 

The geology of the Salalah Plain has been described by various authors and studies. The 
most comprehensive and up-to-date reference was prepared by the Bureau de Recherges 
Geologiques et Minieres (BRGM). This report (Roger and Platel, 1987) describes the 
surface geology, stratigraphy and structure of the Dhofar region. 

Another key source of geological information is the recent geological mapping which has 
been carried out by geologists of the Ministry of Petroleum and Minerals (MPM) in 
association with BRGM. 

C.1.4.1 Regional Setting 

In the Dhofar region the surface geology is dominated by a broad gently dipping belt of 
Tertiary limestones which extends from the Jebel Al Qama and Jebel Al Qara northwards 
beneath the Nejd and into the Rub Al Khali Basin. 

The Tertiary sequence in southern Dhofar is affected by a combination of anticlinal folding 
and block faulting. Uplifting, faulting and gentle folding have elevated early Tertiary 
sediments at least 1000 metres, creating the Jebel mountains and the Nejd. Downfaulting 
to the south of the Jebel Al Qara has resulted in the formation of the Salalah Plain. 

On the plain Upper Tertiary deposits of limestones deposited under shallow water marine 
conditions are overlain by, and in part interbedded with, terrestrial alluvial and colluvial 
deposits. These limestones form the major aquifer systems on the Salalah Plain. 
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C.1.4.2 Stratigraphy 

C.1.4.2.1 Pre-Tertiary 

In Southern Dhofar, sedimentary deposition began in the Upper Palaeozoic and continued 
through the Mesozoic and Cainozoic. Figure C.3 shows a stratigraphic column for 
Southern Dhofar from the Cretaceous period to the present. The oldest Cretaceous units 
outcropping within the study area belong to the Qamar Group. This group comprises two 
formations - the Kharfot formation and the Dalqut Formation. 

The Kharfot Formation outcrops near Ain Garsiz and Ain Sahalnawt. It is a sequence of 
alternating green to brown marls, micritic limestones and calcarenitic limestones with some 
clays in the upper layers. The fossils found in the sediments suggest they were deposited
under marine conditions in a middle shelf environment. The Dalqut Formation outcrops
most extensively in the vicinity of Ayn Hamran, north of Taqah. The lower contact is 
conformable with the Kharfot Formation. Both of these units are aquicludes and form the 
base to groundwater flow derived from the younger overlying formations. 

C.1.4.2.2 Tertiary 

.Jebel Al Oara 

Uplift and erosion followed the end of the Cretaceous and resulted in a regional
unconformity. The Tertiary marine transgression began during the late Palaeocene and an 
epicontinental sea existed until the late Eocene. The mainly carbonate sediments which 
were deposited in this environment constitute the Hadhramaut Group. This group contains 
the Umm Er Radhuma (oldest), Rus, Dammam and Aydim Formations (youngest), which 
outcrop most prominently in the Jebel Al Qara. Groundwater moving through these units 
is the major source of recharge to the springs and aquifer systems on the Salalah Plain. 

Umm Er Radhuma Formation 

This is the predominant unit within the Jebel Al Qama and Jebel Al Qara, outcropping in 
characteristic cliff faces on the southern slopes. Three members have been recognised on 
the basis of outcrop by Roger and Platel (1987). 

Atayr Member 

The Atayr Member is the basal unit with a maximum thickness of 23 metres. It is 
comprised of marl and carbonate deposits and rests unconformably on Cretaceous deposits. 

Hasik Member 

The Hasik Member is the predominant unit within the Umm Er Radhuma Formation,
attaining a thickness exceeding 500 metres. It comprises a succession of well layered
carbonate beds which are dolomitic at the top and forms a thick carbonate plateau, the 
southern limit of which is marked by sheer cliffs. The main aquifers of the Jebel Al Qara 
are contained within the Hasik Member and it is the main unit through which most 
groundwater flows towards the Salalah Plain. The Hasik Member outcrops on the Salalah 
Plain along the Jebel Front between Wadi Garsiz and Wadi Arzat. 

Mudday Member 

The Mudday Member forms the uppermost part of the Umm Er kadhuma Formation. This 
member comprises white well-bedded chalky dolomitic deposits containing siliceous 
nodules and geodes. 
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Rus Formation 

The Rus Formation is between 45 and 60 metres thick in e . ,tcrop. The lower part of the
formation is characterised by beds of white soft chalky dolomite and solution collapse
features. The upper part comprises deposits of bioclastic carbonates with irarl-clay
intercalations. The Rus Formation is considered to be an aquitard. 

Dammam Formation 

The Dammam Formation which overlies the Rus Formation has been divided into the 
following three members. The Qara Member tends to form the major aquifer unit of the 
Dammam Formation in Dhofar. 

- Andhur Member. Yellow-brown shale and white bioclastic limestone. 

- Qara Member. Thick massively bedded carbonate deposits - with a basal limestone
marl assemblage. 

- Uyun Member. Thinly bedded deposits of bioclastic limestone occur at the top of 
the formation. 

Aydim Formation 

Occurring at the top of the Tertiary outcrop in the vicinity of Qairoon Hairitti, the Aydim
Formation rests conformably on the Dammam Formation. It comprises marl, clay and 
bioclastic limestones. 

Salalah Plain 

After deposition of the Hadrhamaut Group there was major tectonic acitivity in Southern 
Oman related to the rifting between the African and Arabian plates. This resulted in the 
downfaulting of the Salalah Plain. As a result deep turbidites of the Mughsayl Formation 
and shallow littoral deposits belonging to the Adawnib Formation were deposited within 
the limits of the present Salalah Plain. These geological units are described in further detail 
because of their significance in relation to the hydrogeology of the Salalah Plain. 

Mughsayl Formation 

This formation is equivalent to part of the Taqah Formation (Roger and Platel, 1987). It 
outcrops on the Salalah Plain west of Raysut. At its base, it comprises a sequence of slope
breccias which accumulated at the foot of palaeocliffs under marine and continental 
conditions. The breccia is overlain by a 400-metre sequence of turbidites comprising thin 
beds of wackestones and limestones, often with slump structures. These deposits were 
laid down on submarine slopes created by an unstable tectonic setting. 

The Taqah Formation was previously subdivided by Flint and Rippon (1986) into 3 
members: the Dhariz (oldest), Hafah and Baleed (youngest). Although the work of the
BRGM has superceded this nomenclature, these names have been retained for the purpose
of this report as they are instructive when considering the hydrogeology of the Salalah
Plain. Figure C.4 shows a MWR interpreted geological cross section trending
approximately north south based on six cored holes. The diagram illustrates the 
relationship between the three members and other units. 

The Dhariz member, is assigned by MPM to the Mughsayl Formation and the Hafah and 
Baleed Members to the Adawnib Formation (Qidwai and Halifa, pers. comm). 
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The Dhariz member comprises a sequence of grey clayey to silly argillaceous limestones
 
with poorly defined bedding and some sand. The sediments were deposited in a marine,
 
intertidal mud-flat environment. Figure C.5 shows the structure contours for the top of the
 
Dhariz member. All the structure contour plans presented in this report are based on
 
detailed examination of drilling records held by MWR, DGWST, and local drilling
 
contractors. The figure shows three southwest-northeast trending lineaments running
 
across the plain parallel to the Jebel Front, with a down-faulted block or graben in between
 
the northern and central faults. The central fault trends northeast from the airport towards
 
Wadi Arzat with an estimated downthrow to the north of 20-,10 m. The southern fault
 
lineament is poorly defined and only extends from the Eastern Jebel as far as Saade.
 

Adawnib Formation 

This formation comprises conglomerates. calcarenites, fossiliferous marine limestones and
 
gravelly marly limestones. The sediments were deposited during the early Miocene under a
 
marginal marine environment ranging from subtidal to inner shelf with a coarse detrital
 
apron. The fornmation rest unconformably on Tertiary, Cretaceous and pre-Mesozoic rocks
 
outcropping along the base of the Jebel and extending onto the Salalah Plain.
 

These marginal marine deposits are intercalated with the Hafah and Baleed members of the
 
forner Taqah Formation which are marine deposits.
 

- The Hafah Member is a massive and homogeneous yellow silty limestone with no
 
visible sedimentary structures. Occasional thin shelly bands occur within the unit.
 
These sediments were probably deposited under conditions ranging from shallow
 
marine to intertidal mud flat.
 

- The Baleed Member overlies the older Hafah Member and contains the principal 
aquifer of the Salalah Plain. Previous work by Taylor (1979) divided the member 
into two rock types - a lower cream granular limestone and an upper pink
conglomeratic limestone, but Flint and Rippon (1986) found the conglomerates to 
be absent in the central and southern portions of the plain. The rocks of the Baleed 
Member are weakly cemented sandy limestones with abundant solution channels 
which may form up to 35 percent of the volume of the rock. Many solution 
channels have been partially or completely infilled with clay and/or rock fragments. 
Solution channels are restricted primarily to the Baleed Member and generally occur 
in a band between 10 and 50 metres thick, with the base of the channelling being 
normally 20 to 30 metres below sea level, although a depth of 55 metres below sea 
level was encountered in one borehole. 

The base of the main aquifer system is generally defined as the top of the Hafah Member. 
Where there has been significant structural activity and the permeability of the Hafah 
Member has been increased by facturing the base of the aquifer tends to be deeper. Figure 
C.6 which shows the structure contours on the top of the Hafah Member has two important 
features: 

0 	 Marked vertical displacement along the southwest-northeast trending central and 
southern fault lineaments; and 

0 	 A wide depression north of the central plain area, near Wadi 
Garsiz. 

The displacement along the central and southern fault lineaments, which is also recognised 
in the Dhariz Member, indicates the underlying faults were active during or after deposition
of the Hafah Member. It is therefore likely to have affected the Baleed Member the same 
way and contributed to the depositional and karstic development of aquifer zones within the 
Baleed Member. 
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PAWR completed a seismic reflection survey in 1985 which identified a broad syncline 
underlying the central plain. The north westerly trending syncline shallows towards the 
Jebel in the vicinity of Wadis Garsiz and Nahiz. A northwest trending structural feature, 
possibly associated with the syncline, extends through Wadi Garsiz. The depressed upper 
surface of the Hafah Member in this area may reflect some syn-depositional subsidence 
during deposition of the Baleed Member. Funher evidence of faui reactivation is based on 
the restricted deposition of intraformational talus breccias derived from the then recently 
emerged Jebel Front only on the northern side of the central fault. The talus breccias 
comprise angular limestone blocks set ini a poorly cemented matrix with a gradual 
thickening towards the Jebel. During this time or soon after, a major scour channel 
developed running north through the central plain from Al Baleed to the Salalah Wellfield. 
The influence of this feature on the development of the fissure system and karst features is 
discussed further in Section C.2.3.1. 

C.1.4.2.3 Pliocene - Quaternary 

During the Pliocene and Quaternary continental conditions prevailed with the formation of 
two units namely: 

o Red Conglomerate Formation; and 

o Quaternary Superficial Deposits. 

a) Red Conglomerate Formation 

This unit includes the detrital conglomerate deposits which outcrop at the foot of the Jebel 
on the Salalah Plain. The sediments are typically red and grey-brown conglomerates with 
some interbedded siltstone. The deposits rest unconformably on the Adawnib Formation in 
the vicinity of Wadi Adawnib west of Raysut. They were deposited in alluvial fans which 
developed around the foot of the Jebel Front. 

b) Quatemary Superficial Deposits 

This unit includes a heterogenous assemblage of alluvial, colluvial and aeolian deposits as 
well as travertine and coastal beach rock deposits. The alluvial sediments range from 
gravels and sands occurring in alluvial fans and terraces to widespread cobbles and 
boulders. Talus breccias consisting of angular limestone blocks occur at the base of the 
Jebel. Aeolian deposits consist of active and consolidated coastal sand dunes. The 
travertine deposits occur commonly around the springs and on the cliff faces of the Jebel. 
Beach rock deposits are common between Salalah and Taqah and comprise richly 
fossiliferous calcarenites interbedded with conglomerates and alluvium. 

The most important superficial deposit overlying the main aquifer is the wadi alluvium. It 
comprises conglomerates, gravelly clays and calcarenites. The conglomerates contain sub
rounded to rounded hard crystalline limestone clasts with a clayey matrix. The clasts 
increase in size from 7 cm on the central plain to 40 cm under Wadi Sahalnawt and Wadi 
Garsiz. Gravelly clays occur on the flanks of the existing wadis and form a veneer across 
most of the plain. These deposits are important as they may act as pathways for infiltrating 
flood watei to reach the aquifer after heavy cyclonic storms. This effect is enhanced where 
the alluvium is thickest. 

Figure C.7 shows the isopachs for the alluvial deposits. The thickest zone occurs in Wadi 
Garsiz, indicating that the course of the wadi t..s remained relatively stable. This may 
relate to structural movement under the wadi associated with the northwest trending 
lineament. Significant thicknesses of alluvium are also present 1.5 km south west of Wadi 
Nahiz and approximately 1km east of Wadi Sahalnawt in the northeastern comer of the 
plain. 
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The fact that the thickness of alluvium in the current channels of Wadi Sahalnawt and Wadi 
Nahiz is less than 10 m indicates that these wadis may have followed a different course in 
the past. Several southwest-northeast trending features are evident on the isopach map
which -idicates that faulting continued to influence the depositional environment and the 
alignment of the palaeochannels, especially oil the central fault, which extends from the 
airport to Ain Arzat. The palaeochannels of Garsiz, Nahiz and Sahalnawt appear to i;;crge
in the vicinity of the Salalah Wellfield and flow south along the scour channel developed in 
the top of the Baleed Member to the coast at Al Baleed. 

C.1.4.3 Structure 

The influence of structure has been important on both the hydrogeological and geological 
development of the Salalah Plain and the Jebel Al Qara. The complex structure of the Jebel 
is simplified in Figure C.8 based on lineament analysis of satellite imagery. The diagram 
shows that two prominent fault directions exist in the Jebel Al Qara, trending east-northeast 
and northwest. These normal faults have divided the J,bel Al Qara into a series of blocks 
restricting groundwater movement in some graben structures and allowing increased flow 
along fault lines. Along the Jebel Front, faulting has caused strata beneath the Salalah Plain 
to be down thrown at least 1,500 metres (Flint and Rippon, 1986). 

Evidence for faulting along the boundary between Jebel Al Qama and the Salalah Plain can 
be seen in the fault breccias which are exposed in road cuts at the foot of the slope. Figure 
C.8 shows the three fault lineaments that extend from the Jebel southwest across the 
Salalah Plain and the broad shallow syncline/structural warp extending across the central 
Salalah Plain from Sa!alah to the Wadi Garsiz-Wadi Nahiz area. These are the major 
structural features on the Salalah Plain which have had an impact on the hydrogeology and 
subsequent development of the main aquifers. 

C.2 Hydrogeology 

C.2.1 Previous Studies 

Groundwater has been a significant and well utilised resource on the Salalah Plain since the 
settlement of the area began. The assessment of this resource became an important issue 
during the mid 1970's and since then the hydrogeology of the Salalah Plain and 
surrounding areas has been the subject of numerous studies. 

In 1975 and 1976 the water resourc-s of the Nejd, Jebel and tht Salalah Plain were studied 
(Halcrow 1975 & 1977). The repor. , include details of borehole logs, pumping tests and 
resistivity surveys undertaken on the plain to indicate the presence of aquifers and the 
extent of v adi fill deposits. 

Pencol prepared two reports to examine the water supply options for Taqah and Mirbat 
(Pencol 1978a, 1978b). The reports described the hydrogeological conditions which exist 
at the alternative groundwater resource sites. These reports described the drilling and 
pumping test investigations carried out at the base of the travertine waterfall below Wadi 
Darbat and concluded that the aquifer could support demands for bothi Taqah and Mirbat. 
Other options which were investigated included the Hamran and Tubrt.k Springs for Taqah 
and the Wadis Hinna, Ghazir, Baqlat and Anshyr for Mirbat. 

Tetra Tech (1978) prepared a report on groundwater use and quality on the Salalah Plain 
based on an investigation carried out by the Water Resources Council. Deterioration in 
groundwater quality was identified at Garsiz '-arm, Khor Baleed and Al Qoof, as a result of 
upconing of brackish groundwater and seawater intrusion induced by overpumping. The 
average daily water use from the shallow aquifer was estimated to be 98,000 cubic metres 
per day, with 92 percent of the water being used for irrigation and 8 percent for public and 
domestic supplies. The report suggested that landward migration of the salt water interface 
was restricted by the presence of cemented layers within the coastal deposits. 

C- 16 



I I .;RO-, 

' I 

PrturpolFauts , LicatuntsDAMES & MOORE/I CDM
 
SSecondutry Faults/Lineamtuu 
 WATER SUPPl.Y AND WASTEWATER 

MASTEEPLAN FOR SALALANMA TINTERPRETATION OF SATELLI 

7,,o Boruhooe IMAGERY OF THE JEBEI. 

- FaultLineacsts SalatahPlain
 

SOURCE :Fault... d Linc......... kcn fsm 1985 Lutdiai imtu¢ry FILI'.E C-S
 



A water balance for the Salalah Plain was carried out by Horn (1978). The report 
described the components of the balance and concluded that the usable groundwater 
resources of the plain totalled 30 million cubic metres per year with an additional 10 nillion 
cubic metres/year of spring flow. 

Taylor (1979) presents information gained from Drilling Contract W3, carried out on the 
Salalah Plain. The wellfield is located to the north and northeast of the Salalah Airport and, 
comprises nine production wells and one previously existing well. 

The initial capacity of the wellfield was estimated as 25,000 m3 /day, with a final anticipated 
capacity of 32,000 m3 /day, the improvement being caused by progressive development of 
the wells. 

The investigation concluded that the potable water abstracted from the wellfield is a product 
of recharge from rainfall in the Jebel area. The consultant estimated that in 1979, potable 
groundwater underlay about a quarter of the plain. The volume of water passing through 
the fresh water corridor to the sea was estimated at 80,000 cubic metres per day, with an 
estimated daily abstraction of 50,000 cubic metres. 

The sources of recharge in the Jebel Al Qara were addressed by a study of environmental 
isotopes (PAWR, 1986). Samples were taken from wells in the Nejd, the Jebel and on the 
Salalah Plain. The report concludes that groundwater in the Jebel Al Qara and the Saliah 
Plain is recharged primarily by monsoon precipitation with only a minor contribution fiora 
cyclonic rainstorms evident in some samples. Tritium levels indicated the groundwaters are 
generally less than five years old. In the Jebel-Nejd area the age of groundwater was found 
to increase towards the north, confirming the recharge along Jebel Al Qara. 

Detailed lithological analysis of cores drilled into the Taqah Formation beneath the plain 
was carried out by Flint and Rippon (1986). The report identified the lithologies that 
control the behaviour and movement of groundwater and provided data on hydraulic 
conductivities, salinities and aquifer thickness. 

The water resources of the Southern Region were later described by Atkins (1989). The 
report noted that water table levels were dropping in the main aquifer on the plain. 
Recharge for the Salalah Plain was estimated to be around 30 million cubic metres per year 
(+/- 25 percent), but only about 66 percent was considered available for use. The report 
concluded that consumption of water by agriculture and potable supply was greater than 
recharge and the aquifer system within the Taqa Formation was in deficit and this would 
result in further saline water intrusion. The issue of groundwater recharge was dealt with 
by MacDonald (1989). Potential recharge dam sites on the Salalah Plain were investigated 
on the basis of technical and economic feasibility. Construction of the first recharge dam 
commenced in 1990. 

Mott MacDonald (1990) studied the water balance of the Salalah Plain and estiated current 
agricultural demand on the plain as 38 million cubic metres per year and urrent potable 
demand as 10.4 rillion cubic metres per year. The projected potablt demarnd by 2010 was 
calculated to be 34.6 million cubic metres per year. Water resource assessment was carried 
out using trends in groundwater levels, salinity of groundwater, falaj flows and agricultural 
cropping as well as selective water balance calculations. The report stated that t!ie Salalah 
Plain is a catchment which is in balance during a median year. 

C.2.2 Hydrogeology of the Jebel Al Qat 

In order to understand the development and occurrence of fresh groundwater on the 
Salalah Plain, it is necessary to appreciate the hydrogeological environment of the Jebel Al 
Qara in addition to that pertaining to the aquifer underlying the Salalah Plain. 

Three aquifer systenis of Tertiary age exist in the Jebel Al Qara: 
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o Dammam Limestone 
o Upper Umm Er Radhuma 
o Lower Umm Er Radhuma 

The Dammam Limestone is the uppermost aquifer occupying the highest ground along the 
topographic divide between the Jebel Al Qara and the Nejd, while most of the front or 
south facing slopes of the Jebel Al Qara incise into the Upper and Lower Umm Er 
Radhuma Formation. 

C.2.2.1 Dammam Limestone and Upper Umm Er Radhuma Formations 

The Dammam Limestone overlies the Rus Formation which acts as an aquitard restricting
migration of groundwater into the underlying Umm Er Radhuma aquifer systerms. The 
Dammam Limestone is karstic with fissured features throughout, and the groundwater is 
generally unconfined where the aquifer is exposed in the Jebel Al Qara. The unit dips to 
the north towards the Rub Al Khali, with limited spring development on the southern side 
of the topographic divide. The majority of these springs are ephemeral which suggests that 
they flow when water levels rise sufficiently in the Dammam Limestone to create a 
southerly groundwater flow component toward-. the spring heads. This water tends to 
issue at the springs, flow across the Rus Formation and enter the Umm Er Radhuma via 
fissures and solution cavities. On the bas;, of the available data it is considered that there is 
a component of southerly flow from the Dammam Limestone to the Salalah Plain but it is 
shmall compared to the northerly component. 

The Upper and Lower Umm Er Radhuma aquifer systems gently dip towards the north as 
far as the crest of the Jebel Al Qara. In this area there has been major block faulting with 
downthiow generally on the southern side. North of the topographic divide these units dip
to the south and form the southern limb of a broad low angle anticline with its axis passing
through Watdi Ghabartan (MPM 1990). 

The Upper Umm Er Radhuma comprises 1 170-300 m sequence of light brown 
fossiliferous limestone interbedded with grey-g, een marls and marly limestones. Several 
shallow boreholes are terminated in the Upper Umm Er Radhuma and water is obtained 
from fissured unconfined aquifer zones. The Upper Umm Er Radhuma overlies the lower 
member and, where vertical karstic features are not locally well developed, will form a 
confining layer. 

The Lower Umm Er Radhuma is the major aquifer unit in the Jebel area (PAWR 1986). It 
comprises a 280 m thick sequence of crystalline limestones with small proportions of grey 
marls and shales. 

C.2.2.2 Lower Umm Er Radhuma Formation 

The formation is exposed over much of the southern Jebel where it is the source of potable
water for most of the settlements either from springs in wadi beds or boreholes. Recharge 
to this aquifer is derived from direct infiltration of rainwater and occult precipitation during
the khareef. The rainwater enters the aquifer through solution channels or by cc :centrated 
infiltration thro;,gh the bottom of the wadi channels. This is confirmed by environmental 
isotope studies undertaken by PAWR (1986). This study showed a strong correlation 
between Oxygen- 18 and Deuterium values recorded in production bores both on the Jebel 
and Salalah Plain, with samples of monsoonal rainfall. 

C.2.2.3 Occurrence of Groundwater 

The distribution of the aquifer zones is related to both lithology and structure. The 
fractured nature of the Lower Umm Er Radhuma formation and the water soluble character 
of the limestone have combined to form larger and more permeable pathways for 
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groundwater flows. The majority of the groundwater is stored and transmitted in the well 
developed karst features, sink holes, caverns etc. which are common throughout the Jebel. 
Figure C.8 shows the distribution of major fracture and fissure systems based on the 
lineament analysis of satellite imagery. 

C.2.2.4 Aquifer Flow Syst.m 

Historic water level data is extremely limited for the Jebel area. MAost of the bores are rural 
water supply production wells and measurements are only taken during pump maintenance. 
A water level monitoring programme was completed in February 1991 by the Consultant. 
Prior to this, relevant borehole records were examined and notes made regarding the 
aquifer horizon, first water intersection, confined head and initial static water levels. Those 
bores intersecting groundwater only in the Lower Umm Er Radhuma were visited and non
pumping water levels measured. Where possible borehole elevations and locations were 
coordinated using the GPS satellite system. 

Table C.2 summarises the relevant details for each of the bores. To check on the reliability
of the data points selected for the survey, a plot was made of the elevation of first water 
intersection for each location (Figure C.9). This figure shows that the top of the aquifer
has a regional distribution with relatively uniform southerly dip. Therefore the water level 
measurements in the selected boreholes should reflect the potentiometric surface of the 
same series of aquifer zones. Comparison between the February 1991 readings and historic 
data confirm that these values reflect, within a reasonable range, the non-pumping water 
levels. 

Figure C.10 shows the potentiometric surface of the Lower Umm Er Radhuma using the 
February 1991 data. Given the nature of karst environments, where the zones of enhanced 
permeability are largely controlled by structure and lithology, individual groundwater flow 
paths will not necessarily be perpendicular to the regional potentiometric contours. 
However it is considered that the potentiometric surface as shown reflects the overall 
regional flow system across the Jebel, which is sufficient for the purpose of this study. 

The contour map shows that values are highest in the vicinity of the topographic divide 
where monsoonal rain and therefore potential recharge is at a maximum and lowest along
the Jebel Front where the groundwater is discharging to the Salalah Plain, either as springs 
or subsurface flows. 

Several authors have identified the groundwater divide of the Dammam and Upper Umm Er 
Radhuma at around 600 m amsl extending under the Jebel Qara from Hagaif through
Qairoon Hairitti to Ashenhaib, with a second area extending east from Aksirot. The 
groundwater divide which follows the topographic divide separates groundwater moving
north to the Nejd and south to the Salalah Plain. On the basis of the results collected during
this survey the regional flow system within the Lower Umm Er Radhuma generally
conforms to the pattern recognised in the overlying formations. However in the vicinity of 
Khabrarat the groundwater divide is approximately 5 kilometres north of the topographic
divide and water levels at Khabrarat are significantly lower (420 masl) than those in 
adjacent areas (500 to 600 masl). The reasons for the decline in water levels at Khabrarat,
and displacement of the groundwater divide, are unclear. Lineament bounded limestone 
blocks of regional proportions are recognisable on satellite imagery (Figure C.8) and may
have influenced the localised development of hydrogeological conditions in specific areas. 

In the we, tern and central Jebel, groundwater contours are aligned parallel with the Jebel 
crest and the Jebel Front, with regional flow trending southwest toward the plain. In the 
eastern J :bel, bounded in the west by Ashenhaib and Madinat Al Saan, the groundwater 
contourt, shows a convergent pattern with northwest-southeast trending contours,
indicating a southwesterly groundwater flow. The partitioning of the limestone into a 
series of lineament bounded blocks, which are elongated in an east-west plane as seen on 
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TABLE C.2 Jebel Production Bore Data 

Groundwaha Resources Duta 
NON PUMPING WATEF rLZC. DATE 

S &7 LOCALITY MAP REFIRENC BORE ELE7 DEPTH BELOW GROUND LEVEL (M) HISTORIC WATER LEVEL DATA LEVEL FEB.91 CO2DREF. NO. NAME SHEET E N m.as.l* CASING SCREEN TOTAIFIRSrWATE3ORIGINALS.W.LDepdtm) Dae Depth(m) Dae Depth(m) Elev.(MaLLI) mS/acm 

53 XELOB BE 3098 0064 600 212 180 43.0 58.0 54.2 830 08x 1/91
57 AKSIROT BE 229! 0734 925 400 292.5 	 294.0 631.0 2384 061913
59 	 SHAHAYT I 528 415 175* 225.0 740 08.,11 91
60 	 SHAHAYT2 BD2632 918 530 388 17500 193.0 236.0 294.0 761 07101PI
01 	 MED. AL HAQ 2 BE 2056 0150 740 338 222 236 20-0M75 263.2 30-01-76 646 0O9Ib1I
62 MED. AL HAQ 3 BE 2259 0130 750 370 252 222 29-11-75 267 31-01-76 L. .4 518.6 656 03M1/90
63 	 MED. ALHAQ4 BE21800150 770 387 212 253.8 10-06-75 253 27-0M-75 772 31/12/87
65 	 ARFOQ BD 2605 9607 542 250 15500 184.0 171.7 370 3 667 071/191
66 	 NASHEEB BE 1383 0024 625 450 380 323.0 	 322.0 303.0 629 05)01/11
68 	 KHABRARAT2 BE 145G 0745 910 0-478 478-653 653 470 456.0 491.0 419.0 253 151/91
69 	 ASHENHAIB 2 BE 0866 0870 880 510 414 373.0 377.0 503.0 968 15J119
73 	 MED. ALSAAN 1 297 178.0 	 685 119818374 	 MED. ALSAAN 2 BE 0650 0237 565 399 173.5 740 08=11t91
75 	 MED. AL SAAN 3 BE 0661 0202 520 0-155 155-300 350 148.5 164.6 25-05-81 	 175.0 345.0 740 08J'3!/91
76 	 ADVIROT BE 0259 0996 680 0-100 100-254 254 170 104.0 102.0 578.0 714 Z'J0 I9177 	 SHER I AE 9856 0325 488 0-215 215-317 317 777 1!08/90
78 SHER2 AE 9930 0348 446 0-202 202-319 319 178 1620 165.5 280.5 7i7 1MU/0
86 RAKBEET AE 9367 0167 490 0-247 247-352 352 193.6 296.4 294 33139087 	 NAHEEZ1 AE 9054 0238 452 0-181 181-283 283 164 352.0 152 27-12-77 166.8 33-05-85 158.2 293.8 630 3=l1191
88 	 NAHEEZ2 AE 9164 0292 508 0-204 204-315 315 239 220.0 230 22-04-85 217.7 23-42-77 	 667 07J01191
89 	 SHINOOT 805 330-10 10-252 400 350 318.0 323.4 481.6 '53 0217/83
90 JAl"ANEEN 1 AD 8627 9008 644 0-353 353-459 459 3424- 348.0 34806 17-12-88 651 08 /I91
91 JAHANEEN2 AD 8666 9843 505 0-119 119-205 323 247 220.0 22G.72 12-12-88 222.6 282.4 168 1419096 	 NABIAYOB ZU 1883 9385 695 0-391 391-451 500 393.1 302.0 1334 31112190
98 	 OHADOW 2 AD 8092 9615 755 0-470 470-610 610 510 475.0 473.3 16-01-79 479.0 276.0 578 31/12190

KANZIER AD 8392 9432 582 0-391 391-451 298.6 283.0 
KYFAN BE:0190 0480 540 155.7 384.0
 
S!111tAIT AE 9587 0542 480
 

* 	Coordinates deri,- usingOPS Satellite System or data supplied from DGWST 
" Perched Water Table 



- AdviroL 

QAIROON ~As,4"h~ib
AtRITTI E 

- /, 245 

H , P'TAQA 

AL.ALAHI] 

iJL NURRAT 

RAYSUT LEGEND 

1 Rural Water Supply Bore 0 2 4 6 8 10Km 

302 Intersection of first water m.a.m.s.l 

Contours 50 m intervals DAMES& MOORE CDM 

WATER SUPPLY AND WASTEWATER 

ISTERPLN FOR SALALAH 

ELEVATION OF FIRST WATER 
INTERSECTION IN THE LOWER 

UMMER RADIIUMA FORMATION 

L F1OtJREC-9 



QAIROON O55' 
HAIR.TrlwmE 

Aksi 

630 

2. 

35. 
2 2 

• . ... 

.- . 
. 

" ' 

. 

. 

. .N... 
. . 

" 

. .. 

" " 

, , , .a MR, b fro.n.i to.rn b.r 

N. 
J~~~~~h--IWAE-2&/AVLT 

,W C0- 0 
AIA 

er e FrD E.. -

Ayb,1170 

ZOxNsEd 

70 
e da 

[--]E 0 -70"oWtr 

ECER> 0 

19 

19 
lts 

ECALv eA 

ee ~~~sI 

E au 

erayDAE& 
TWTRSPL NDWSEAE 

NOAR L A 

OR/D 

wACWSPPYAN AHT 
M.TRLNFRAAA 

iASTLGNDmcaimnlmPouto ae 90PTNIMTI 
WATpRapi dUAivid SpESRriand W .W.r.SpBarehl 

Liifjblfot 15 to.R1986l 

[F EC <4STFG spring 

"- oorpi iieSrn n ...QUALITYBrsWATERZONE (DRrlOWERSpl Br ol 
'"""~ ~ ~ ~ ~ .WR Jebel fron moniorin18 98Me 

ECI < 40prn 

UFC 
WAE QULT IN0OWE 

UrnMmntoigo e AI fU-- A FOMIO 
t8 1 

bor RR A~UAOMTO 

Fr-7: 

N 



satellite imagery, may have influenced the development of gruundwater flow zones in this 
area. 

CCEWR and MAF undertook exploratory drilling programmes in 1986 and 1989 
respectively, to study the nature of the boundaries between the Lower Umm Er Radhuma, 
the underlying Cretaceous and the younger Tertiary deposits. Although this area is 
structurally complex due to extensive fatilting, a relationship can be defined between these 
units as shown schematically in Figure C. II. 

In Wadi Garsiz 20 m of Lower Unmn Er Radhutna overlies a sequence of Cretaceous 
shales, with the contact defined at +97 m amsl. At Wadi Nahiz the junction of the Lower 
Umm Er Radhuma with the Cretaceous is at approximately -25 in. Boreholes drilled in the 
Jebel near Wadi Sahalnawt show faulted blocks of Cretaceous shales between 105 and 25 
m amsl, while drilling in the Wadi Shawayt and Wadi Arzat has confirmed the Lower Umm 
Er Radhuma/Cretaceous boundary between 18.5 and -38 and 104 and 297 m amsl 
respectively. The Umni Er Radhuma is absent in hores drilled in Wadi Khaysh and Ain 
Hamran, suggesting it has been eroded from the underlying Cretaceous sediments. 

These results indicate that there is a synclinal or structural depression developed in the 
Lower Umm Er RadhumaiCretaceous sequence along the Jebel Front with the central 
portion in the vicinity of Wadi Nahiz. The contact occurs at a depth of approximately -25 
m amsl in the centre of the syncline, rising on the limbs to 50-100 m arnsl at Wadi Garsiz 
and Wadi Sahalnawt. This feature correlates with the axis of a deep seated feature identified 
by PAWR (1985) extending north across the Salalah Plain to the crest of the Jebel Al Qara. 
The impact of this structure on the occurrence of groundwater on the Salalah Plain is 
discussed further in Section C.2.3. 

C.2.2.5 Groundwater Quality 

Figure C.10 includes the distribution of water quality of pumped groundwater samples 
from Jebel bores collected by MWR during 1990 and conductivity measurements of 
samples collected from Jebel Front monitoring bores. The diagram also shows for 
reference the extent of the fresh and brackish groundwater zones on the Salalah Plain. 

The head distribution indicates a pronounced southward migration of groundwater towards 
the Salalah Plain. On the basis of the water quality data for both the Jebel and the plain, it 
appears that most of this groundwater is entering the Salalah Plain along a front extending 
from Wadi Garsiz in the west to Wadi Arzat in the east. Either side of this area, where 
Cretaceous deposits outcrop, the groundwater is slightly brackish. The freshest 
groundwater along this front is reported from springs and bores located between Wadi 
Garsiz and Wadi Sahalnawt, suggesting that this is a major zone of freshwater recharge to 
the plain. 

C.2.3 Hydrogeology of the Salalah Plain 

C.2.3.1 Nature of the Aquifer 

The major aquifer unit of the Salalah Plain is the Baleed Member, formerly of the Taqah 
Formation but now reassigned to the Adawnib Formation. Figure C.4 illustrates the 
relationship of the aquifer to other units on the Salalah Plain (CCEWR, 1986). The host 
rock is a white to pink highly fossiliferous sandy limestone with a carbonate matrix and 
open voids up to 3 cm in diameter. Solution channels exist throughout the unit with both 
vertical and horizontal orientations. They form up to 35 per,:ent of tile rock, but many of 
the channels have been infilled with secondary clays, silts and rock fragments. In the 
upper part of the unit the infill has been carbonate cemented. 

The base of the aquifer is generally defined a., being the top of the Hafah Member on the 
basis of the cored samples collected by CCEWR. The structure contours of this contact 
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surface are shown in Figure C.5. Below the contact there is no evidence of solution 
channels or cavities, but there is a marked increase in groundwater salinity as measured by
electrical conductivity at or near the contact. Where secondary permeability has developed 
in the Hafah Member as a result of fracturing associated with the fault lineaments the base 
of the aquifer system can be extended below the top of the l-lafah Member. 

Over the southern part of the Salalah Plain the aquifer zone is approximately 25 m thick and 
extends to the coast. Solution channels are well developed only over the lower 10 metres 
which represents the main fissure zone of the aquifer. The base of the aquifer throughout 
most of the southern plain is about 20-25 in below sea level, and may represent a former 
base line of karstic development, when sea levels were lower. 

In the central plain area north of Garsiz Farm, the main fissure zone comprising a 10 m 
thick sequence of solution channels continues and overlies another aquifer zone comprising 
a brecciated limestone underlain by a second lower horizon of solution cavities at a depth of 
55 to 63 in below sea level. This zone has been traced by subsequent drilling a further 2 
km north toward the Jebel, but the upper horizon of solution channels terminates over the 
same distance. An east west cross section through the central part of the plain is shown in 
Figure C. 12. The area of major karstic development coincides with the region where the 
southwest-northeast trending fault alignments mentioned in Section C. 1.4 intersect the axis 
of the broad synclinal structure developed between Wadi Garsiz and Wadi Nahiz. 

Formations in this area were probably weakened by this structural deformation, which in 
turn encouraged increased groundwater flows, the widening of fractures, dissolution of the 
limestone and the development of palaeo channels. 

Because natural groundwater flow is essentially to the south, fissures are probably better 
developed in this direction and may be following structural weakness associated with the 
synclinal feature which runs through the central plain. There is limited borehole 
information to define the western and eastern limits of the aquifer under the central plain at 
present. Drilling records of wells in these areas indicate that karst development is limited 
and the cavities are often infilled. The results of seismic profiling indicate a pronounced 
thinning of the strata west of Salalah airport and east of the main Salalah-Thumrait Road, 
which suggests a corresponding reduction in aquifer thickness. The lateral exiension of the 
aquifer to the east and west requires further study and is to form part of MWR's current 
exploratory drilling programme. 

Examination of drill records, confirm that karst features do extend into the basal wadi 
alluvium and the coastal calcarenite. Groundwater migrating into the latter is responsible
for the maintenance of water supplies to the shallow hand dug wells used in the traditional 
small holdings along the coastal agricultural belt and supporting the coastal lagoons or 
khors. 

C.2.3.2 Aquifer Characteristics 

Because of the limited number of conventional pumping tests completed on the plain and 
the highly transmissive nature of the fissured/fractured aquifer zones, it is difficult to 
provide representative values for the relevant aquifer characteristics, especially when 
coupled with the unique character of karst development where the degree of interconnection 
is difficult to estimate. 

Table C.3 summarises the values obtained from previous studies together with an 
explanation of the predominant aquifer material under test. The values vary widely and 
reflect the degree to which open and interconnected solution cavities are intercepted by the 
boreholes. The highest values reflect the presence of cavernous limestones while the lower 
values are more representative of the unfissured intergranular limestones and clay filled 
fissures. From the available data it is not possible to identify areas of high and low 
transmissivity as the high values obtained during test pumping may relate to a few well 
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TABLE C.3 Aquifer Characteristics 

Bore Location Name Transmissivty Permeability 
m2/d m/d 

Garsiz Farm - Halcrow (1977) using Logan Approximation 

AD 986573 AA 30 650 
AD 985509 AA 56 1510 
AD 984547 AA 57 5670 
AD 983594 AA 58 3610 
AD 985517 AA 59 1990 
AD 984630 AA 61 310 

Salalah Wcllfield - Taylor (1979) 4 day pumping test 

AD 992002 AA TPI 35000-68000 
AD 982776 AA TP 3 9900-82000 
AD 983724 BA TP4B 18000-80000 
AD 981896 AA TP6 2000-2300 
AD 984718AA TP8 
AD 984759 AA TPIO 150000-200000 
AD 983716 AA TPI 1 17000 
AD 984073 AA Obsi2 1400 
AD 990012 AA Obs13 2000 
AD 993222 AA Obsl4 1100 

Sahalnawt Farm - Taylor (1981) pumping lest 

BD0817178 PWI 20 
BD 080796 PW2 45000 
BD 080760 PW3 82 

Cored Borehole Transcct - PAWR (1986) using Lugeon Method 

Calcarenite 2 
Breccia 0.6 
Balecd Member 
Limestone fine grained 0.03 - 0.2 

fissured 0.3-0.6 
clay filled 0.06 

Hafah Member 
Limestone 0.01 -0.16 
Conglomerate 0.02 -0.08 
Dhariz Member 
Limestone argillaceous 0.001-0.08 

Northern Sala!-h Plain - MacDonalds (1989) Pumping Tests 

AD 899079 BA Jl 990 0.5- 1.1 
AD 994569 AA N2 0.3 
AD 989739 BA SI 198 2.5 
AD 998342 AA S2 5472 97-240 
AD 998426 AA S3 20-60 
BD 092503 AA S4 34-57 
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connected solution fcatures in an otherwise low permeability sequence. The Consultant
considers that the distribution of specific capacity i.e. the yie!d per unit of drawdown is a 
more useful indicator of local aquifer characteristics than tranimissivity. 

Based on the review of data held by MWR, there is a marked difference in aquifer
characteristics across the plain. The specific capacity of production bores located on the 
brackish zone are generally lower than those on the fresh water zone. This indicates that
the amount of open fissuring is significantly greater in the fresh water zone, including those 
parts which have become brackish as a result of overpumping and saline intrusion. 

Estimates of the storage coefficient are limited to those tests completed within the Salalah
Wellfield. The reported 'alties fall within the range 0.006 - 0.1 (Taylor, 979). The lower 
values occur in the western part of the wellfield where the aquifer is partially confined by
the overlying al!uvial cover, while to the east where the alluvial cover is thinner the aquifer
is unconfiied. 

Without accurate data on aquifer transmissivity, reasonable estimates of the throughflow 
are difficult to assess. This is the case especially in areas where the hydraulic gradient is
low, and the test results currently available may only reflect the response of fissure systems
around an individual bore. Estimates of aquifer transmissivity have been determined on the
basis of annual migration of peak water levels across the plain following the khareef. 
Details of this analysis are given in Section C.2.3.4.1. 

C.2.3.3 Groundwater Flow 

Figure C.A3 shows the groundwater contours across the Salalah Plain based on data 
collected by MWR for June 1990. The plan shows a general east-northeast trend of 
contours running subparallel to the Jebel Front and the coast. Water levels vary from near 
sea level at the coast to 10 metres amsl in the upper reaches of the wadis near the Jebel
Front. Groundwater levels are highest in the area between Wadi Garsiz and Wadi 
Sahalnawt indicating this is a major recharge zone with discharge to the sea co.centrated in 
the vicinity of Al Baleed. 

In the Central Salalah Plain, there is a marked embayment in the groundwater contours 
especially below 3.0 metres. The corresponding situation for June 1982 is presented in 
Figure C.l14. which agrees with previous maps compiled since 1974. The main feature 
differentiating this contour analysis from previous studies, is the distortion of the 3 metres 
contour north of the Salalah Wellfield. This wellfield was commissioned in March 1982,
and the migration of the contour is in response to the large scale abstraction which had
already developed large regional drawdown cones after only 3 months of pumping. The
drawdown cone, although laterally extensive, is very shallow and this distinguishes the 
aquifer as a highly transmissive unit. 

Comparison of the groundwater contours tor June 1982 and 1990 show a considerable 
landward migration of the groundwater contours across the Salalah Plain between the
airport ini the west and Mamoorah Palace in the east. The 2.5 m and 3 m contours have 
extended further back toward the Jebel especially in the area bounded by Wadi Garsiz and
Wadi Sahalnawt. The 2 m contour has migrated from Robat Road north to include parts of 
the Salalah Wellfield. These changes in the regional flow pattern across the central area 
over the 8 year period are a consequence of the significant increase in water demand for
municipal, agricultural and to lesser extent domestic purposes, with a corresponding
increase in groundwater abstraction. To meet the demand due to pumping, especially in the 
Central Salalah Plain groundwater is bcing drawn from aquifer zones extending from Wadi 
Garsiz in the west to Wadi Arzat in the east. The increased abstraction has caused the
hydraulic gradient in the Jebel Front to steepen while on the southern coastal plain the
hydraulic gradient towards the sea is reduced. This indicates that recharge entering the
Sala!ah Plain is rapidly moving towards the central area to compensa-,, for major
abstraction. By comparison, the groundwater flow from the central plain towards the coast 
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is relatively low. The reduction in the annual throughflow has disturbed the position of the
saline interface and increased brackish water intrusion in the central area. 

The decline in water levels between 1982 and 1990 is shown in Figure C.15. The
drawdown cone is elongate with an east-northeast trend, centred on the Salalah Wellfield
where water level changes are highest. The position of the drawdown cone coincides
generally with the central fauft lineament suggesting that structural features have influenced 
not only the depositional and structural development of the aquifer but also the drawdown 
characteristics. 

C.2.3.4 Recharge 

Replenishment of the fresh groundwater resources of the Salalah Plain is derived from four 
alternate mechanisms. 

o 	 Infiltration of rain falling directly on the Salalah Ph:in; 

" 	 Infiltration of surface water used for irrigation on the fresh water zone derived from 
springs at the foot of the Jebel; 

o 	 Infiltration of surface flood water flowing across the plain derived from wadi 
channels as a result of cyclonic activity on the Jebel (approximately once every 7 
years); and 

o 	 Subsurface flow from the Jebel. 

Table C.4 shows generalised estimates of the net contribution to recharge by each of these
mechanisms, determined by FAO (1978). Although the figures are broadly based, they do
highlight the relative contributions. A further refinement of the water budget is provided in 
Section C.4. 

TABLE C.4 Ceneralised Aquifer Recharge Estimates, FAO (1978) 

Source of Recharge Mcm/yr Percent 

Direc t recharge from rainfall 	 1.7 6
Infiltration from springs 3.3 11
Infiltration from wadi flood flow (rare) 5 16
Sub surface flow from the Jebel 20 67 

TOTAL 30 100 

C.2.3.4.1 Subsurface Flow from the Jebel 

The primary zone of fresh water recharge appears to be limited to the area between Wadi
Garsiz and Wadi Sahalnawt with supplementary recharge from Wadi Arzat and Wadi
Hamran. Where the Lower Umm Er Radhuma is underlain by impermeable Cretaceous
sediments the groundwater is discharged to the plain along contact springs such as Ain
Aczat, Ain Garsiz, Ain Hamran and Ain Sahalnawt. In areas where faulting and fissuring 
are well developed below ground level e.g. Wadi Nahiz, the groundwater passes directly as
subsurface flow from the Lower Umm Er Radhuma to the aquifers underlying the p!ain.
This may explain why there are several dry springheads in the vicinity of Wadi Nahiz. This 
concept is supported from the results of' recent studies completed for the Ministry ofAgricuhure (MMP 1989). As Figure C.1 I shows, spring discharges are lower in those 
areas where the underlying formations are part of the Lower Umm Er Radhuna
formation which in general are more transmissive than the underlying Cretaceous strata 
where karst de-elopment is limited. 
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Hydrographic analysis was undertaken at locations throughout the Salalah Plain to assess 
the impact of the khareef which prevails from mid June to September on groundwater 
levels. Overall the general flow pattern a .ross the plain remains the same and there is no 
significant re-orientation of the groundwater contours. Review of hydrographs for the 
period January 1982 to December 1990 indicates that groundwater fluctuations on the plain 
correlate better with rainfall records for Qairoon Hairitti than S:lalah. 

The analysis completed by the Consultant was based on water level rcponses to the 1989 
khareef, which was a more significant event in terms of rainfall and intensity than the 1990 
khareef. During the 1989 khareef (June-September), groundwater levels rose a maximum 
of 4 metres in the lower parts of the Jebel Al Qara and 1.6 metres along the Jebel Front. 
Fluctuations were less than 0.4 metres at distances greater than 2 kilometres from 
the Jebel Frotit. Hydrographs of Jebel Front bores in the brackish zone west of the 

freshwater zone also showed a significant rise in groundwater levels. This indicates that 
some recharge is also occurring in the brackish zone. The fluctuations were greatest near 
the Western .lebel Front. 

A series of hydrographic sections were constructed across the Salalah Plain extending from 
the Jebel Front to the coast. Figure C. 16 shows the magnitude and time of response in one 
of these sections across the Central Salalah Plain. The section line is shown in Figure C. 
17. The diagram illusLrates an early response at the Jebel Front with a gradual decline in 
the magnitude of the response and movement of the time of the peak as it moves toward the 
sea. The migration of the peak water level across the Salalah Plain following the 1989 
khareef is shown in Figure C.17. The earliest peaks (August) are recorded primarily in 
Jebel Front boreholes located etween Wadi Garsiz and Wadi Naheez. September peaks 
occur throughout the northern central and eastern plains, with a second area developed 
around the Salalah borefield. Here the peak could be attributed to reduced abstraction 
during the khaieef. 

In the central and western plain, there is a progressive southward movement of peak water 
levels, between October 1989 and February 1990. By application of heat pulse theory, the 
migration of peak water levels hts been used to determine a representative value for 
transmissivity. The wavelength (X) of a beat pulse is given by: 

X = /(4-rtpT)/S 

Assuming it takes four months (0.33 years) for peak water levels to migrate 12 km across 
the centra' plain (August-December). The total wavelength (X) of the pulse is 36 km and 
the tidal period (tp) between the two points is 12 months. 

Substitution in the formula gives 

(36000)2 = 47/-x 365 x T 
S 

1.296 	x 109 = T
 
4586 S
 

Assuming an average specific yield of 7 percent. The resultant value of transmissivity ,T) 
is 19,800 sq. metres per day. Although this method is approximate, the derived value is 
similar to those determined from previous studies for the Central Salalah Plain. 

Tle same trend does not exist in the eastern plain. In the northern portion of ihe eastern 
plain peak water levels occur in September, and in the southern portion of the eastern plain 
a very slight peak is observed in December. The MWR are currently undertaking 
exploratory work in the eastern brackish zone and the results should be reviewed in light 
of the above. 
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C.2.3.4.2 Infiltration of Surface Flood Water 

Some recharge is likely from the infiltration of surface flood water flowing across the plain 
as a result of cyclonic activity on the Jebel and on the plain. These rainfall events, although 
rare (approximately once every 7 years), are very intense and localised. Previous studies 
(PAWR, 1986) indicated that the best quality grouniwater in the fresh water zone 
coincided with the thickest accumulation of wadi alluvium. This suggests that 
palaeochannels are an important pathway for recharge to the aquifer from surface flooding 
after major cyclonic rainfall. Some work has been completed on paleo channels near Wadi 
Sahalnawt, but further work is required throughout the northern and central parts of the 
Salalah Plain. Work is especially necessary at Wadi Garsiz and in the paleochannel of Wadi 
Nahiz north of the main wellfield. 

C.2.3.4.3 Infiltration of Cyclonic Rainfall 

Recharge to the fresh groundwater zone by the infiltration of cyclonic rainfall is extremely 
rare. Even though cyclonic rainfall occurs approximately every 7 years,this does not 
necessarily indicate that there will be recharge to the aquifer. On the basis of the available 
hydrographic data the only cyclonic event between January 1982 and December 1990 
which caused water levels to rise throughout the plain but not on the Jebel Front was in 
April 1983. The monthly rainfall totals recorded at Qairoon Hairitti and Salalah for the 12
month period January 1983 to January 1984 together with corresponding hydrographs for 
bores across the plain are shown in Figure C. 18. 

The magnitude of the rise anl time of the peak level was similar both for bores in the 
central plain and in the city. No rise was evident in the hydrograph for the Jebel Front bore 
until the following Auigust with "he advent of the khareef. In the opinion of the Consultant,
recharge to the fresh groundwater zone by the infiltration of cyclonic rainfall cannot be 
relied upon as a major componew: of groundwater recharge in a median year. 

C.2.3.5 Hydrochemistry 

C.2.3.5.1 Groundwater Salinity 

The chemical characteristics of groundwater underlying the Salalah Plain are understood 
primarily on the basis of downhole electrical conductivity profiling and sampling
undertaken by MWR. This work has been completed at a number of locations across the 
Salalah Plain on a regular basis since 1982 as part of their groundwater monitoring 
programme. Although the distribution of the monitoring points is uneven, with an 
increased concentration in the central plain, the available information does reflect the 
general distribution of groundwater salinity throughout the plain. 

Figure C.19 shows the ground water quality at the water table for June 1989. The main 
feature of this map is a "zone" of fresh groundwater (EC < 2000 microsiemens per
centimetre), extending from the Jebel Front southwards to within 1.5 kilometres of the 
coast at Al Ba~eed. It extends laterally at its widest point from Wadi Garsiz in the west to 
Wadi Arzat in the east. The lowest salinity groundwater is found on the plain adjacent to 
the Jebel front between Wadi Garsiz and Wadi Nahiz. In addition, there is a narrow strip
of low salinity groundwater near the base of the Jebel extending from Wadi Sahalnawt to 
approximately 2 kilometres west of Ain Hamran. The fresh water zone underlies the 
central plain and is flanked to the west and east by brackish water (2000 to 5000 
microsiemens per centimetre) extending to Raysut in the west and Mamoorah Palace in the 
east. 

The fresh water zone was first recognised in 1974 and although heavily abstracted since 
1977 has retained its general character, except for a retreat of the 1000 EC contour on the 
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eastern side. This persistence indicates the central zone is an area of higher transmissivity
and represents a major pathway for groundwater flow through the fresh water aquifer. 

On the basis of the vertical EC profiles, taken throughout the central plain the freshwater 
zone exists primarily in the Baleed Member. It is thickest under Garsiz Farm (64 metres)
Salalah Wellfield (72 metres), and north of the existing confluence of Wadi Sahalnawt and 
Wadi Nahiz (54 metres). These areas of increased thickness correspond to areas of past 
structural activity where there is a downwarp in the top of the Hafah Member and enhanced 
secondary permeability. Within the Baleed Member, brackish water underlies the fresh 
water on its western, eastern and southern boundaries, and beneath the central portion of 
the tongue. North of the Salalah Wellfield and extending back to the Jebel front, brackish 
water is not found below the fresh water. The base of the fresh water zone rests directly on 
top of the Hafah Member which is an aquiclude containing intersticial saline groundwater.
The top of the Hafah Member constitutes an effective base to the fresh groundwater flow 
system, unless as shown in Figure C.12 secondary permeability has developed (lue to 
structural movement. 

The reason why brackish water is often not found underneath the fresh water north of the 
wellfield is unclear, although it does provide an indication of the flushing process that may 
exist in the Salalah Plain and which explains the development of the fresh water zone. 

At the time of deposition of the Baleed Member, the void spaces of the limestones would 
have been occupied by saline connate waters. After emergence, this water would be slowly
dispiaced by either infiltrating rainfall/floodwater or by fresh and maybe some brackish 
groundwater flowing from the Jebel. There is a good correlation between the available 
specific capacity data which provides a qualitative distribution of transmissivity and the 
degree of effective fissuring against the observed groundwater salinity at the water table. 
Evidence of clay filled fissures on the western plain is given by Flint & Rippon (1986).
The vertical distribution of fresh and brackish groundwater across the Salalah Plain is 
shown in Figure C. 12. This represents an east-west cross section that passes through the 
Salalah Wel!field. 

In the Western Salalah Plain, where groundwater flow from the Jebel is brackish, 
permeabilities of the Baleed Member are low due to infilled fissures and therefore 
groundwater movement across the plain and potential flushing may be limited. In the 
eastern part of the Salalah Plain there is limited recharge from the Jebel Al Qara, and it is 
possible that there has been limited flushing of the saline/brackish connate water. 

In the central plain, there is a large component of spring and subsurface flow of very low 
salinity groundwater. Faulting and folding weakened the formations in this area which in 
turn enhanced the development of fissures and significantly increased permeability. In 
addition paleo channels have developed in these structurally weakened areas further 
enhancing recharge from floods and cyclonic rainstorms. The large throughflow of 
groundwater has largely displaced the saline connate water and flushed the Baleed Member 
to the base of the aquifer to the coast. 

On the western, eastern and southern margins, the brackish water is present in the Baleed 
Member. It is overlain by fresh water which thickens toward the centre of the fresh water 
zone. 

This concept accounts for the observed distribution of groundwater quality and may explain 
recent trends in pumped water quality which are discussed in Section C.5.2. It may also 
help in the assessment of the likely impacts of future development which are discussed 
further in Section C.5. 
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C.2.3.5.2 Major Ions 

Samples of groundwater have been collected and submitted for laboratory determinations of 
major chemical constituents by both MWR, its predecessor PAWR, and Consultants 
working for various government agencics since 1974. Unfortunately, much of this 
sampling was only completed once and relates to studies of specific areas. Most are within 
the fresh water zone and therelore the data is inadequate to determine any overall temporal
changes in groundwater quality throughout tile Salalah Plain. 

Groundwater being discharged in to the main storage reservoirs from the Salalah and Saada 
Wellfields is regularly sampled and analysed at the on-site laboratory. Unfortunately this 
represents a blended sample from several pre,fuction bores and is unrepresentative of actual 
chemical conditions at specific points within the wellfield. 

The Consultant has critically reviewed the available analyses held by MWR and found that 
only 33 of' the 89 chemical results have cation/anion balances within the acceptable 10 
percent discrepancy and are considered to be valid. On the basis of the available 
information, the current data base is insufficient to either determine the distribution of 
individual major ions throughout tile plain or identify areas of existing groundwater
contamination within tile fresh water zone. From a groundwater management view point
this situation is unacceptable and the Consultant recommends a hydrochemical data base of 
major and minor ions and environmental isotopes throughout the Salalah Plain is 
established at the earliest opportunity. The data base should also include EPA priority
industrial and agricultural pollutants within the fresh water zone. The Consultant's 
comment is therelore limited to a general description of the major ions by their grouped
anion/cation characteristics and associated hydrochemical processes. 

Figure C.20 shows the source of th.e 33 samples together with the chemical analyses
shown graphically as Stiff Diagrams. For comparison, chemical analyses of spring water 
collected from Ain Garsiz, Ain Sahalnawt, Ain Arzat and Ain Hamran are included. The 
33 analyses including a sample from AD983938 the PAWR deep exploration bore are 
plotted on both Piper Trilinear and Expanded Durov Diagrams in Figures C.21 and C.22
respectively. On the basis of these diagrams it is possible to recognise seven broadly
defined hydrochemical domains namely: 

o Central fresh water zone 

o Western brackish 

o Far western brackish 

o Western Jebel front 

o Wadi Adawnib 

o Eastern brackish 

o Central coastal brackish 

Groundwatei within the central fresh water zone are significantly different from those of 
the adjacent brackish zones. In the central freshwater zone there are no predominant cations
and chlorides are only slightly more predominant than other anions. Therefore, the fresh 
groundwater is distinctive, not only in terms of electrical conductivity, but also in the ionic
chemistry. In the Western Brackish Zone, sodium and chloride are the major ions with 
supplementary calcium carbonate. The groundwater in the Far Western Brackish and
Eastern Brackish Zones is a sodium chloride type. The groundwater chemistry is similar in
Wadi Adawnib to the Far Western Brackish Zone, but magnesium and sulphate levels are
lower. Along the central coastal zone where the seawater intrusion is occurring, the 
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groundwater is an intermix of the brackish, sodium chir ,Kze type water and the fresh 
subordinate calcium carbonate water. This reflects a zone of mi'dng between fresh 
groundwater flowing towards the coast and seawater. 

Samples taken from the Western Jebel Front are higher in calcium carbonate and lower in 
sodium chloride compared to those in the Western Brackish Zone. The groundwater
moving from the Western Jebel toward the Wes%;rn Salalah Plain is already slightly
brackish and comparatively enriched in calcium carbonate. 

Magnesium levels are relatively uniform throughout the plain, the source of the magnesium
is unknown but may relate to the presence of dolomites associated with recharge zones in 
the Jebel. 

The Durov Diagram has been used to assess the prevailing hydrochemical processes. For 
comparison, chemical analyses of spring water collected from Ain Garsiz, Ain Sahalnawt,
Ain Arzat and Ain Hamran are included. Dissolution of sodium chloride is the dominant 
hydrochemical process and is best dcmonstrated in the fresh water zone. As calcium 
carbonate groundwater and spring water moves across the Jebel Front, it passes through
the younger sediments of the Balee and Hafah Members. It is thought that saline 
porewater contained within these deposits or sodium chloride within the rock matrix is 
dissolved into the migrating groundwater as it moves towards the coast, with an increas? in 
the relative concentrations of sodium chloride. No information concemig the origin of the 
sodium chloride has been reviewed and this will require further investigation. Calcium 
levels decline slightly over the central Salalah Plain but rise and become enriched south of 
the Salalah Wellfield. This rise may be attributed the ongoing dissolution of the limestones 
as part of karst development. As the water moves towards the coast the proportion of 
sodium chloride continues to increase until it becomes the dominant ion. 

A similar trend of sodium chloiide dissolution exists on the Western Salalah Plain, where 
low salinity brackish water from the Western Jebel Front is enriched with sodium chloride 
as it moves slowly across the Western BraLkish Zone. 

The process of dissolution has gone 9 completion in samples from the Fa Western and 
Eastern Brackish Zones, and the lower part of Wadi Adawnib. Associated with the 
process of dissolution from the rock matrix, salinity levels progressively rise in the 
groundwater as it moves across the plain. Figure C.22 shows this trend. 

C.3 Water Reserves 

The water resources of the Salalah Plain include surface sources-springs, khors and 
groundwater sources. Although the groundwater resources are significantly larger than 
those related to surface water, the springs are of potable standard and therefore highly
significant from a resource viewpoint. 

C.3.1 Groundwater Reserves 

The groundwater resources of the Salalah Plain comprise not only the fresh water reserves 
with an eletrical conductivity less than 2000 inicrosiemens per centimetre, but also the 
reserves of brackish water with salinities in the range 2000-5000 microsiemens per
centimetre. 

Given proper management techniques and appropriate crops, many agricultural operations
currently use or are capable of using brackish water (2000-5000 microsiemens per
centimetre)without unacceptable impacts on productivity. Similarly other users such as 
military, industrial and commercial, could in ap:,ropriate circemstances use brackish water 
instead of drawing on the limited fresh water reserves. 
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Brackish water has been included in the estimation of groundwater reserves as it represents 
an important benficial resource for the Salalah Plain. 

The amount of fresh and brackish groundwater in storage beneath the plain has been 
assessed using EC monitoring data collected by MWR in June 1989. Individual EC profiles
have been evaluated to determine the relative thickness of fresh and brackish groundwater 
at locations across the Salalah Plain. The distribution of monitoring bores is biased towards 
the central plain where there if good coverage of the fresh water zone. Coverage is more 
limited on both the western plain and on that part of the plain located east of Mamoorah 
Palace. 

For the purpose of the Masterplan the existing data base is sufficient for reserve 
calculations related to fresh groundwater but inadequate for detailed calculations of the 
brackish water reserves. The brackish water volume given, should be considered as 
preliminary and reviewed in the light of the results of work currently being completed by
MWR. 

The reserve estimotes are based on the lap!?st available data (June, 1989) and therefore 
represent the reserves at that time. Howecr, as the fresh water balance will show, in 
Section C.5.5.1, between 1983 and 1989, the system lost on average an estimated 8 
million cubic metres of fresh water every year. The fresh water volume may therefore have 
reduced by an estimated 14 million cubic metres between June 1989 and March 1991. 

C.3.1.1 Fresh Groundwater Reserves 

Figure C.23 shows the thickness of fresh groundwater underlying the plain. The contact at 
the western margin is abrupt and may reflect a sharp brackish water interface related to the 
edge of the main paleo channel, structural control or reduced formation permeability. The 
northern margin is poorly defined and may also be structurally controlled as indicated by a 
deepened trough of low salinity groundwater running parallel to the Jebel front. Contours 
in the northern margin were redrawn following discussions with MWR. However the 
Consultant is of the opinion that as therc are no data points in this area these contours 
cannot be used for calculation of flesh groundwater reserves on this margin and the 
Consultant's original reserve estimates remain unchanged. 

The eastern margin is gradational ir character with a low angle brackish water interface. 
The nature of the boundary suggests that the lithological character of the aquifer unit 
progressively changes towards the east. 

On the basis of the observed distributioi: and thickness contours, the total volume of fresh 
groundwater held in storage in June 1989 is estimated to be approximately 339 million 
cubic metres. This figure is based on the following assumptions: 

o 	 The effective specific yield of the main fissure zone is 0.2. 

o 	 The effective specific yield of the intergranular limestone within the Baleed Member 
outside of the main fissure zone is 0.05. 

o 	 The top and bottom of the aquifer zone is defined as the base of the Baleed Member 
and the water table respectively. 

0 	 The main fissure zone is only 10 m thick and extends across the area of fresh 
groundwater. 

0 	 A second lower fissure zone exists with a thickness of 10 m and a specific yield of 
0.2 where the total thickness of the saturated aquifer exceeds 50 m. 
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C.3.1.2 Brackirh Water Reserves 

The thickness of brackish groundwater underlying the Salalah Plain is shown in Figure
C.24. The isopach map is compiled from MWR data (June, 1989) and includes the 
boundary of the fresh groundwater reserves. 

The brackish water is thickest in the western plain where values exceed 72 m. The 
thickness progressively declines toward the central plain where it underlies the less dense 
fresh water. 

Along the coastal and eastern margin of the fresh water tongue the brackish water zone 
thickens as a result of reduced fre' h water throughflow and saline intrusion. 

On the eastern plain the thickness of brackish water is relatively uniform and does not 
conform to a distinctive pattern. However this may be related to an insufficient number of 
data points. 

Given this distribution of brackish groundwater, the volume of brackish groundwater in 
storage is estimated to be approximately 153 million cubic metres, of which 109 million 
cubic metres underlies the western eastern and southern margins of the fresh water tongue. 
These figures ar. significantly lower fhan those submitted in the Basis of Planning Report 
as a result of discussions held with MWR. However they maybe revised upwards pending 
the results of current studies being undertaken by MWR in the brackish zones. 

In the calculation of brackish water storage on the Salalah Plain a number of assumptions 
have been made, as follows: 

1)Within the fresh water zone where brackish water underlies fresh water tincluding the 
area lost between 1982 and 1989): 

o 	 The effective specific yield of the main fissure zone in where brackish water has 
replaced fresh water between 1982 and 1989 is 0.2. 

o 	 The main fissure zone is only 10 metres thick and limited to the area overlain by 
fresh groundwater. 

o 	 The effective specific yield of the intergranular limestone within the Baleed 
Member, outside of the main fissure zone, is 0.05. 

o 	 The bottom and top of the brackish water zone is defined as the base of the Baleed 

Member and the water table/ fresh water respectively. 

o 	 The main fissure zone is only 10 m thick and exists only under fresh water zone. 

2) Outside of the fresh water zone: 

o 	 The effective specific yield of the limestone within the Baleed Member is 0.01. 
This value is lower than the 0.05 used in the fresh water zone.. 

" 	 The bottom and top of the brackish water zone is defined as the base of the Baleed 
Member, or the saline interface where it is higher, and water table. 

On the basis of the available data, large scale borehole abstraction of brackish water in 
those areas on the plain outside of the fresh water zone by boreholes is not considered 
economically viable, due to the large number of borLholes required and the anticipated low 
aquifer yields. Boreholes do exist at Sahalnawt and Razat Farms but these are low yielding 
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and are blended with bore or spring water drawn from the Eastern Jebel Front prior to
 
using the water for irrigation.
 

Recent MWR drilling has identified several high permeability zones in the eastern Salalah
 
Plain, but this groundwater is saline and its relationship with the Eastern Brackish Zone is
 
at present unclear. The results of the current investigation should be reviewed at the earliest
 
opportunity.
 

Other areas where significant brackish groundwater reserves may exist adjacent to the 
Salalah Plain are the Western and Eastern Jebel Fronts. Preliminary exploratory drilling
undertaken by MWR had identified several potential water bearing sites to the west and east 
of the fresh water zone close to the Jebel Front. Further work is required in these areas, 
but a very preliminary estimate of the amount of brackish groundwater held in storage
along the Western Jebel Front is about 120 million cubic metres. This is based on a one 
kilometre wide fractured and fissured zone, extending 20 kilometi-s along the Jebel Front 
with a specific yield of 0.15 and a saturated aquifer thickness of 40 metres. Examination of 
hydrographs in thc brackish zone indicates that water levels fluctuate in response to Jebel 
rainfall and there is annual recharge to the Western and Eastern Jebel Front areas. The 
potential of these areas is discussed further in Section C.3.4. 

C.3.2 Surface Water Reserves 

On the Salalah Plain, surface water sources exist either as springs along the Jebel Front,

where the fissured limestones overlie the low permeability units, or as khors which have
 
developed at the coastal exit of the wadis and are a surface expression of the underlying
 
water table.
 

Wadi channels exist across much of the Salalah Plain. Although they are fossil features of 
an earlier pluvial period, surface flow does occur along part or all of the wadis as a result 
of heavy rainfall. Generally the water rapidly infiltrates to the water table and contributes to 
groundwater reserves. In addition surface flows in the wadi channels tends to be limited 
and in a median year cannot be relied upon as a major component of the surface water 
reserves. 

C.3.2.1 Springs 

Springs exist at several locations along the Jebel especially where the fissured limestones of 
the Umm Er Radhuma Formation overlie the low permeability Cretaceous units. The flow 
paths to the springs probably follow cavernous zones developed along joint and fault lines. 
Over time, the movement of water has encouraged the dissolution of the rock and increased 
the area contributing to spring flow. In some cases, the degree of dissolution has reduced 
springflow by eroding vertically downward to the next fracture horizon causing the spring 
to dry up and the water to move as subsurface flow below the former spring. This 
phenomena exists in Wadi Nahiz where there are several spring heads at different 
elevations along the wadis. 

There are five major perennial springs flowing on to the Salalah Plain. Table C.5 
summarises the minimum average and maximum annual flows for each spring. 

Under natural conditions, the spring water flows along the wadi bed for a short distance 
before infiltrating completely into the wadi gravels. Traditionally, this water is diverted 
into afalaj (lined channels) and used for agriculture prior to infiltration. The water quality
of the springs is good with electrical conductivity in the range 550 to 750 microsiemens per
centimetre and is suitable for potable use. 

On the basis, of the available data, the average annual flow from these springs onto the 
plain is 9.8 Mcm, which given the high quality of the water represents a significant 
resource. 
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TABLE C.5 Major Spring Flows 

Spring Period of Annual Flow (Micm)
 
Record
 

Average Max. Min.
 

Sahalnawt 1977-1990 3.12.0 1.0
 
Garsiz 1976-1990 1.1 1.7 0.6
 
Arzat 1976-1990 5.3 5.4 4.4
 
Harnran 1976-1990 0.7 1.0 0.4
 
Tobruk 1990 0.7 - -

Total Annual Average Flow 9.8 

C.3.2.2 Khors 

Khors are surface bodies of brackish water which exist at the mouth of the wadis and are 
usually separated from the sea by a sand bar. The khors are fed primarily from 
groundwater seepage on the landward side. Some of the khors were previously used for 
irrigation but stock watering is the main current use. Sampling completed in March 1991 
towards the end of the dry season when salinity values tend to be higher indicates a wide 
variety of salinity levels ranging between 2800 and 20000 microsiemens per centimetre. 
Table C.6 summarises the details of those khors where the salinity is low enough for use 

either as irrigation water for salt tolerant crops or stock watering. 

TABLE C.6 Khors With Reserves 

Khor Name MWR Surface Estimated Salinity EC Potential Use 
Reference Area Volume (uS/cm) 
Number (ha) Mcm 

Awqad AD842808 7 0.014 7300-13500 Stock Watering 
(W.Khor) 
Salalah AD880817 24 0.24 8900 Stock Watering
Baleed AD956826 15 0.15 2800-16600 Irrigation
Samli BD158859 23 0.23 7400-12300 Stock Watering
Taqah BD200855 35 0.525 4200-8700 Irrigation
Rawri BD270848 60 1.2 4000-7200 Irrigation 

Total 2.36 
Mcm
 

Khors Awqad, Salalah and Balid with a total estimated volume of 0.5 Mcm are the only
khors in the central portion of the plain near agriculture development where khor water 
could be substituted for the existing low salinity groundwater sources. Previous studies 
(Taylor 1985) have noted that the salinity of khor water improves with pumping. This may
be due to the replacement of high salinity standing water subject to evaporation, by the 
inflow of relatively low salinity groundwater. Alternatively it may relate to the 
development of cemented beach deposits on the seaward side of the khor which inhibit the 
migration of saline water into the khor, thereby increasing the relative contribution from 
low salinity groundwater. 

C.3.3 Development of New Water Sources 

The Consultant's analysis and interpretation of the hydrogeological data confirms that the 
fresh groundwater reserves of the Salalah Plain are threatened by intrusion of 
saline/brackish groundwater and over-abstraction. The identification and development of 
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additional water resources on the plain is of critical importance to the future development of
 
Salalah.
 

These resources should not be restricted to fresh groundwater, as brackish groundwater
 
also represents a resource which in many areas is underutilised.
 

C.3.3.1 Fresh Groundwater Sources 

The potable water supplies for Taqah and Mirbat are derived from two wellfields drilled at
 
the base of the Wadi Darbat catchment at the eastern end of the Salalah Plain.
 

The aquifer is a porous limestone of moderate permeability. The capacity of the aquifer is
 
limited by the close proximity of the coast and the potential for sea water intrusion.
 
Attempts to increase the yield of the aquifer by lowering the pumps in the wells have been
 
unsuccessful because this has induced upconing of saline groundwater.
 

The Wadi Darbat catchment covers approximately 400 square kilometres and is influenced
 
by regular monsoonal precipitation. Springs in the catchment produce sufficient flows to
 
maintain perennial fresh water pools on the low permeabi!ity limestone which underlies the
 
wadi. Although some of this water is being tapped by the wellfields downstream, the very

size of the catchment suggests that groundwater may be moving to the sea along paths
 
which are currently unidentified.
 

To the west of Wadi Darbat the springs of Hamran and Tobruk represent flows emanating
from other Jebel catchments north of the Eastern Salalah Plain. Broad wadis cross the 
plain below the Jebel scarp with green vegetation suggesting the presence of a shallow, 
brackish water table. Exploratory drilling is recommended in these areas to assess their 
potential for supplying additional water for potable use on the Saalah Plain. 

C.3.3.2 Brackish Groundwater Reserves 

The Consultant considers that brackish groundwater could become an important component
of the future water supply to the Salalah Plain, supplying Salalah with additional potable
supplies by blending with fresh water from the existing wellfields. 

Brackish water reserves underlying the central plain either side of the fresh water .'one are 
estimated to be approximately 153 million cubic metres. A large proportion of this ', ,er is 
contained within the fissures and solution channels of the Baleed Member. In the bracl ih 
water zone on either side of the Central Salalah Plain, the solution features are infilled ith 
clays and silts which restrict groundwater movement and considerabl,, reduc tlhe 
permeability of the formation. On the basis of the available data, large scale ah ,tracilon of 
brackish water in these areas by boreholes is not considered economically viabhk, due to 
the large number of boreholes required and the anticipated low aquifer yields. 

Other areas on or adjacent to the Salalah Plain where significant and exploitable brackish 
groundwater reserves may exist include: 

The Western Jebel Front 

The Eastern Jebel Front 

The Wadi Adawnib Catchment 

Figure C.25 shows the location of the Western and Eastern Jebel Front and the position of 
deep exploration bores drilled by the Ministry of Water Resources (MWR) throughout the 
Jebel Front area as part of previous investigations. Table C.7 summarises the available 
data for all these bores. 
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TABLE C.7JebWl Froat Exploratio Bore Data 
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C.3.3.2.1 The Western Jebel Front 

Exploratory drilling and limited test pumping by MWR in this area have identified several 
potential water bearing sites to the west of the fresh water zone close to the base of the 
Jebel Front. In this area Cretaceous shales and Umm Er Radhuma limestones have been 
faulted against the younger Tertiary limestones of the Salalah Plain. 

Groundwater is present in both fractured and karstic limestones along the Jebel Front and is 
associated with the block faulting which formed the Jebel Al Qara. The aquifer is semi to 
fully confined with first water intersections varying between 90 metres and 150 metres 
depth. The depth of the aquifer zones as inferred from drillers reports and penetration rates 
is significantly greater than those reported for other bores in the fresh water zone and the 
wellfields. This indicates there are two separate aquifer systems along the Jebel Front: a 
shallow fresh water system in the central area which is linked to the central fresh water 
zone and a deeper brackish water system along the base of the western Jebel. The degree
of connection between the two systems is considered to be limited but needs to be 
confirmed by further exploratory drilling. 

Groundwater salinities between Jardum and Nahawr Atheet are in the range of 1400-2050 
microsiemens/cm, rising to 33 10 microsiemens/cm at Nahawr Asheeses. The progressive
rise in electrical conductivity toward Nahawr Asheeses suggests that recharge rates and the 
degree of flushing from the Western Jebel are lower than those adjacent to the fresh water 
zone between Wadi Garsiz and Arzat Spring. 

The results of preliminary pumping tests show that initial transmissivities are high,
indicating a significant degree of fracturing associated with the block faulting. Borehole 
Jardum No 2, for example, was test pumped at 963 cubic metres per day for 24 hours with 
a final drawdown of only 0.07 m. 

Further investigations are necessary along the base of the western Jebel to determine the 
lateral extent and degree of interconnection between the various fault systems before any 
definitive reserve estimates are possible. 

On the basis of the available data, a very preliminary estimate of the amount of brackish 
groundwater held in storage along the base of the western Jebel can be made. Assuming
that the fractured and fissured zone is one kilometre wide, extends 20 kilometres along the 
Jebel base west of the fresh water zone, has a specific yield of 0.15 and a saturated aquifer
thickness of 40 metres, the volume of potential storage is about 120 million cubic metres. 

The low salinity of the groundwater identified in this area indicates that there is active 
recharge of this fractured system. Figure C.26 compares the hydrograph for Thimrin IX,
located near the centre of the proposed study area with monthly rainfall data for Qairoon
Hairitti located at the top of the adjacent Jebel. Water levels rise rapidly during the 
monsoon season, between July and September, before declining progressively over the 
following 9 months. This confirms that there is annual recharge to the aquifer system in 
response to rain falling on the Jebel during the khareef. Therefore the potential of the area 
to provide long term supplies of brackish groundwater is good. 

C.3.3.2.2 The Eastern Jebel Front 

Two exploratory boreholes have been drilled at Khaysh and Hamran along the base of the 
eastern Jebel on the southeastern side of the fresh water zone. Groundwater is confined at 
Khaysh but unconfined at Hamran, with first water intersections at 171 metres and 41 
metres, respectively. Solution channels and cavities are well developed in this area, but no 
faulting has been identified. 

Groundwater salinities increase towards the southeast away from the fresh water zone,
rising from 1520 microsiemens/cm at Khaysh to 2550 microsiemens/cm at Hamran. There 
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is also a steep vertical salinity gradient in the Hamran bore, with salinities increasing from
2220 microsiemens/cm at 40 metres depth o 6000 microsiemens/ cm at 55 metres depth.
Transmissivity values based tests areon short-term pumping high (1000-3500 square
metres per day), reflecting the fissured and karst nature of the aquifer. The storage capacity
of the Eastern Jebel in this area is thought to be lower than that of the Western Jebel, but 
the groundwater quality, especially in the confined aquifer system around Khaysh, is very
good and would be a useful source of very low salinity brackish water (1500-2500
microsiemens/cm) for blending with groundwater frGm the Saada wellfield. There is good
correlation between the hydrograph for Khaysh I-X on the Eastern Jebel with rainfall data
from Qairoon Hairitti. Annual water level fluctuations vary between 0.5 and 2.0 m with a
rapid rise during the monsoon season (July-September), followed by a gradual decline. 
The observed fluctuations confirm that there is annual recharge from the Jebel into the
confined aquifer. Additional work is required to determine the long-term hydraulic
characteristics of the aquifer system and quantify the reserves of low salinity brackish 
groundwater. 

C.3.3.2.3 The Wadi Adawnib Catchment 

This catchment extends northwest from Raysut to the base of the western Jebel, east of
Nahawr Asheesses. Along the Jebel Front there are numerous perennial springs and water 
holes which support vegetation throughout the year. The thickness of the aquifer in this 
area is unkown, but is probably extensive given the fractured and fissured nature of the
limestone associated with the formation of the Jebel Al Qara. 

No bores are recorded along the far western Jebel Front in this area and the nature and 
quality of groundwater resources remain largely unknown. An exploratory drilling and
testing programme is necessary to evaluate the water resources along the base of the Jebel 
and determine their potential as a supplementary source of supply for the Salalah Plain. 

Similarly, no detailed studies have been completed on the groundwater resources of the
wadis downstream of the Western Jebel in this area. Some boreholes have been drilled 
along the lower portions of the wadis for non-potable military and commercial purposes.
Previous experience suggests that the water resources of the lower portion of the wadis 
may be limited. 

Groundwater conductivites generally range between 2000 and 3500 microsiemens/cm in
the wadi valleys, with values greater than 6000 microsiemens/cm on the higher plain. The
relatively low salinity of the groundwater suggests that there may be active groundwater 
movement through the wadis from the Jebel. 

Reported yields vary between 5.5 and 6.3 litres per second, but these may only reflect the 
pump capacity and not the true well yield. Further studies, including a shallow drilling 
programme, are necessary to determine the nature, extent and hydraulic characteristics of 
any aquifer units underlying the wadis and to quantify these brackish groundwater 
reserves.
 

C.4 The Water Budget 

C.4.1 Introduction 

Electrical conductivity profiles carried out by the Ministry of Water Resources indicate
significant salinity stratification in the aquifer. In many cases the profiles indicate low
salinity groundwater overlying high salinity water with a very abrupt transition between the 
two. It is the extent, dynamics and conservation of this fresh water body which is of critical 
importance to the Salalah Water and Wastewater Masterplan. 

The principal components of the water budget, including the interaction between the fresh 
water and the brackish water components, are shown in Figure C.27. The components 
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which are illustrated represent a net loss or gain to the fresh water system. The points of 
use of the water have been differentiated on the basis of the salinity of the underlying 
groundwater. Irrigation returns, potable system leaks and losses from septic tanks and 
soakaways are therefore only regarded as a loss from the fresh water system where the 
underlying groundwater salinity is brackish. If the underlying groundwater is fresh it is 
assumed that the infiltrating water returns to the aquifer. 

The discussion that follows is restricted to the fresh water budget. The budget can be 
summarised by the continuity equation, which balances inputs to the fresh water system 
with outputs from it and change in storage. The equation is simply expressed as follows: 

INPUT = OUTPUT +/-CHANGE IN STORAGE 

The fresh water budget does not include those spring flows which are diverted for 
agriculture in the brackish water zone. This includes Sahalnawt and Arzat springs. 
Hamran and Tobruk springs are also excluded since they do not contribute to the fresh 
water aquifer in the central plain. Thus the only spring to be included in the fresh water 
budget is Garsiz spring. 

C.4.2 Inputs to the Fresh Water System 

Recharge to the fresh water aquifer is derived from three sources - spring flow, rainfall 
infiltration and subsurface flow from the Jebel. Infiltration from runoff which occurs 
during occasional storms is not counted specifically because such events are irregular and 
cannot be relied upon for planning purposes. Records are available for spring flow and 
rainfall, but determination of subsurface flow from the Jebel is made difficult by the 
complexity of the karst flow system in the hills and the apportioning of the recharge to the 
fresh and brackish water aquifer. 

1. Spring Flow 

Springs issuing from the foot of the Jebel have historically represented a significant source 
of fresh water recharge to the Salalah Plain. However agriculture in the brackish water 
zones is now consuming most of this supply. Flows from Sahalnawt, Arzat and Hamran 
springs are excluded from the fresh water balance for this reason. 

Garsiz Spring emanates from the base of the Garsiz catchment and is diverted to the 
Ministry of Agriculture Livestock Research Farm in the centre of the fresh water zone. 
This flow is therefore counted in the balance. The Ministry of Water Resources have 
monitored flows at Garsiz Spring since 1977. The average flow is calculated to be 1.1 
million cubic metres per year. The flow is recorded using a current meter and, although 
there are concerns as to both the accuracy of the device and the validity of the rating, the 
figure is considered a reasonable approximation. 

2. Rainfall Infiltration 

The hydrograph analysis carried out in section C.2.3.4 indicated groundwater levels were 
more responsive to rainfall in the Jebel than rainfall on the plain. The only exception to this 
occurs in the event of significant rainfall and flooding of the plain, such as occurred in 
April 1983. It is assumed that 5 percent of the annual rainfall infiltrates to the water table in 
the unconfined fresh water zone. In 1)90 the area of the fresh water zone was 128 square 
kilometres and the annual rainfall was 85.4 mm. Recharge was therefore assumed to be 0.6 
million cubic metres. 

3. Subsurface From the Jebel 

The most difficult parameter to estimate in the fresh water budget is the volume of water 
which flows from the Jebel to the plain via subsurface paths. The Jebel is the principal 
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source of recharge for the aquifer underlying the plain but difficulties arise in quantifying 
this recharge because of the complexity of the flow system and the difficulty in tracking 
recharge. 

Groundwater recharge occurs primarily through the Umm Er Radhuma limestone, with 
some contribution from the overlying Dammam Formation. The limestones are cavernous 
and exhibit anisotropic nonuniform flow characteristics which are a typical feaiure of karst 
aquifers. The mechanisms by which recharge enters the aquifer, passes through the 
limestone and flows across the junction between the Jebel and the plain are not fully 
understood. The passage of water-through the aquifer in the Jebel cannot be described by 
conventional groundwater flow theory because of the preferential flow pattern and the 
extreme spatial variability of the aquifer. 

A method of ov'ercoming these difficulties is to use a lumped parameter model, although 
such a model requires data on inflows before outflows can be estimated. Recharge 
originates as precipitation in the Jebel which falls mainly during the monsoon season, but 
the quantity of precipitation that is absorbed by the aquifer - from both rainfall and occult 
moisture, has not been accurately determined. Any small change in these estimates can 
create large differences in recharge estimates since the catchment area is so large. 

A problem in the determination of recharge to the fresh water zone is the allocation of the 
inflows. The Salalah aquifer contains both fresh water and brackish water. Pumping
demands are placed on the brackish groundwater reserves, and resonably high hydraulic
conductivities have been recorded in many parts of the brackish water aquifer. It is 
therefore apparent that this part of the aquifer is receiving recharge from the Jebel, since 
there is no evidence for significant long term decline in water levels. 

The Jebel is the principal source of modem recharge on the plain and it is clear that it 
provides the source of replenishment of the brackish water reserves, either directly or 
indirectly. This process may occur by either flow of higher salinity water from the Jebel or 
by the solution of carbonates and chlorides and flushing of salt from the soils and 
sediments of the plain. In either process it is apparent that Jebel recharge is shared by both 
the fresh water and the brackish water zones, and therefore any calculation of flow from the 
Jebel can only be approximately apportioned. 

Two approaches were used to make estimates of flow from the Jebel - flow net analysis 
and computer flow modelling. 

Flow Net Analysis 

Potentiometric contours for the fresh water zone in June 1990 are shown in Figure C.28. 
The detailed contours indicate signs of stress in the aquifer as a result of pumping. The 
wellfield and the large fodder farms in the central plain are capturing a significant amount of 
flow from the Jebel. 

The e are limitations in deriving flows fron the head distribution in an aquifer that is highly 
anisotropic and non uniform. The head contours in Figure C.28 show that the flow is less 
affected by pumping in the Jebel Front area. Gradients are reasonably uniform and it was 
decided to determine flows through this zone using two values of average sectional 
hydraulic conductivity - k = 100 m/day and k = 150 m/day. These values are indicative of 
the range expected in the Jebel Front area, and conform to the limited pumping test data in 
that zone. 

The saturated thickness of the aquifer was determined using the structure contours for the 
top of the Hafah Member (Figure C.6). These contours are replotted in Figure C.28 in the 
Jebel Front area. 
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The fresh water zone shown in the figure is divided into uniform flow cells of one 
kilometre width and the average hydraulic gradient across each cell has been determined 
using the head contours. 

The flows derived using these parameters and applying Darcy's Law are given in Table 
C.8. The table shows that a flow between 24 and 36 million cubic metres per year is a
reasonable approximation. Taking into account head changes during the year, which affect 
saturated thickness, and the uncertainity associated with the hydraulic conductivity, an 
approximate value of 30 million cubic metres per year seems reasonable. 

Of particular interest on the flow net is the construction of the flow domains which 
represent capture zones for various abstraction points. An inflection point is located to the
south of the Salalah wellfield and is marked with an "X" in Figure C.28. In theory all flow 
in the capture zone immediately north of this point is abstracted by groundwater users in the 
central plain - the Salalah wellfield, Garsiz Farm and MAF. Recharge from flow tubes 2 to
8 and half of flow tube I is entirely dedicated to supplying these abstractions. The Salalah 
wellfield abstracted 6.9 million cubic metres in 1990 and agricultural consumption from 
Garsiz Farm and MAF is estimated to be 11.6 million cubic metres. The total abstraction is 
therefore 18.5 million cubic metres. Table C.28 shows that, calculating flow through the 
corresponding flow tubes at K = 100 m/day gives 15.9 million cubic metres per year and at
K = 150 m/day gives 23.9 million cubic metres. To derive a value of 18.5 million cubic 
metres per year would require an hydraulic conductivity of 116 m/day. 

The obvious limitation of this technique is that it assumes the flow system is in steady state.
In fact Figure C.28 shows the head distribution in June, when the aquifer is most stressed. 
The monsoonal recharge would provide additional recharge by elevating heads along the 
Jebel Front areas. Such processes require a more complex model than the flow net and for 
this reason numerical modelling of the flow system was carried out. 

Computer Flow Modelling 

The computer flow modelling of the Salalah Plain aquifer system is described in detail in
Section C.6. Flow parameters have been extracted from the calibrated model to assist in 
the fresh water budget calculations. 

The model was calibrated for an 8-year period between April 1982 and March 1990. Over 
this period the heads and salinities generated by the model were compared with measured 
values, and adjustments to aquifer parameters were made until an acceptable fit was 
obtained. 

The flow parameters which have been extracted from the model for use in the fresh water 
budget are inflow from the fresh water prescribed head boundaries, and outflow from the 
end of the low salinity zone to the sea. The average flows and variability within the eight 
years calibration period are as follows: 

- Recharge to fresh water zone = 30.7 million cubic metres per year with a range between 
28.6 and 35.7 million cubic metres per year. 

- Outflow to the sea front low salinity zone = 1.5 millhon cubic metres. This value has 
decreased consistently from a value of 4.4 million cubic metres in 1982. 
The Jebel recharge estimate and range agree well with the flow tube analysis. It is 
appropriate that the computer model figures be used since they represent 8 year averages. 

C.4.3 Outputs from the Fresh Water System 

Net losses from the fresh water system in the central Slalah Plain comprise three 
components - agricultural consumption, potable system losses and flow to the sea. 
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TABLE C.8 Groundwater Flow in the Jebel Front 

K= 100 150 

Flow Tube Hydraulic Sat. Flow
 

Gradient Thick.
 
(in) (Mm3/yr)


1 5.OOE-03 30 5.48 8.21 
2 5.OOE-03 25 4.56 6.84 
3 3.33E-03 20 2.43 3.65 
4 2.22E-03 20 1.62 2.43 
5 2.86E-03 20 2.09 3.13 
6 2.86E-03 15 1.56 2.35 
7 2.22E-03 7 0.57 0.85 
8 1.43E-03 7 0.37 0.55 
9 1.25E-03 15 0.68 1.03 

10 2.00E-03 15 1.10 1.64 
11 1.67E-03 18 1.10 1.64 
12 1.67E-03 20 1.22 1.83 
13 	 1.50E-03 24 1.31 1.97 

TOTAL 24.08 36.12 

Agricultural Consumption 

Agricultural consumption includes evapotranspiration and irrigation losses from cropslocated on the fresh water aquifer. The total consumption of water by agriculture has beenestimated in Appendix B at 57 million cubic metres per year, but a significant part of this isused in the brackish water zone. The proportion of this water which is consumed over thefresh water aquifer is shown in Table C.9. On the basis of aerial photography and MWRgroundwater salinity contours it is estimated that about half of the small farm areas alongthe coastal agricultural strip are located above the fresh water zone. 

TABLE C.9 Agricultural Consumption from the Fresh Water
 
Aquifer (1990)
 

Farm Source Area(ha) Consumption( Return 
Mcm/year) 

Garsiz Wells - Fresh 324 7.6 FreshBalid Fresh/ 12 0.3 Fresh/
Interface Interface
MAF Res Wells - Fresh 97 2.0 Fresh 

(Garsiz)

MAF Ag Res Wells - Fresh 42 0.9 
 FreshMAF Coconut Wells - Fresh 48 1.1 Fresh

Amenity Wells - Fresh 19 1.1 FreshRoyal Farms Wells - Fresh 	 79 2.0 Fresh50% Small Fresh/ 639 15.0 Fresh/
Farms Interface Interface

TOTAL 30.0 

Sahalnawt Farm diverts water from the fresh water zone by pumping from wells close toSahalnawt spring and using the water in the brackish water zone. This is an additional loss
of one million cubic metres per year. 
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In additior to large agricultural properties, there are also numerous private land owners 
who irrigate gardens with wells constructed in their properties. No detailed information 
exists regarding the number or water consumption of these gardens, but it has been 
estimated that there are approximately 30 ha of irrigated garden areas overlying the fresh 
water aquifer. This area of crop would consume, through evaporation and 
evapotranspiration, approximately 0.7 million cubic metres of water per year. 

The total consumption of water from the fresh water system is, therefore, as follows: 

- Crop consumption over the fresh water zone 30.0 
- Fresh groundwater diverted to the brackish water zone 1.0 
- Consumption of gardens on fresh water zone 0.7 

TOTAL 31.7 Mcm/yr 

Potable System Losses 

The Salalah and Sa'adah well fields abstracted 8.4 million cubic metres of fresh water from 
the shallow aquifer during 1990. The fresh watei piped to areas uiderlain by brackish 
groundwater is considered to be lost from the fresh water system. Those districts of the city 
which are either totally or partially underlain by fresh water are listed in Table C. 10, with 
their metered water use. 

Of the water which is piped to areas underlain by fresh water, losses occur through pipe 
leakage (which return to the aquifer), evapotranspiration from irrigated areas and domestic 
evaporation losses. The volume of water distributed over the fresh water aquifer is 5695 
m3 /day or 2.08 million cubic metres per year. 

TABLE C.10 Domestic Water Consumption Over Fresh Water Aquifer 

District Metered Use & Proportion on Use on Fresh 
Losses (m3 /day) Fresh Water Water Aquifer 

Aquifer (m 3 /day) 

AI Qoof 430 100% 430 
Al Zawiah 521 50% 260 
East Salalah 351 50% 175 
Town Centre 39 30% 12 
Sa'adah North 415 100% 415 
Sa'adah South 747 95% 710 
Dhariz North 607 50% 304 
Dhariz South 687 10% 69 
Farms 2 100% 2 
Al Robat 1073 100% 1073 
Al Balid 139 50% 70 
Al Haseelah 737 100% 737 
Salalah Airport 1438 100% 1438 
TOTAL 5695 

In calculating the losses of water in the fresl water zone it is assumed that 50 percent of 
public water use is for irrigation and 20 percent of industrial and domestic water use is for 
irrigation. Public water use is 57 percent of th,- total and industrial/domestic is 43 percent. 
It is further assumed that 75 percent of irrigation water is lost by evapotranspiration. An 
additional component, estimated at 10 percent of the total, is lost through evaporation and 
domestic activity such as carwashing. Therefore the losses are as follows: 
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Public irrigation consumption = 2.08 * 0.57*0.5*0.75 = 0.44 Mcm/yr 

Domestic/industrial irrigation consumption = 2.08*0.43*0.2*0.75 = 0.13 Mcm/yr 

Domestic water consumption = 2.08*0.1 = 0.21 Mcm/yr 

TOTAL = 0.8 Mcm/yr 

Total Potable Loss 

The total potable system losses from the fresh water aquifer are, therefore, as follows: 

Loss due to distribution to brackish zone = 6.3 Mcm/yr 

Loss in the fresh water zone = 0.8 Mcm/yr 

TOTAL = 7.1 Mcm/yr 

Flow to the Sea 

The fresh water zone extends from the Jebel to the coastal area of Balid where salinities rise 
as a result of mixing with sea water. Flow from the fresh water aquifer to the sea maintains 
the zone of low salinities. When overabstraction occurs the sea water interface advances 
inland, when there is an excess of groundwater flow the interface retreats towards the 
coast. Because sea water is heavier than fresh water, it forms a saltwater wedge in the 
coastal aquifer, with the low salinity water above it. 

The rate of flow to the sea below the fresh water zone was 1.5 million cubic metres in 1990 
according to the groundwater model, but the value was found to be decreasing each year.
This figure is therefore used in the fresh water budget. 

C.4.4 The Fresh Water Budget 

The fresh water budget is summarised in Table C. 11,showing a range of Jebel recharge 
values determined from the modelling and the flow net analysis. 

The table shows that the fresh water system is in deficit even when high recharge from the 
Jebel occurs. The average budget deficit of around 8 million cubic metres per year agrees
well with the observed change in fresh water storage. 

TABLE C.11 The Fresh Water Budget 

Flow Component 
Volume 

(Mcm/yr) 

Inflows Garsiz Spring 
Low 
1.1 

Mean 
1.1 

High 
1.1 

Rainfall Infiltration 0.6 0.6 0.6 
Subsurface Flow from Jebel 24 30.7 36 

Outflows Agricultural Consumption -31.7 -31.7 -31.7 
Potable System Losses -7.1 -7.1 -7.1 
Flow to Sea -1.5 -1.5 -1.5 

Balance -14.6 -7.9 -2.6 
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C.4.5 	Observed Change in Fresh Water Storage 

Change in fresh water storage occurs through two processes - the loss or gain of total 
aquifer storage through a fall or rise in potentiometric levels and the replacement of fresh 
water with saline water. In the case of the Salalah aquifer fresh water storage is being lost 
each year primarily through saline intrusion but also as a result of long term decline in 
head. The intrusion of saline water into the fresh water zone has been established by the 
monitoring of salinity in observation wells and the profiles of electrical conductivity which 
have been carried out by the Ministry of Water Resources. 

Between June 1982 and June 1990 heads in the central plain declined by an average 0.41 m 
over the fresh water zone. The area of that part of the aquifer isapproximately 128 square 
kilometres. Assuming a specific yield for the wadi alluvium and upper aquifer material of 5 
percent, the lossof 0.41 m of storage corresponds to a volume of 2.62 million cubic metres 
over tie 8 year period or 0.33 million cubic metres per year. 

To estimate the change in fresh water storage caused by saline intrusion the conductivity 
profiles for May 1983 and June 1989 were compared. Eighteen boreholes sampled 
indicated an average drop in thickness of the fresh water zone of 5.3 m. This intrusion 
occurs as a result of upward movement of the saline water interface. In this part of the 
aquifer the aquifer is assumed to be karstic and highly permeable with an average specific 
yield of 0.15. The area of intrusion is estimated to be 47.5 square kilometres. Therefore 
the volume of fresh water replaced by saline water is 38 million cubic metres over ihe 6 
year period or 6.3 million cubic metres per year. 

The loss of fresh water storage based on these data is therefore estimated to be about 6.6 
million cubic metres per year, on average, between 1983 and 1989. The deficit would be 
expected to be greater in the later years, and hence a value of 8 million cubic metres for 
1990 seems reasonable. 

C.4.6 	 Implications of the Fresh Water Budget 

The fresh water budget indicates a net loss from the system. The implications of this loss 
are: 

o 	 Resource reduction. The total fresh water resource is estimated at 339 million cubic 
metres. A net loss of 8 million cubic metres per year would mean a progressive 
loss of this storage. As population increases will place additional demands on the 
resource, it is expected that the size of the deficit will increase every year. 

o 	 Salinity increase. The most dramatic implication of the deficit budget is the effect 
on groundwater salinities in the fresh water zone. Since the water is being used 
mainly for agriculture, the only export of salt occurs through discharge to the sea 
which is estimated at only 1.5 million cubic metres per year. The potential for 
salinity changes in the aquifer is therefore acute and various scenarios are tested 
with the groundwater model in Section C.6. 

C.5 Impact of Industrial and Agricultural Activity on Water Quality 

Since the late 1970's there has been a significant increase in the number of boreholes 
constructed for the purpose of abstracting groundwater. Figure C.29 shows the 
distribution of production bores registered with MWR for municipal, government, 
agricultural and industrial purposes. These boreholes are constructed by drilling rigs, 
cased and generally 30 m to 100 m deep. The majority are located on the central plain and 
draw their water primarily from the underlying fresh groundwater. Besides the potential 
impact of the groundwater abstraction, there will be additional impacts on groundwater 
quality associated with the activities of the relevant groundwater users themselves. 
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The potential impacts on groundwater quality may be grouped into four general categories: 

o Saline intrusion; 

o Reduction in size of the fresh water resource; 

o Groundwater pollution from industrial and commercial activity. 

o Salinity increase due to agricultural practices; 

C.5.i Saline Intrusion 

Increased abstraction of groundwater from the fresh water zone since 1982 has 
significantly reduced the throughflow towards the coast. In response to these changes
there has been intrusion of higher salinity water both in the traditional fanning area and the 
main aquifer system. 

C.5.1.1 Traditional Farming Area 

Groundwater for the traditional agriculture strip along the coastal Salalah is normally drawn 
from large diameter (1-3 m) shallow hand dug wells concentrated between Awqad and 
Dhariz. Within this area approximately 600 wells exist. The agricultural groundwater is 
drawn from the coastal calcarenite deposits, connected by solution channels to the main 
aquifer system and, to a lesser degree, wadi alluvium. 

Water levels are less than 1m above sea level and the wells normally only penetrate the 
uppermost 2 to 3 m of the aquifer zone. A cemented zone of calcarenites exist, underlain 
by clays and marls and this may act as a base to near surface groundwater flow in the area. 
Due to the limited depth and wide diameter of these wells, they are drawing on the upper
low salinity groundwater zones and not the deeper saline zones that exist below the 
calcarenite. 

The MWR monitor EC on a regular basis at 87 locations along the coastal agricultural strip. 
Monitoring commenced in December 1988 and is undertaken quarterly. The wells are 
divided into two zones; a western zone extending from Salalah to Awqad and a central zone 
east to Dhariz. Since 1988 there has been a slight northward re!reat and contraction in 
width of the fresh water zone in the superficial deposits as defined by the 2000 EC contour, 
while the brackish water zone as defined by the 2000 and 5000 EC contours has advanced. 
Figure C.30 compares the average EC value for both zones during the two year period.
The western brackish zone shows a slight decrease in pumped salinity, while the eastern 
zone shows a distinct upward trend. Both sets of results clearly illustrate the importance of 
the khareef in lowering salinity either by reducing the demand for irrigation water and/or 
increasing recharge to the aquifer by infiltration of rain and storm water. 

As a result of the hydraulic connection of the coastal calcarenite aquifer with the Baleed 
aquifer unit, the slight landward migration of the fresh water zone in the superficial aquifer
implies reduced throughflow from the main (Baleed) aquifer to the coast, with a 
corresponding rise in the EC of the discharge water. 

C.5.1.2 Main Aquifer System 

As discussed in Section C.2.3, the fresh groundwater resources of the Salalah Plain 
primarily occur in the Baleed Member. They are associated with fissures and solution 
cavities that extend across the plain to the coast. These features facilitate the movement of 
fresh groundwater south across the plain, but saline water may also utilise the same 
features to move inland. This landward migration of the denser saline interface can occur 
against the overall hydraulic gradient in areas where water levels or aquifer throughflow are 
reduced by pumping. 
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Between 1975 and 1989, MWR completed a series of electrical conductivity profiles of

boreholes along the coastal margin and extending to the central plain. One profile line
 
extends from the coast at Dhariz northwest towards Garsiz Farm. Figure C.31 compares

the data for three time periods - February 1975, May 1983 and June 1989.
 

Over the 14-year period, there has been a significant landward migration of the saline 
interface, primarily by vertical mixing of saline fresh water and a reduction in the thickness 
of the overlying fresh water particularly in bores AD986306AA and AD986310AA. This 
represents a major loss of groundwater resources for the use by agriculture in the Dhariz 
area. The net rate of upward movement in bore AD986306AA is calculated to be 16
mm/day since 1983. At this rate the t "ole will be totally saturated with brackish water 
within 2 years. The cause of the salhie migration is attributed to the rapid increase in 
groundwater abstraction in the central plain both from the Salalah Wellfield and Garsiz
Farm. By reducing the aquifer throughiflow near the coast and modifying the structure of
the saline interface and associated transition zone, the saline water is "pulled" into the 
aquifer. Figure C.32 shows the thickness of fresh groundwater lost since monitoring
commenced in February 1975 utilising all available data. The amount of fresh wkr 
remaining in the bore in 1989 is approximately 25 percent of what was there in 1983. 

The recovery of the fresh water zone between June 1986 and May 1987 is attributed to the 
increased recharge to the aquifer from cyclonic rainfall and some surface flooding between 
June and August 1986. This infers that cyclonic raiastormn when they o cur on average 
once every 5-7 years, are significant in recharging the Salalah Plain aquifer but cannot be 
relied upon to be a major component of groundwater recharge in the median year. In the
short term these cyclonic events do help in reducing the impact of over-abstraction on 
groundwater quality in the coastal margin and movement of the saline interface. 

C.5.2 Contraction of the Fresh Water Zone 

The majority of the large scale production bores constructed since 1979 are sited in and
 
around the central plain areas overlying the fresh groundwater aquifer zone. Figure C.29
 
shows that most bores in the central area are for large-scale agriculture and public water
 
supply purposes, with a marked concentration of small-scale agricultural projects/farms in
 
the east between Saada and Wadi Sahalnawt. On the western side is Salalah airport and
 
several large military facilities which have restricted development.
 

Figures C.33 and C.34 show the electrical conductivity of groundwater pumped from all 
boreholes for the two periods 1981-83 and February 1991. Contours of electrical 
conductivity for 1000, 2000 and 3000 microsiemens/cm are plotted to outline observed 
trends. Comparison between the two figures illustrates that on the western margin of the
fresh groundwater zone where development and therefore groundwater abstraction is 
limited by the military/civilian airport properties, the salinity of the groundwater has varied
slightly. In the central and eastern areas, with the establishment of a commercial fodder
operation at Garsiz Farm and a proliferation of small agriculture holdings east of the
Thumrait road. there has been a rise in the salinity of the pumped groundwater. These rises 
are particularly severe in the Saada/Sahalnawt area where threefold increases are reported
over the 8-10 year period. Overall in the central and eastern areas the 1000 and 2000 EC 
contours have migrated approximately 3 km and 1.2 km west respectively. The impact of
this over abstraction on the fresh water zone underlying the Garsiz Farm/Saada district
since 1985 is shown in Figure C.35. The western boundary of the zone has remained 
stable during this time, while in Garsiz and Saada, where major development has occurred,
there has been a significant reduction in the overall thickness of the fresh water zone.
Upconing of brackish groundwater is particularly severe in the southern part of Garsiz 
Farm. 

The rise in EC values recorded in both the discharged groundwater and downhole profiles
reflects three processes by which the size of the fresh water reserves may have been 
reduced. 
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o 	 Overpumping of the resource inducing the lateral migration of brackish water into 
the fresh water zone, e.g. Garsiz Farm Extension; 

o 	 Upconing of denser brackish water underlying the fresh groundwater and a 
thinning of fresh water zones near the boreholes e.g. Saada; and 

o 	 Irrigation returns of higher salinity water reaching the water table from the 
agricultural areas. 

The change in thickness of the fresh groundwater resource between May !983 and June 
1989 which has occurred as a result of these processes, has been estimated on the basis of 
evaluation of regional EC profiles taken on dedicated MWR monitoring bores. 

Figures C.36 shows the extent of changes over the 6-year period and idicates the amount 
of fresh water resources lost during that time. The most significant changes occur on the 
eastern 	and south eastern margin of the fresh water zone with up to 35 metres of fresh 
water being lost from this system. The eastern margin corresponds to the area of increased 
agricultural activity encouraging the migration of brackish water from the east. The 
southeastern margin relates to the zone where, due to major abstraction in the central plain,
aquifer throughflow has reduced movement of the saline front and aIssociated brackish 
water from the coastal area. It is interesting to note that there has been a slight increase in 
the thickness of fresh water in the northern parts of Garsiz Farm, but a significant decrease 
in the south near the dairy complex.. The thickening of the freshwater suggests significant
over-application is occurring with recirculation of groundwater. 

On the basis of the 1983 and 1989 electrical conductivity profiles and the net reduction in 
water levels over the 6-year period, the amount of fresh groundwater storage lost from the 
fresh water zone totals approximately 50 million cubic metres, equivalent to 8.6 million 
cubic metres per year over that period. The marginal rate of loss may however be much 
greater. 

C.5.3 	 Salinity Changes due to Agricultural Practices 

Modem small and large scale agricultural practices on the Salalah Plain can impact on the 
fresh water resources in many ways including: 

" 	 Recycling of groundwater through irrigation with a corresponding cyclic 
concentrating of salts in the groundwater; 

" 	 Overuse of fertilisers relative to the nutrient holding capacity of the soil allowing 
inorganic nutrients to reach the water table. 

C.5.3.1 Groundwater Recycling 

Any water added to a crop over and above its evapotranspiration demand, will be returned 
to the ground and may eventually reach the water table. A large proportion of the dissolved 
salts contained in the groundwater used for irrigation will not be absorbed by the plant, but 
will precipitate either on the surface of the plant or on the ground. Over a period of time,
either by rain or irrigation water, these salts will be concentrated, redissolved and flushed 
through the unsaturated zone before returning to the aquifer. 

On the basis of the current water demand for agriculture located on the fresh water zone of 
the central plain, and assuming an average salinity of 400 mg/l Total Dissolved Salts 
(TDS). approximately 5,720 tonnes of salt is being added annually. In large agricultural
operations like the Dhofar Cattle Feed Company, groundwater abstraction has created a 
localised drawdown cone in the upper part of the aquifer. As salts are flushed to the 
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aquifer they will be added to the existing dissolved salts and the overall salinity of the 
groundwater will rise. 

Assuming 40 percent of the total volume of the fresh water resource underlies agricultural 
areas (136 Mcm) and total mixing, this represents a salinity increase of 42 mg/l per year.
This figure will increase further where overpunping on the margins of the fresh water 
induces saline upconing into the bore with a marked rise in the salinity of the discharge 
water. The results of current MWR monitoring at the Garsiz Farm Extension indicate 
upconing of brackish groundwater and recycling of groundwater is taking place with 
increasing salinities at the top and bottom of the conductivity profiles but stable values in 
the centre. 

C.5.3.2 Overuse of Fertilisers 

There is extensive use of fertilisers on agricultural land throughout the Salalah Plain by 
government, commercial and private enterprises. The government subsidises 50 percent of 
the inorganic fertiliser and pesticide requirements of the small holders. 

Although many of the soils used for agriculture are imported from other parts of the plain,
their organic content is low and must be supplemented by the reqular addition of organic 
manure. On average for small holdings, 20 to 40 tons is required per hectare annually.
The large commercial farms at Sahalnawt and Garsiz, due to their multi-cropping
production pattern, need to maintain higher levels of organic content in the soil. 

The organic material is necessary to improve the texture of the soil to absorb the fertiliser 
and release the nutrients slowly to the plants. Without sufficient organic material, the 
inorganic fertilisers can be flushed below the rooting zone to the water table. On the basis 
of the sample farm survey completed by the Consultant in April/May 1991, the average
annual application rate of organic manure on each of the 29 farms ranges between I and 9 
tonnes per hectare. The type of material being used for manure and the proportion of the 
sampled farms using it is given below. 

Manure Type 	 Percentage of
 
Farms Using
 

Animal Manure 80
 
Vegetable Mix 12
 
Compost 4
 
Dried Fish 4
 

The results indicate that insufficient organic material is being applied to the agricultural 
areas. Coupled with the irrigation efficiencies of the traditional agricultural areas which on 
average are 26 percent i.e., four times more water is being applied than required by the 
plants; there is considerable potential for the flushing of artificial fertilisers to the water 
table. From the Consultant's agricultural survey, the following data has been collected on 
the use of fertilisers on small scale farms. 

The results indicate there is significant over-application of artificial fertilisers throughout the 
agricultural area. Existing groundwater quality data confirms that nitrate concentrations are 
well above background levels indicating that nitrogenous fertilisers have percolated to the 
aquifer. The hydrochemical data base for Salalah is inadequate to fully assess the impact of 
fertiliser over-application on groundwater quality either in the main aquifer zone or the 
shallow coastal aquifer. The development of a comprehensive sampling programme is 
strongly recommended. 
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TABLE C.12 Use of Fertilisers-Traditional Farming Area 

Type of Fertiliser Percentage of 
Farms Using 

Recommended* 
Application

kg/ha 

Reported Application 
kg/ha from Farm 

Survey 

Urea 96 194 47-2553 

Potassium Phosphate 14 83 Unknown 

Superphosphate 7 77 158 - 890 

Assumes a I hectare fanning plot with the crop proportions similar to those of the 
overall traditional agricultural area 

C.5.4 	Groundwater Contamination from Industrial and 
Commerical Acitivities 

Within the Salalah metropolitan area there are in excess of 400 industrial and commerical 
operations which handle, store or use fluids, chemicals and materials which are potential
groundwater contaminants. Fortunately a large proportion of these operations are sited 
away from the fresh water zone and are concentrated in the New Industrial Area west of the 
airport. Although they do not present a direct threat to fresh groundwater quality they are 
significant because the contaminants can migrate through the groundwater to the traditional 
farming areas where the water maybe used for the irrigation of crops used for human 
consumption e.g., tomatoes, lettuce, onions etc. 

Outside of the New Industrial Area, a significant proportion of the operations take place in 
an area bounded by Sharia Robat in the north, Sharia Al Qoof on the west, Thumrait Road 
to the east and Sharia Al Salem in the south. The area is underlain by fresh groundwater
covering an area of approximately 9 square kilometres. Industrial activities include vehicle 
and engineering workshops, petrol stations and tyre stores. Large volumes of petroleum
products, e.g. fuel, oil and other chemical compounds, are used and present a major threat 
to the future availability of the iresh water reserves in this area. As part of the Consultant's 
data collection programme, visits were made to 73 sites, including all those operations
considered to be major potential sources of contamination by virtue of the volumes of 
material used or their toxicity. The purpose of the visits was to evaluate the collection, 
storage, use and disposal of various toxic materials. 

Figu;ie C.37 shows the location of the potential sources of major groundwater
contamination both within the fresh water zone and upgradient of the traditional agricultural 
area. These sources are grouped into several types: 

Petrol filling stations 
Vehicle repair shops 
Agrochemical stckists 
Dry cleaners/laundries 
Tyre repairers and suppliers 
Printing and photoprocessing 
Foam/PVC extrusion 
Refrigeration and air conditioning 
Airfield facilities 

In addition to these, the materials testing laboratory, and the electricity generating plant are 
also important potential sources. 
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These potential contamination sources are discussed in more detail in Chapter 7.0 of the 
Main Report and Appendix H. 

It should be noted that water samples were taken from the Salalah and Sa'adah Wellfields 
on December 4th 1991 was analysed for pollutants which may have emanated from the 
sources described above. The analysis results which are reproduced in Appendix 0,
indicates that no significant pollution is reaching the wellfields at this stage. These results 
should act as a benchmark for future reference and it is recommerded that sampling and 
detailed analyses of this type be carried out every 2 years as part of the monitoring of the 
water supply system. 

C.6 Groundwater Management 

The availability of water is one of the major constraints on the development of Salalah. 
This is highlighted by the results of the groundwater modelling, which indicate that the 
resource is being over-abstracted to such an extent that without effective groundwater 
management, water table levels will decline sufficiently in the fresh water zone to 
encourage major intrusion of saltwater. The management of these water resources requires 
an appropriate institutional and legal framework. The Ministry of Water Resources (MWR)
together with the Ministry uf Agriculture (MAF) and Ministry of Environment (MOE), is 
charged with the assessment, development, protection and management of the water 
resources in the Dhofar Governorate. 

In the formulation of future management policies for Salalah and the surrounding districts,
consideration should be given to the following conclusions drawn by the Consultant 
during the preparation of the Masterplan. 

o 	 Improvement in the community's overall efficiency and prioritising of its water use, 
is a significant strategy for the protection of the Salalah Plain water resources, and 
the human and natural environment which depends on them. 

" 	 Groundwater pollution from inappropriate land development and wastewater 
disposal is a matter of paramount concern, and needs to be addressed before major
contamination renders portions ot the fresh water zone unsuitable for potable or 
agricultural use. 

" 	 Residential design and development should be coordinated with water planning and 
management to take account of the existing water balance, water conservation,
preservation of environmentally sensitive areas and maintenance of existing
groundwater quality. 

o 	 Groundwater protection necessitates that a land use policy be developed as a 
framework within which municipal and government agencies can undertake their 
planning. 

o 	 Environmental compliance is one of the most important factors dominating 
groundwater management and should be the first factor to assess and establish 
before proceeding to set other management criteria. 

Effective management of the Salalah Plain aquifer requires a policy encompassing: 

o 	 Groundwater Resource Protection 
o 	 Groundwater Utilization 
o 	 Aquifer Management 
o 	 Monitoring of Aquifer Performance 
o 	 Monitoring of Groundwater Abstraction 
o 	 Periodic Review of Management Policies 
o 	 Budget Allocation for Groundwater Management 
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C.6.1 	 Groundwater Resource Protection 

Protection of the resource requires preservation or enhancement of the quantity and quality
of the available groundwater resource. At the present time such protection is nominally
afforded by the establishment of wellfield protection zones and the proclamation of 
management areas by MWR. The Salalah and Saada wellfields already have been
designated as protected zones. This policy should be extended to include the Taqah and
Mirbat wellfiel(s and become mandatory for all future wellfields. 

Policing of the protection zones is of major importance to the preservation of the resource. 
At the present time it appears enforcement is inadequate. Of major concern is the 
development of permanent Jerbeeb settlements within the green zone. In future, the
inhabitants of these settlements may expect provision to be made for water supply and the 
installation of septic tanks and soakaways. Many of these settlements are upgradient of the
wellfield and without proper control may jeopardise the potability of the fresh water zone.
It is the Consultant's view that further extensions of the Salalah wellfield should be closer 
to the foot of the Jebel, therefore any development in this area which may impact on the 
future availability or quality of groundwater, should be prohibited. 

The resource can also protected by declaring management areas in those portions of the
aquifer which are particularly susceptible to degradation, for example the traditional 
agricultural area, Saada and Wadi Sahalnawt. Within these areas, abstraction from the 
resource may be restricted by licensing well owners and attaching -appropriateconditions to 
licences. 

Groundwater quality protection is primarily addressed through compliance with MOE
regulations. MWR and MOE should coordinate their policing of these regulations. Land
planning is a key factor in maintenance of existing water quality and the CCEWR should 
form part of a consultative committee to minimise conflicts relating to water quality
protection and land use. Management of abstraction is the primary means of protecting the 
traditional agricultural area from seawater intrusion. Because the groundwater is relatively
shallow and unconfined, it is vulnerable to contamination and remediation is often
difficult. Under these conditions, groundwater quality protection should be afforded a 
higher priority than quantity protection. 

C.6.2 	 Groundwater Utilisation 

Throughout the Salalah Plain groundwater is used for a variety of purposes. Management
of groundwater utilisation is based on allocating water to a variety of competing users, all
of whom are placing increasing demands on a finite resource. In the formulisation of 
water allocation, it is important to involve representatives from each of the user groups in 
the identification and solution of problems that are of concern to them and perhaps more 
importantly that the final decision and allocation is considered to be fair. The management
of utilisation is concerned with defining sustainable aquifer yields, licence allocations and 
management of groundwater abstraction. These controls should aim at : 

o 	 Maintaining abstraction at sustainable levels without unacceptable deleterious 
effects, 

" 	 Allocating available resources for beneficial public and private purposes, while 
conforming to environmental requirements, and 

o 	 Sharing the resource in a non-contentious manner. 

The need for intervention is more critical in some areas than others, and the type and 
degree of control will vary. Therefore a 3-phase approach should be considered. 
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Phase 1- Be aware of any agricultural, municipal, military, town planning or industrial 
development which may impact on the resource or existing users. 

Phase 2- Proclaim a management area where the resources may be threatened in order to 
monitor, through licensing, increasing use of the resource aid subsequent behaviour of the 
aquifer. 

Phase 3- Where monitoring indicates abstraction is approaching the sustainable yield
introduce regulatory or restrictive controls. For example, in :he traditional agricultural area 
where over-abstraction is probably occurring, well meters should be installed at the 
Government expense. In addition, appropriate levels of irrigation requirements for each 
crop type should be determined and tariffs introduced for excessive over-abstraction. This 
could take the form of reducing the Government subsidy normally given to a farmer for the 
purchase of fertilisers and pesticides. An alternative to licensed water allocations is to 
apply the "crop-area method". This method requires specification of a crop area and type,
with an allocation of a standard water rate for that crop irrespective of the irrigation method 
used. 

C.6.3 Monitoring of Aquifer Performance 

A critical component of the management process is monitoring of the aquifer and its 
respon;e to the demands placed upon it. Fortunately the MWR has an excellent data base 
for monitoring changes in water levels and electrical conductivity over a large proportion of 
the Saialah Plain. This data base has allowed the Consultant to develop a complex
calibrated aquifer model which adequately represents the physical characteristics of the 
aquifer for the purposes of the Masterplan. The model has been used to predict the impact
of changes in land use and alternative pumping scenarios on the long term viability of the 
resource. The current model or other models with a similar capacity should be used,
updated and recalibrated as additional data become available to evaluate aquifer performance 
under a variety of different land uses and management strategies. 

Unfortunately by comparison, reliable groundwater quality data is lacking and a detailed 
groundwater sampling programme is necessary for major ions, agricultural and industrial 
contaminants. The sampling should be completed throughout the Salalah Plain, with 
specific reference to the fresh water zone, agricultural area and new industrial area. The 
lack of hydrochemical data represents a significant gap in the current understanding of the 
resource and is a major obstacle to effective resource management. 

C.6.4 Monitoring of Groundwater Abstraction 

The metering of groundwater abstraction is regarded by many water agencies throughout
the world as a necessary component of effective water management. This does not 
necesssarily entail the metering of all users, but should include: 

o large consumers of groundwater (> 50,000 cubic metres per year), 
o users where there may be some dispute over water use, 
o all users in a proclaimed management area, where abstraction levels are close to 

sustainable yield, or 
" in areas where metering will greatly assist in the management of the resource. 

MWR has initited a programme of well registration and compilation of a well inventory
for the Salalah Plain. Field verification is currently in progress to ensure that licences 
already isssued pertain to an existing well and not one to be drilled in the future at the 
owners convenience. This programme is fully supported by the Consultant. Appropriate
licence conditions regarding allocation etc, should not be restricted to new wells but should 
include existing wells. 
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C.6.5 	 Periodic Review of Management Policies 

The effectiveness of the management policy should be periodically reviewed: 

o 	 internally by MWR 
o 	 by the consultative committee comprising MWR, MOE, CCEWR, user groups and 

other government agencies, 
o 	 by a review of the cases brought before the Appeal Board against licence refusals 

or conditions. 

Where the management policy is no longer effective or fails to meet the desired objectives,
it should be revised. Where possible, land development planning should always remain 
compatible with identified beneficial uses of the resource while at the same time 
minimising risks. 

C.6.6 	Budget Allocation for Groundwater Management 

Direct financial costs will be incurred by MWR and MOE, which are the primary agencies
responsible for groundwater management. Indirect costs will also be incurred by users 
whose operations are being managed in terms of allocated water use and restricted levels of 
production. Where costs are involved in the management of the resource they should be 
minimised, but without jeopardising the effectiveness of the policy. 

The level of management and consequently cost, should be kept at the minimum necessan 
to ermure the preservation of the resource and adherence to the prescribed management
criteria. At present the resource is in due need of effective management and sufficient 
financial resources should be made available to those agencies responsible for developing 
the future management policy. 
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C.7 Groundwater Modelling of the Salalah Plain Aquifer 

C.7.1 	 Introduction 

C.7.1.1 Purpose of Modelling 

The projected future use of the Salalah Plain aquifer will form a cornerstone of the Salalah 
Water and Wastewater Masterplan. For this reason the response of the aquifer to various 
stresses such as pumping and recharge need to be understood. Preliminary work carried 
out by the Consultant suggested that the aquifer was in deficit, with abstraction from the 
fresh water aquifer exceeding recharge to it. This section presents the results of a 
mathematical model that was developed and calibrated to simulate the response of the 
aquifer to its proposed uses in the Salalah Water and Wastewater Masterplan. 

The objectives of the modelling were: 

I. 	 To establish a groundwater flow and solute transport model of the Salalah Plain 
aquifer. 

2. 	 To calibrate the model so it reasonably reproduces historic observations and to 
derive from the calibrated model estimates for aquifer recharge. 

3. 	 To use the calibrated model to predict aquifer responses under various water 
management conditions. 

C.7.1.2 Methodology 

The methodology adopted in this modelling study is illustrated in Figure C.38. A model 
domain was chosen and divided into a finite difference grid. Initial parameter values were 
allocated on the basis of the available data. Groundwater quality in the model was
represented and calculated in units of electrical conductivity (microsiemens/cm),
approximating the relationship between EC and concentration of total dissolved solids as 
linear. In the context of this report the terms electrical conductivity and salinity are 
interchangeable. In fact, the relationship, as determined from the average of analyses
carried out by the Ministry of Water Resources, is TDS (mg/I) = 0.64 * EC (uS/em). 

The model was then calibrated against historic groundwater level and salinity data using
both steady state and transient i'uns. Unknown parameters were varied during the 
calibration process until the modelling results were acceptably similar to observed data. The 
sieady state runs useui data based on the state of the aquifer in 1982. The heads and 
salinities obtained from the steady state runs were then used as initial conditions for the 
transient calibration runs that covered the period April 1982 to March 1990. Although an
earlier time could have been chosen for the start of the calibration, the selection of 1982 
was based on the fact that a significant amount of water level monitoring data began to be 
coll*.tcted at that time. 

Predictive simulations were performed once an acceptable match of modelled and observed 
heads and salinities had been achieved both for steady state and transient conditions. The
initial conditions for the predictive simulations were the calculated heads and salinities at the 
end of the transient calibration run. 
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C.7.2 	 Background to Mathematical Model 

C.7.2.1 General Description 

The modelling was carried out using TARGET2DH, which is a member of the proprietary
TARGET (Transient Analyser of Reacting Groundwater and Effluent Transport) family of
models developed by Dames & Moore. In essence it is a two-dimensional, vertically
integrated, confined/unconfined, transient, finite difference model of groundwater flow and 
solute transport. The site features that can be accommodated by TARGET2DH include: 

0 	 Physical mechanisms that influence hydrodynamics: 
- Regional or local recharge or discharge 
- Induced hydraulic pressure gradients 
- Confined and unconfined conditions, as well as changes from one to the other 
- Infiltration and evapotranspiration fluxes 

o 	 Material property variations (heterogeneous or anisotropic aquifers) 

o 	 Boundary conditions of various types:
 
- Supplied head boundaries
 
- Supplied flux boundaries
 
- Mixed boundary conditions 

0 	 Man-made features:
 
- Pumping well abstractions
 
- Wastewater disposal alternatives
 
- Artificial recharge from leaking pipes, etc. 

0 	 Mass transport mechanisms:
 
- Advection (transport resulting from hydraulic gradients)
 
- Dispersion (molecular diffusion and mechanical dispersion)
 
- Sorption/desorption of solute to/from soil
 
- First order decay of solute
 

The model appi ach and predictions have been reviewed and approved by many regulatory
agencies including the U.S. Geological Survey and the U.S. Environmental Protection 
Agency. 

C.7.2.2 Basic Assumptions and Limitations 

The major assumptions made in the development of the hydrodynamic equations of
saturated flow and solute transport for TARGET2DH and their limitations, in the context of 
the Salalah Plain, were: 

" The porous medium is deformable, but not consolidating. In other words, effects 
on storage capacity due to changes in water pressure are taken into account, but 
movement of soil or rock grains is neglected. 

o 	 Groundwater is compressible, but density changes due to compression are
neglected. This implies that changes in storage capacity due to compressibility of 
the groundwater are taken into account. Since the change in water density due to
compression, for most practical situations, is negligible compared to density
changes due to natural variations in water quality, this assumption does not limit the 
range of applicability of the method. 

" An empirical expression (Darcy's law) can be used tc relate macroscopic
groundwater velocity to the gradient of pore-fluid pressure. This is a limitation in 
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that flow through major fissures and karst zones may not be truly represented,
particularly on a small scale. 

" 	 Changes in storage due to changes in pressure are the result of both the elastic 
properties of the aquifer and groundwater, and drainage from pores. This 
assumption covers all possibilities for storage changes, ranging from confined to 
unconfined conditions. 

o 	 The pri.icipal directions of the hydraulic conductivity tenser are aligned with the 
Cartesian coordinate system adopted in the model. This assumption permits neglect
of the nondiagonal terms of the tenser but necessitates caution in selection of 
calculation domain orientation. 

o 	 The flow in the aquifer can be treated as essentially two-dimensional in the 
horizontal plane, that is, pressure heads in the model represent vertical averages of 
those in the aquifer. This is a limitation in that it docs not allow simulation of 
upconing of brackish water or saline water from the base of th! aquifer and does 
not allow the abstraction of, for example, water from the top of the aquifer only.
Vertical flows within the aquifer, or to the aquifer from underlying strata, are not 
explicitly simulated. 

o 	 The model does not simulate the storage of salts within the rock matrix and 
therefore the solution of sodium chloride from the rock matrix cannot be precisely 
simulated. 

o 	 Groundwater density and viscosity are assumed to be independent of solute 
concentration. This is a limitation of the model, when applied to the Salalah Plain,
due to the existence of a saline interface at the coast. Near the coast more dense 
saline water underlies the fresh water. The model neglects the density effects and, 
furthermore; 

o 	 Solute is assumed to be fully mixed over the saturated thickness of the aquifer.
Solute concentrations in the model represent vertical averages of those in the 
aquifer. This is a limitation of the model, particularly near the coast, where salinities 
change with depth. 

It is recognised that some of the above limitations could be improved upon by the use of 
more sophisticated codes such as three-dimensional or saline interface models. 
Consideration should be given to their use in the future. The applicatioo -f such models 
may provide a more reliable simulation of the aquifer systems but would require a 
considerable investment in terms of time and money to develop. Further information,
particularly concerning the vertical distribution of permeabilities, the storage properties of 
the layers and the geological structure and water quality distribution in the eastern and 
western brackish zones, would be necessary for the meaniyigful application of such 
techniques. The present model should therefore be considered as an initial step towards the 
development of a conceptual understanding of the flow mechanisms beneath the Salalah 
Plain and the formulation of an aquifer management model. 

C.7.2.3 Mathematical Formulation 

The mathematical formulation of the physical and chemical mechanisms incorporated in 
TARGET2DH is based on three main equations. These are: 

o 	 The equation of conservation of groundwater flow (ie. mass conservation of 
groundwater); 

o 	 Darcy's law;. and 
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o The equation of conservation of chemical product (solute) in groundwater. 

The equations are solved iteratively, using an alternating direction implicit solution 
algorithm, at a grid of nodes in the finite difference mesh. Convergence is tested during the 
iterative process to establish when a good solution is obtained and details of the 
convergence and mass balance summaries are printed in the TARGET2DH output files. 

C.7.3 Conceptualisation and Model Setup for the Salalah Plain 

C.7.3.1 Model Domain 

The active area included in the model domain is the majority of the Salalah Plain. It is 
bounded to the south by the coast and to the northwest and northeast by the 100 m 
elevation contour at the foot of the Jebel. The eastern boundary is east of Hamran Spring
and the western boundary is perpendicular to the coast and intersects the Jebel Front to the 
north of Raysut. In order to keep the domain rectangular, the model also includes inactive 
areas both out to sea and inland of the 100 m contour, as shown in Figure C.39. 

The orientation of the model was chosen to be parallel to the principal direction of structural 
activity and faulting in the region, that is from southwest to northeast along the foot of the 
Jebel to the northwest of Salalah. This was done because it was considered that the 
directions and locations of fault zones in the Salalah Plain and adjacent Jebel have been 
important in determining the main groundwater flow paths and high transmissivity zones in 
the aquifer. 

C.7.3.2 Aquifer Base 

The base of the aquifer used in the model was taken, over most of the domain, as the top of 
the Hafah Member of the Adawnib Formation, due to its relatively low hydraulic
conductivity in comparison with the overlying Baleed Member. Structure contours of the 
top of the Hafah Member are shown in Figure C.40. In the eastern Saada area, where 
some borehole logs suggest the top of the Hafali Member is above the water table, the base 
of the aquifer in the model was set within the Hafali Member so as to give a minimum 
saturated thickness of 5 metres. This was done because eastern Saada has a number of 
wells that abstract water from the Ilafah Member at a reasonable flow rate. 

The base of the aquifer was raised towards the coast to between 1.0 and 2.0 metres below 
sea level, thus thinning the aquifer in the model. This was done to take account of the fact 
that fresh or brackish groundwater flows to the coast above the underlying saline water,
that is itself relatively static. Contours of aquifer base used in the model are shown in 
Figure C.41. 

The top of the model was set at ground level because, although some pumping tests 
indicate a semi-confined aquifer response, the aquifer is basically unconfined. The aquifer
thickness, and hence transmissivity, varies according to the water table elevation. 

C.7.3.3 Finite Difference Grid 

The cell sizes used in the finite difference mesh were chosen after consideration of several 
factors, including the degree of hydraulic heterogeneity, the model domain size, the 
predicted resolution required, and the restrictions imposed by computational resources. 
The mesh used is shown in Figure C.39. It consists of 47 columns and 28 rows resulting
in a total of 1316 cells. The cell sides are each 500 metres in length around the areas of 
most interest and 1000 metres towards the edges of the model domain. Transient runs each 
required 1-2 hours of processor time to simulate a period of 8 years. 
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C.7.3.4 Boundary Conditions 

It was decided to use prescribed head boundary conditions for the northern boundaries of
the model, since historic head variations were known at Jebel Front monitoring wells. The
prescribed head boundary cells and the observation wells on which they are based are
shown in Figure C.42 and their labels, with the corresponding observation well number,
are given in Table C.13. The table also shows the average quarterly head values based on
the available data. These averages were used for back extrapolating boundary conditions 
where the length of record was insufficient. 

TABLE C.13 Average Prescribed Head Values 

Prescribed Head Well Average Heads (m)
 
Jan- Apr- Jul-Sep Oct- EC

Mar Jun Dec (uS/cm)
 

H I -Coast 0.50 0.50 0.50 0.50 50,000
H2- Garsiz AD 899220 AA 10.70 10.47 11.79 11.43 2,050
H3 - Nahiz AD 995525 AA 9.90 9.59 10.67 10.61 700
H4 - Sahalnawt BD 090625 AA 7.76 7.44 9.00 8.43 800
H5 - Arzat Average of H4 & H6 6.65 6.41 7.35 7.11 800
 
H6 - Hamran BD 094346 AA 5.53 5.37 5.70 5.78 1,400

H7 - Shair AD 894087 AA 
 8.96 8.68 9.41 9.39 1,400
H8 - Thimrin AD 881852 AA 9.15 8.88 9.41 9.47 1,400 

The southern boundary of the model was set as fixed head boundary H I at the coast and was given a constant value of 0.5 m. The coastal head was set above zero to account for 
the additional head caused by saline and brackish water underlying the fresh water at the 
coast. This is also in accordance with the fact that observed heads near the coast are
generally above about 0.8 m. An additional factor that may contribute to causing this is the
higher average sea level that exists during the khareef. 

The western and eastern model boundaries are approximately perpendicular to the inferred
hydraulic gradient and so were set as no-flow boundaries. 

To simulate changes in the prescribed head conditions over time, three-month averages
were taken from the observation bore data for each of thea seven variable boundaries, and 
these data were incorporated into the model input file. Three-month averages were used 
rather than monthly values, due to computer memory limitations. 

Associated with each prescribed head boundary is a salinity representing the inflow
concentration from the adjacent Jebel and the sea in the case of H 1. The concentrations of 
the prescribed head boundaries used are shown in Table C. 13. The values for H2 to H8 are
based on data obtained from the Jebel Front drilling carried out by the Ministry of Water 
Resources. 

For the predictive simulations the H2 to H8 prescribed head boundaries were replaced by
prescribed fluxes. The fluxes used were those derived from the transient calibration run. 

C.7.3.5 Internal Fluxes 

In many cells of the model there are a number of recharge and discharge processes
occurring at the same time. For example wells may be extracting water from the aquifer for 
irrigation, while additional water is brought in from a spring. The model requires a single
flux value for each cell and each time step. The flux is the sum of recharge (positive) and 
discharge (negative). 
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The entire model domain was divided into 32 types of areas, each having a different 
equation for total flux. The distribution of flux areas is shown in Figure C.42. Using a 
spreadsheet, these fluxes were calculated for each time step of the calibration period.
Salinities for cells with net recharge were calculated as the weighted average of all the 
individual component salinities. The components of discharge and recharge are discussed 
in the following sections. 

Abstractions 

Abstraction from the Salalah Plain aquifer occurs through groundwater pumping for public
supply and for agriculture. Groundwater pumped from the wellfields of Salalah and Saada
is redistributed across the plain through the piped network, much of it entering the aquifer
again as wastewater and leakage as defined in the following section. The volumes of
pumped groundwater used in the model were taken 	from DGWST records. Estimated
volumes for the predictive calibration simulations were based on the data in Table 3.3.5 of
the Basis of Planning Report. 

Agricultural consumption of water is a different process. The following methodology was
applied in the calculation of abstraction from the groundwater system in the agricultural 
areas: 

I. 	 It was assumed that agricultural and large garden areas are irrigated with water 
pumped from a well or wells located within the same cell as the area itself. 

2. 	 The values of net consumption for each main agricultural area were derived from 
Table 3.4.5 of the Basis of Planning Report and exclude the volume of water that 
returns to the aquifer. 

3. 	 To distribute the evapotranspiration loss quarterly through the year, consumption
rates were apportioned on the basis of variations in ETo throughout an average 
year. The proportions are as follows: 

January-March = 0.28
 
April-June = 0.31
 
July-September = 0.16
 
October-December = 0.25
 

4. 	 Eight separate agricultural areas were identified. These were: 

- Garsiz Farm
 
- Garsiz Farm Extension
 
- Sahalnawt Farm
 
- Razat Farm
 
- MAF Livestock Research Farm
 
- MAF Mixed Agriculture Farm
 
- MAF Coconut Plantation
 
- Small Farms (Coastal Agricultural Strip)
 

For each of these an average annual evapotranspiration loss per model cell was 
calculated as the product of the cultivated area and the net consumption of water per
unit area (as derived from Table 3.4.5 in the Basis of Planning Report), divided by
the number of model cells covering that property. This annual figure was then 
distributed through the year according to the relevant proportion factor (assumption
3 above). 
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5. 	 For small scale farmers growing a variety of crops, an average consumption figure 
was derived by apportioning the total consumption from all such farms according to 
the individual subareas. 

6. 	 Agricultural water consumption figures were calculated for 1990 using the above 
assumptions. 

7. 	 It was assumed that the consumptive use of agriculture changed through the 1982 
1990 calibration period according to the changes in area indicated in Table 2.9 of 
the main report. 

8. 	 Abstractions due to agricultural consumption occur from the flux areas labelled "N" 
in Figure C.42. These abstractions were assumed to be of pure water. The salt was 
all assumed to remain in the aquifer. 

Recharge
 

Recharge to the Salalah Plain aquifer comes from three primary sources: 

- Flow from the Jebel
 
- Rainfall on the plain
 
- Spring flow
 

Flow from the Jebel is the greatest source of aquifer replenishment. In the model this flow 
occurs across the prescribed head boundaries and is dependent on the local hydraulic 
gradient and transmissivity. The prescribed head input values were derived as described in 
the Section C.7.3.4. The actual volumes of throughflow from the prescribed head 
boundaries are computed by the model. These volumes are discussed in Section C.7.4.2 
and the throughtlows of the calibrated model were used as prescribed flux boundary 
conditions, replacing the prescribed head boundaries for the predictive simulations. 

Rainfall on the plain is regarded as a small recharge source that has been assumed to be 
uniform across the entire model area. For the model calibration it was assumed that 5 
percent of rainfall infiltrates to the aquifer and contributes to storage. Recharge from 
rainfall was assumed to have a salinity of 10 mnicrosiemens/cm. The rainfall data from 
Salalah Airport for 1982 to 1990 were used to determine these averages for each quarterly 
period of the calibration run. 

Spring flow is a significant contributor to groundwater recharge on the plain. The 
prescribed head boundaries in the model are located down-gradient from the emergence of 
the springs. The springs therefore represent new water over and above that which enters 
the model through the prescribed head boundaries. 

Records of spring flow exist for each of the four major springs that contribute water to the 
modelled aquifer. These springs, their salinities and the areas over which their water is 
used, are shown in Table C. 14. As a result of computer memory limitations, spring flows 
were also averaged over three month time periods in the model. 

The infiltration of wastewater and potable leakage is another component of aquifer recharge 
considered in the modelling. The estim'es of wastewater volumes for the predictive 
simulations were based on the data in Table 3.5.1 of the Basis of PlanningReport. Data for 
the calibration period, 1982 to 1990, were back-calculated front historic wellfield 
abstraction data for the period on the basis of wastewater flows and leakage in 1990. The 
1990 data for wellfield production, total consumption and wastewater volumes, as 
contained in Tables 3.5.1 and 3.3.5 of the Basis of Planning Report, imply that 20 percent 
of abstraction becomes leakage from the supply system, 50 percent becomes wastewater 
and 30 percent is lost from the system, not returning to the aquifer in any way. 
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TABLE C.14 Spring Water Usage 

Spring EC Area Used
 
(uS/cm)
 

Garsiz 670 MAF Livestock Research Farm 
Sahalnawt 600 Sahalnawt Fann
 
Arzat 730 Razat Farm, Marnoorah Palace
 
Hamran 560 Mamoorah Palace, Open Plain
 

The areal distribution of leakage and wastewater infiltration was set fbr the model on the 
basis of the proportions of the total in each of the districts listed in the tables referred to 
above. To do this, the districts were divided into six groups (A to F), according to their 
different estimated rates of leakage and wastewater infiltration per unit area. The allocation 
of districts into groups A to F is shown in Figure C.43 and their rates of infiltration are 
listed in Table C. 15. The two components were separated to allow predictive modelling of 
cases where proposed sewerage works would redirect and concentrate treated wastewater 
flow. 

TABLE C.15 Infiltration Rates 

ZONE A B C D E F TOTAL
 
(m3/day)
 

No of 500*500 cells 108 297 206 131 39 8
 

Leakage (m3/d/ceil) 
1982 0 1.0 2.6 5.2 13.0 46.9 2414 
1990 0 2.0 5.0 10.0 25.0 90.0 4629 
2000 0 3.1 7.7 15.5 38.7 139.4 7168 
2010 0 4.6 11.6 23.2 58.0 208.9 10744 

Wastewater (m3/d/cell) 
1982 0 2.1 6.2 14.5 46.7 51.9 6035 
1990 0 4.0 12.0 28.0 90.0 100.0 11638 
2000 0 6.9 20.8 48.6 156.3 173.7 20216 
2010 0 10.7 32.1 74.8 240.6 267.3 31107 

C.7.4 Calibration 

C.7.4.1 Introduction 

The calibration of a groundwater model is a critical element in the simulation process. The 
calibration of the Salalah model involved a two stage process - steady state followed by
transient simulations. The process is illustrated in Figure C.38. 

The steady state calibration was performed to match model heads and salinities against
observed data for 1982. The purpose of the steady state analysis is to allow the system to 
equilibrate and hence to give a stable starting base for the transient calibra'ion. Steady state 
is achieved when inflows to the model equal outflows from it without a change in heads. 
Although the flow system was not in true steady state in 1982, abstractions were 
considerably lower than today and there was no evidence of a groundwater deficit at that 
time. 
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C.7.4.2 Steady State Groundwater Levels and Flows 

Itwas assumed that agricultural consumption from small farms was 70 percent of its 1990 
value in 1982. This value was derived from Shankland Cox (1986). For the other 
agricultural areas, as detailed in Section C.7.3.5, water consumption quantities for the 
steady state model were calculated from the 1990 data, according to the agricultural areas 
present in 1982. These areas are given in Table 2.9 of the main report. Potable 
abstractions were set at the recorded values from the Salalah wellfield at that time and rates 
of leakage and wastewater infiltration were calculated from these as described in Section
C.7.3.5. Prescribed heads were taken as the average values from the monitored wells as 
shown in Table C. 13 and spring flows were taken as their averages over the 1982 to 1990 
period. 

The calibration was carried out by adjusting values of hydraulic conductivity until the heads 
reasonably matched those observed in March 1982. The steady state head distribution is 
shown in Figure C.44 plotted with the observed heads. It can be seen that generally the fit 
is quite reasonable. The steady state calibration produced the following values of flows at 
the prescribed heads: 

HI - 20.44 Mm 3/yr (variable salinity)
 
H2 6.21 Mm 3/yr (2,050 uS/cm)
 
H3 25.19 Mm 3/yr (700 uS/cm)

H4 3.65 Mm 3/yr (800 uS/cm)
 
H5 1.46 Mm 3/yr (800 uS/cm)
 
H6 2.56 Mm 3/yr (1,400 uS/cm)
 
H7 5.84 Mm 3/yr (1,400 uS/cm)
 
H8 2.92 Mm 3/yr (1,400 uS/cm)
 

The results indicate the dominating influence exerted by boundary H3 in supplying fresh 
water to the central plain. The outflow to the sea at boundary 1I- is also a significant 
component of the flow balance. 

C.7.4.3 Steady State Salinity Distribution 

Salinities across the Salalah Plain tend to increase from the Jebel to the coast, in the 
direction of groundwater flow. This implies that a source of salt must exist within the plain
in order to maintain a mass balance of salt. The addition of this salt would then increase the 
salinity of the groundwater as it flows through the aquifer. Without a source of salt the 
groundwater beneath the plain would be expected to have a salinity similar to that of the 
recharging groundwater at the Jebel Front. 

The results of the hydrochemical evaluation suggest that the solution of sodium chloride
from the rock matrix is the most important process affecting the quality of the water beneath 
the Salalah Plain. Although upward movement of saline water from depth could provide
similai water quality distributions, no evidence of the mixing of waters from lower 
horizons was indicated by the hydrochemical results. To simulate the process of salt 
distribution in the model a salt flux was applied at model nodes. The rates of salt flux are 
low and were determined during the steady state calibration process. 

The best agreement with the 1982 conditions in the steady state calibration was obtained 
when salt fluxes were omitted from the fresh water zone. It has been demonstrated that 
groundwater in the brackish zones increases in salinity towards the coast. This feature is 
incorporated into the model as a salt flux applied over the entire model domain except the 
central fresh water zone where there is no evidence of increasing salinities due to the 
dissolution of sodium chloride or diffusion of saline pore waters. It appears that continual 
flushing in this high permeability zone has removed most of the salts from the rock matrix. 
It is recognised, however, that no detailed informatio|: is available concerning the salt 
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concentration or leaching rates for aquifer materials across the plain. It is recommended 
that these aspects be investigated in future geological and hydrogeological investigations. 

Figure C.45 shows the modelled steady statu salinity distribution using a salt flux applied at 
a rate of 1.3 x 10-5 m/day and at an electrical conductivity of' 70,000 microsiemens/cm over 
the brackish water zones. This electrical conductivity Value was obtained by setting the 
initial salinity distribution in the model to the obset ed distribution and then varying the 
value of the EC of the salt flux in the model until the total mass of salt in the model matched 
that calculated from the initial salinity distribution. The rate, then, is that required for the 
total mass of salt in the model domain at the end of the steady state run to equal the total 
mass of salt calculated by the model from input salinity data for 1982. 

Plotted with the simulated steady state salinity distribution are the values of salinities 
observed in wells in 1982. The modelled results show general agreement with the observed 
salinities. It should be noted, however, that tile observed data do not necessarily represent
steady state conditions, particularly in regard to the effects of agriculture in enhancing
groundwater salinities. Furthermore the model islimited in the way it represents fluxes near 
the coast. In reality there may be outflow of fresh water occurring directly above inflow of 
saline water and the net movements of water and salt may be in opposite directions. In tile 
model each coastal node can have flow in only one direction at any one time. 

C.7.4.4 Transient Calibration 

The process of steady state calibration was run in conjunction with transient analysis, as 
shown in Figure C.38. Having first achieved a reasonable steady state calibration, the 
model was then run for 96 one-month time steps (8years) to simulate the aquifer between 
April 1982 and March 1990. The transient analysis showed whether the aquifer was 
receiving adequate flow from the recharge boundaries to match the demands made on it 
over the time period. If more water was required, the appropriate values of hydraulic
conductivity were altered and tile steady state model was run again to give a starting point
for the transient runs. For the transient model values of storage were also adjusted to 
achieve a good match with observed data. Through this process a distribution of aquifer
parameters was obtained that matched the requirements of both the steady state and 
transient cases. 

For the transient calibration, heads generated for five calibration nodes were compared with 
actual values from observation wells located close to the nodal point. Monthly time steps 
were used and the seasonally varying recharge and abstraction components and prescribed
head boundary conditions were updated on a quarterly basis. Thus each set of ooundary
conditions and fluxes prevailed for three time steps, each of one month duration. The final 
distribution of aquifer characteristics and the location of the calibration nodes is shown in 
Figure C.46. The locations of the observation wells on which the calibration was based are 
plotted in the same figure. Observed and simulated hydrographs for the calibration period
for the calibration nodes and corresponding wells are given in Figures C.47 to C.5 I. The 
plots show an acceptable correlation between observed and simulated levels. The 
differences are partly due to variance between the location of the nodal point of the cell and 
the actual observation well. The trends and annual cycles are reflected well in the nodal 
plots. The nodes located in the central plain area show significant variability during the 
year as a result of abstractions and boundary flows. Node (18,24) is located upstream of 
the abstraction points and its variability is mainly a result of changing heads at the 
boundaries. Node (23,21) is located within the Salalah wellfield and conforms to the trend 
of the observation well AD3880. Node (25,18) represents part of the Garsiz Farm and 
reflects the seasonal variations in agricultural water demand, as shown in the hydrograph
for AD55 17. 

As a check on the calibration, head contours and salinities were plotted at a particular time,
with the corresponding spot values recorded in wells. Figure C.52 shows a plot of the 
contours of the simulated March 1990 groundwater levels plotted with recorded values in 
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that month. Contours of groundwater salinity from the model for March 1990 are plotted in 

Figure C.53 and recorded values are also put on the same map. 

C.7.4.5 Analysis of Model Results 

The transient model provides information on groundwater inflows that assists in the 
understanding of recharge from the Jebel and flow across the plain. The annual and 
average flows derived from the transient model at each boundary are given in Table C. 16, 
along with the steady state flows. 

TABLE C.16 	Flows at Prescribed Head Boundaries - Calibrated Model
 
(Mm 3 /yr)
 

Year HI H2 13 1-14 H5 H6 H7 H8 
SS -20.4 6.2 25.2 3.7 1.5 2.6 5.8 2.9 
1983 -19.1 6.1 26.4 3.4 1.5 2.6 5.9 3.0 
1984 -18.5 6.2 25.0 3.6 1.4 2.2 5.8 3.0 
1985 -15.2 6.1 25.0 3.4 1.5 2.5 5.8 2.9 
1986 -12.7 6.1 25.4 3.4 1.5 2.6 5.9 2.9 
1987 -11.8 7.2 28.5 4.9 2.0 3.0 6.0 3.2 
1988 -11.9 5.8 24.4 3.3 1.5 2.8 5.5 2.8 
1989 -10.7 6.2 30.9 4.8 2.0 3.3 6.2 3.1 
1990 -12.0 7.3 29.4 4.2 1.8 2.8 6.7 3.4 
Aver -14.0 6.4 26.8 3.9 1.7 2.7 6.0 3.0 

The boundaries H3 and H4 are the contributors to the central fresh water zone, giving an 
average flow of 30.7 million cubic metres. The table shows how variable these flows are, 
being controlled by the groundwater levels in the Jebel Front areas. 

The flow system at the end of the calibration period is depicted in Figure C.54. The plot 
shows the flow vectors for each cell in the model domain. The vectors show the 
significance of the central high permeability zone in controlling flow from the Jebel. While 
the highest flows occur in the central plain, the model also indicates significant values in 
both the eastern and western Jebel front areas. To determine the actual flow rates within 
key areas of the model domain, the post-processing package POSTAR was used. 

The POSTAR program determines flow along a specified section of the model domain. 
Two section lines were chosen for analysis. These are shown in Figure C.54 and are 
labelled A-A' and 1-B'. Section A-A' is located across the fresh water zone in the central 
plain area and section B-B' is located parallel with the coast immediately downstream of the 
fresh water zone. Section A-A' is located upstream of any pumping demand and so 
indicates the flow from the Jebel in the fresh water zone. Section B-B' indicates the 
outflow from the fresh water zone to the sea. 

The flows through the two POSTAR section lines at the periods corresponding to March 
1982, March 1983, March 1984, March 1987 and March 1990 are represented in Figure 
C.55. The figure shows that inflow into the fresh water zone generally varied between 
80,000 and 94,000 m3/day. The variation in flows occurs as a result of heads in the Jebel 
front areas changing in response to variations in groundwater recharge in the Jebel. 

Flow to the sea shows a declining trend. For the total model, outflow at Boundary HI 
averages 14 million cubic metres per year, but only a small part of this occurs from the 
central fresh water zone. Flows through Section B-B' are shown in Figure C.55. At the 
southern end of the fresh water zone, where the zone of intermixin between fresh water 
and brackish water occurs, the outflow was estimated to be 4200 m-3/day at the end of the 
simulation period. This corresponds to approximately 1.5 million cubic metres per year. 
The POSTAR analysis, however, also showed that, as the consumption from the fresh 
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water zone increased between 1982 and 1990, the surplus flow decreased. If 
overabstraction continues then outflow to the sea may decrease further, resulting in 
widespread seawater intrusion in the transition zone. 

C.7.5 Sensitivity Analysis 

C.7.5.1 Basis of Analysis 

Sensitivity analysis was carried out on the calibrated model by adjusting a,uifer parameters 
and observing the effect on head distribution and flows and by simuiating changes in 
dispersivity and observing the effect on the distribution of salinity. 

The limits of the parameters tested in the analysis were set with reference to the flow net 
analysis carried out as part of the fresh water balance. This analysis suggested that 
groundwater recharge from the Jebel is between 24 and 36 million cubic metres per year. 
Since the calibrated model yields an average value of 30.7 million cubic metres per year, 
the model was tested, as part of the sensitivity analysis, within a band of +/- 20 percent of 
that flow figure. Since flow is directly proportional to hydraulic conductivity, the 
variations in inflow were achieved by adjusting hydraulic conductivity values accordingly. 

The sensitivity of the model to variations in storage was assessed by testing two models 
within a band of +/- 50 percent of the calibration storage value. The effect of dispersivity, 
which controls the diffusion of solute in groundwater, was determined by runthing two 
models with longitudinal and transverse dispersivity adjusted by an order of magnitude. 

The models tested in the sensitivity analysis are, therefore: 

SENS 1 - Calibrated model with all K values reduced to 80 percent of the original. 
SENS2 - Calibrated model with all K values increased to 120 percent of the original. 
SENS3 - Calibrated model with all S values reduced to 50 percent of the original. 
SENS4 - Calibrated model with all S values increased to 150 percent of the original. 
SENS5 - Calibrated model with dispersivity reduced to a tenth of the original. 
SENS6 - Calibrated model with dispersivity increased to ten times the original. 

C.7.5.2 Results 

The first two models were designed to test the response of the aquifer to the extremes of 
inflow that may be expected to come from the Jebel. The inflow to the fresh water zone in 
the central plain is taken as the sum of flows from the prescribed heads labelled H3 and 
1-14. The flows are given in Table C.17, along with those derived from the calibrated 
model. It can be seen that these flows approximate the range determined from the flow net 
analysis in the fresh water balance. 

TABLE C.17 Average Annual Flows at Prescribed Heads H3 and H4 -
Sensitivity Analysis 

Model Test H3 H4 H3+H4 
(Mm 3 /yr) (Mm 3/yr) (Mm 3/yr) 

Calibration K 26.8 3.9 30.7 
SENSI K*0.8 22.4 3.3 25.7 
SENS2 K* 1.2 31.3 4.5 35.8 

The heads at the end of the simulation for models SENSI and SENS2 are shown in 
Figures C.56 and C.57. The plots also show the actual measured water table levels in 
March 1990. It is apparent that adjusting hydraulic conductivities has a marked effect on 
heads. Comparing model SENS Iwith the calibrated model indicates that with the lower K 
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values heads fall by as much as 0.7 metre. When the higher K values are used ( model 
SENS2) the heads rise by as much as 0.4 metre above the calibrated heads. 

To quantify the effect of these changes, the deviation in heads (delta H) from the calibrated 
model has been determined for each cell within the model domain. Delta H is the difference 
between the head determined from the calibrated model and the head determined from the 
test models. The results of this analysis are shown in Table C.18. The value of delta H 
has been rounded to a single decimal place, and the percentage has been determined with 
reference to the total number of cells in the model domain (1316). 

The most significant deviation occurs in the central Salalah Plain where hydraulic
conductivities and abstractions are greatest. Figures C.58 and C.59 are cross sections 
through the centre of the domain. The section line, labelled X-X', is shown in Figures
C.56 apd C.57. 	The figures show the values of delta H at each cell along the section. The 
sections confinn the significance of varying flow. Model SENS I, with an inflow to the 
fresh water zone of 26 million cubic metres, shows a large area in the central aquifer zone 
with heads dropping more than 0.5 metre relative to the calibrated model. By contrast,
model SENS2, simulating recharge of 36 million cubic metres, shows heads rising above 
0.4 metre in the same central area. 

It can be concluded from these two model runs that the groundwater inflows to the plain
from the Jebel Front, as indicated by the calibrated model, appear to be close to the real 
values. An average annual fresh water recharge of 25.7 Mm 3 (SENS I) is less than reality 
because it would cause greater drawdowns than have been observed. Conversely, an 
average annual fresh water recharge of 35.8 Mm 3 (SENS2) is greater than reality because 
modelled heads for this average inflow are generally too high. 

TABLE C.18 	 Effect of Variations in Hydraulic Conductivity on Calibrated
 
Model
 

Delta H SENSI % of Total SENS2 % of Total 
(K*0.8) 	 (K*1.2)

No of cells 	 No of cells 
-0.4 	 219 16.6 
-0.3 	 140 10.6 
-0.2 90 6.8 
-0.1 4 0.3 141 10.7 
0.1 120 9.1 3 0.2 
0.2 67 5.1 
0.3 64 4.9 
0.4 61 4.6 
0.5 105 8.0 
0.6 146 11.1 
0.7 46 3.5 

The effect of adjusting specific yield was determined using the same technique cf head 
deviations a!ong cross section X-X'. The resulting section for model SENS3 is shown in 
Figure C.60. The plot shows that the effect is most pronounced in the eastern part of the 
central plain, but the values of delta -I are small in comparison with those derived by
adjusting K. For this model the maximum deviation is less than 8 centimetres. For model 
SENS4, where S was increased by half, the effect was less again, as shown in Figure
C.61. This section again shows the most sigiificant effect occurring in the eastern part of 
the central plain. 

The effect of variations in storage can also be seen in the time variant plots of heads. 
Figure C.62 shows the plots of the nodal hydrograph for the three models at node (23,21) 
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in the centre of the welifield and Figure C.63 shows the same type of plot for node 
(26,15). Both of these nodes are in the central area of the domain where head deviations 
due to different values of storage are the greatest. Both plots tell the same story. For the 
first half of the simulation period the heads diverge at times of ,quifer stress when levels 
are lowest. After time step 50 maximum divergence occurs twice a year at the peak and 
trough periods. 

The final sensitivity tests were carried out using adjustments in dispersivity. The altering
of dispersivity within a range of two orders of magnitude had a I rofound effect on some 
values of electrical conductivity, but most were found to remain relatively unchanged.
Quantitative analysis of the results of the two runs is of little benefit because of the wide 
diversity in the numbers. The assessment of the effect of dispersivity changes can best be 
made using the plots of the EC contours. Figure C.64 shows the plot of SENS5, with 
dispersivities reduced to a tenth of the calibrated values and Figure C.65 shows SENS6,
with dispersivities increased to ten times the calibrated values. The lower dispersivities
result in increased mobility of the salinity contours and significant expansion of the area 
with salinities less than 2000 microsiemens/cm, whereas increasing dispersivity results in 
higher salinities across the model domain. 

The effect of the adjustments in al' )arameters on salinity are illustrated in Figure C.66. 
The figure shows the changes in L., ztrical conductivity which are simulated to occur at 
node (26,15) under each of the sensitivity models. The models show a divergence from 
the starting salinity, with variations occurring within a band of about 500 microsiemens/cm 
at the end of the simulation. The exception to this is model SENS6, which produces much 
higher electrical conductivities in the second half of the simulation than the other models. 
This confirms the profound effect that increasing dispersivity has on raising salinity levels. 
The plot also sh -ws that seasonal fluctuations occur in each simulation as a result of 
variations in recharge and abstractions. 
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C.7.6 Predictive Simulations 

C.7.6.1 Introduction 

The calibrated model was used to test various water resource management alternatives on
the central Salalah Plain. These alternatives were described in the Masterplan Alternatives 
Report and comprise three basic components: 

- The operation of the welltield
 
- The disposal/reuse of wastewater
 
- The production of fodder
 

Each of the six predictive runs tested represents a combination of options. In all cases themanagement options were brought into effect in the third quarter of 1995, to simulate the
time necessary to implement the Masterplan recommendations. The runs span a 20-yeartime period and start from the heads generatd by the calibrated model for March 1990 and
finish in June 2010. Alternatives tested by the model were as follows: 

Model PR I - No sewerage ("No Action" alternative)

Model PR3 - Wastewater disposal at Wadi Daha
 
Model PR6 -
 Recharge of reclaimed water at Garsiz and in the agricultural strip
Model PR7 - Relocation of Garsiz Farm and recharge of reclaimed water

Model PR8 -
 Migration of a solute plume under the flow conditions of model PR7

Model PR9 - Relocation of Garsiz Farm and the MAF Livestock Research Farm and
 

recharge of reclaimed water. 

In these models the boundary HI remained as a prescribed constant head, but the Jebel
boundaries (H2 to H8) were not allocated prescribed heads, because such boundaries 
cannot be assumed to retain their levels throughout the simulation period. For thepredictive runs, prescribed flows derived from the 1982 to 1990 calibration period were
used at these boundaries, and rainfall figures were replicated on an 8-year cycle. This was
considered to give a better range and variability than taking average values. Spring flows were also determined on the basis of the records of flow from the 8-year period. Thedisposal and recharge of reclaimed water assumed a salinity of 1000 microsiemens/cm, and
predicted flow rates as determined Dy the Consultant. 

The impact of the various management alternatives can be assessed by observing predicted
changes in groundwater levels and .;alinities, and by determining cross-sectional flows.
For each of the predictive runs, plot., of salinity and head distribution at the end of thesimulation are given for a number of key cells. It should be noted that, because of two
dimensional limitations, the model may overestimate drawdowns in cases where upconing
of brackish water may replace some of '.he lost storage predicted. However the results arestill indicative of the degree of stress experienced by the aquifer under the various 
management options. 
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C.7.6.2 Results of Simulations 

a) Predictive Run PRI - No Sewerage ("No Action" Alternative) 

Assumptions 

This model tests the response of the aquifer to continued groundwater development with no 
change in the management of the resource and no installation of a sewerage system. The 
assumptions for this run are as follows: 

I. 	 Groundwater development proceeds according to the Consultant's predictions. 
Agricultural water use remains constant at 1990 levels but withdrawal of potable 
groundwater increases to meet the growing population demand. The pumpage from 
the aquifer would increase according to the following estimates: 

1990 23,747 m3/day
 
2000 37,975 m3/day
 
2010 57,772 m3/day
 

2. 	 Waste disposal continues to occur through septic tanks and soakaways in the 6 type 
areas of waste discharge used in the calibration phase. The volumes of water 
entering tnese type areas increase according to the Consultant's estimates. These 
total effluent flow rates have also been increased to account for seepage from the 
potable system. 

Results 

The predicted distribution of heads in 2010 is shown in Figure C.67. The figure 
shows that heads in the central zone may fall substantially as a result of the 
increased pumping from the wellfield and irrigation in the area. The salinity 
distribution in Figure C.68 shows salinities rising in the coastal zone and a general 
deterioration of groundwater quality may therefore be expected in this area. 

The drop in groundwater levels in the wellfield, as shown by cell (23,21) in Figure 
C.69 indicates the adverse impact of over-abstraction on the fresh water resource, 
and points to the need for management of the resource to control the decline. 

All of the nodal hydrographs indicate a generally falling trend in water table levels 
may be expected under this scenario. Of particular interest are the hydrographs for 
those cells located in the urban area such as (15,16), shown in Figure C.70. Those 
areas that receive the greatest benefit from septic tank leakage and wastewater 
infiltration, are predicted to still experience rising salinities and falling water table 
levels. In these cases the simulated heads are below sea level at the end of the 
simulation. Further evidence for sea water intrusion is evident in the cross-sectional 
flow analysis. 

Flow 	 Analysis 

The flow through cross section B-B', as shown on Figure C.54, is indicative of flow from 
the fresh water zone to the sea. Cross-sectional flow through the section was determined 
using the POSTAR program, and the results, plotted as daily flow rates in March every five 
years, are plotted in Figure C.71. The model predicts that flow through B-B' will decline 
significantly, becoming a deficit in 1995 and continuing to decline throughout the 
simulation. Such a loss, which may exceed 10,000 m3 /day (3.65 Mm 3/year) in 2010, may 
be taken up by sea water intrusion. 
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b) Predictive Run PR3 - Disposal at Wadi Daha 

Assumptions 

In this model, the disposal of reclaimed water from a wastewater reclamation plant at Wadi 
Daha to the west of Salalah, over a cell of area 100 ha, is simulated. This model assumes 
that operation of the disposal scheme will begin in 1995. 

Results 

This model again predicts lowering of water levels in the central plain, with the area of 
significant drawdown extending eastward (Figure C.72), and a large area with water table 
levels more than a metre lower than they are today. At the Daha disposal site, heads are 
predicted to rise by more than two metres. 

The salinity contours (Figure C.73) shom .alinities increasing up to 10,000
microsiemens/cm across a large part of the traditional agricultural area. The salinities in the 
western pliin are predicted to drop substantially as a result of the disoosal of the reclaimed 
water. The reason for this can be seen in the flow vectors that are plotted in Figure C.74. 
The plot shows the effect of the reduction in predicted throughflow, with seawater 
intrusion predicted in the central transition zone. 

The simulation shows that the effect of increasing abstractions from the wellfield and 
maintaining agricultural water use at 1990 levels will be detrimental to the aquifer.
Although the wellfield is able to continue to extract fresh water because of its proximity to 
the Jebel recharge source, downstream users may suffer rising salinities and degradation of 
the resource. 

Nodal hy'rographs generally show heads steadily declining and salinities increasing. The 
plot for node (7,21), shown in Figure C.75, shows the predicted beneficial impact of 
disposal at Daha on groundwater levels and salinities in the western plain. 

Flow Analysis 

The flow vectors in Figure C.74 indicate that flow to the sea across the entire model 
doT,.7n may significantly decrease under this option, except in the coastal area
downgradient from the Daha disposal site. The simulation predicts that the effect of 
removing this water from the central fresh water zone is to create a greater deficit that is 
supplied by both a drop in head and divergence of flow from the brackish water zores to 
the east and west and seawater intrusion. The cross-sectional flows are plotted in Figure
C.76. As expected, seawater intrusion is predicted to become a major problem, with 
inflows through section B-B predicted to be 15,000 m3 /day (5.475 Mm 3 /year) by the end 
of the simulation (June 2010). 
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Figure C.75 Nodal Hydrograph and Salinity for (7,21) - Model PR3 
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d) Predictive Run PR6 - Recharge at Garsiz and in Agricultural Strip 

Assumptions 

This model assumes that all reclaimed water is recharged to the aquifer in the agricultural
strip and at Garsiz Farm from 1995. The model simulates an even distribution of recharge
in the agricultural strip for nine months of the year and recharge at Garsiz Farm during the 
monsoon. 

Results
 

The model shows that the effect on the groundwater levels is virtually the same as for 
model PRI where no sewerage was simulated. This is to be expected since the recharge of
reclaimed water has the same effect as leakage from septic tanks and soakaways. The 
distribution of heads is shown in Figure C.77. 

The distribution of salinities is plotted in Figure C.78. The plot shows that salinities are 
predicted to improve in the coastal area compared with model PRI, but otherwise the 
distribution will remain the same. This confirms the benefit of recharge in the coastal zone 
in retarding saline intrusion. 

Further evidence for this can be seen in the nodal hydrographs in the coastal strip. Figures
C.79 and C.80 show the hydrographs for nodes (15,16) aid (20,16) respectively. Both
plots show a rise in the predicted water levels after 1995 as a result of the recharge. The 
effect on salinities is less pronounced, although still a slight improvement over model PR3. 
In spite if the benefits of recharge, the downward trend in water levels is again predicted to 
become more severe towards the end of the simulation period. 

Flow Analysis 

The predicted flows through section B-B' are shown in Figure C.81. The simulation 
suggests that outflow to the sea may still be negative after 1995, in spite of the rechargc. 
The flow rate is predicted to be almost 10,000 m3 /day (3.65 Mm 3/year) by the end of the 
simulation period. 
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e) Predictive Run PR7 - Relocation of Fodder and Recharge at Garsiz and 

in the Agricultural Strip 

Assumptions 

This is the same model as PR6, but recharge of reclaimed water is accompanied by
relocation of fodder from Garsiz Farm in 1995. This is the adopted Masterplan, since it
keeps the reclaimed water in the central fresh water zone and it removes a major consumer 
of fresh water, thus effectively increasing the supply available for higher priority users. 

Results 

The combined effect of these two major water saving measures on heads and salinities is
clear. Figure C.82 shows the distribution of predicted heads. The plot shows that the cone
of depression in the water table that was predicted by all of the previous models has now 
decreased considerably and simulated heads are above sea level across the entire plain,
although they are still predicted to decline in comparison with the 1990 values (Figure
C.52). 

The simulated salinities between the fres water zone and the coast, as shown in Figure
C.83, are also a substantial improvement over the previous predictions, although salinities 
in some of the coastal agricultural areas may rise. 

The benefit of combining aquifer recharge and relocation of Garsiz Farm can be seen in the 
hydrograph plots. The hydrograph for node (20,16), plotted in Figure C.84, shows the
predicted groundwater levels rising after 1995 to a mean level almost 0.4 metre higher than 
1990. Salinities at the same node are predicted to steadily decline to about 60 percent of the
simulated 1995 value by 1998. Similar effects can be seen at other nodes. Figure C.85 
shows the hydrograph plot for node (26,15) located east of the Thumrait Road in an area 
now threatened with saline intrusion. The plot shows that predicted heads may rise by as
much as a metre and salinities may fall after 1995. While all of the plots indicate an 
improvement in the aquifer over the next 20 years, there are signs, both in the hydrograph
plots and in the flow analysis, that by 2010 the aquifer may again be in deficit. Predicted 
levels at the end of the simulation period are starting to decline and predicted salinities are 
rising. 

Flow Analysis 

Cross-sectional flows are shown in Figure C.86. Flow through section B-B' is predicted
to be positive through the middle years of the simulation but seawater intrusion is again
predicted to become evident at the end of the simulation period. Although this intrusion 
into the transition zone is predicted to be small at that time (just over 1000 m3/day) the 
trend from the model suggests that seawater inflow may increase after 2010. 
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d) Predictive Run PR8 - Model PR7 with a Solute Plume 

Assumptions
 

This is the same model as PR7 in terms of flow, but all salinities are set at zero except the 
salinity of the recharge water, which is assigned a value of 1000 microsiemens/cm. The 
purpose of this model is to track the migration of the recharge water and test whether it will 
move upgradient as fa: as the wellfield. The model assumes water is recharged in the 
agricultural strip for nine months of the year and at Garsiz Farm during the monsoon. 

Results 

The migration of the solute plume can be seen in both the distribution of the electrical 
conductivity contours and the nodal hydrographs. The electrical conductivities have been 
converted to percentages of recharge water concentration and the predicted contours fcr 
September 2009 are shown in Figure C.87. This is the last period when recharge from the 
Garsiz site occurs over the duration of the simulation. The contours representing 0.1, 1,
10 and 50 percent recharge water coiceniration (ie. 1, 10, 100 and 500 microsiemens/cm) 
are shown. The plot shows the dominating influence of southerly groundwater flow in 
distributing the recharge water and indicates that concentrations at the wellfield would not 
be affected to any significant degree by the recharge water. The point at which the aquifer 
water concentration is predicted to be replaced by only 0.1 percent of the recharge water 
concentration is located approximately midway between the recharge site at Garsiz and the 
wellfield. 

Further confirmation of the minimal effect predicted at the wellfield is shown in the 
percentage concentration plots at nodes around the recharge points. Figure C.88 shows the 
variation at node (21,18), adjacent to the Garsiz recharge cell. The plot shows salinity
rising in response to 'he monsoon recharge each year after July 1995, to a maximum of 35 
percent recharge water concentration in 2009. By contrast, the salinity of node (25,18),
located 1500 metres east of the same recharge source, shows a more subdued response, as 
shown in Figure C.89. The plot still shows the pattern of cyclic response, but the 
maximum predicted level is 0.8 percent techarge concentration in 2009. 

Upgradient from the Garsiz recharge source, the effect of the solute plume is even less 
pronounced. Figure C.90 sh, ws the predicted response ai the node (23,21), located within 
the wellfield. The simulation suggests that salinity at this point would remain virtually 
zero. Downgradient there is an opposite effect. Figure C.91 shows the hydrograph 
response for node (15,14), local,-l within the area of influence of the recharge wells in the 
coastal strip. The salinities at tilis node are predicted to rise almost to the level of the 
injection water, suggesting close to 100 percent replacement of the natural water. 
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Figiure C.88 Recharge Conccntration for (21,18) - Model PR8 

Cell 25.18 - Predictive Run PR 8 - PR 7 with Solute Plume 
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Cell 23,21 - Predictive Run PR 8 - PR 7 with Solute Plume 
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Cell 15,14 -Predictive Run PR 8 -PR 7 with Solute Plume 
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Figure C.91 Recharge Concentration for (15,14) - Model PR8 
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g) Predictive Run PR9 - Relocation of Fodder From Garsiz and MAF Farms 

and Recharge 

Ass.amlt.on 
This is the same model as PR7 but irrigation of fodder ceases on the MAF Livestock 
Research Farm as well as the Garsiz Farm in 1995. Recharge of reclaimed water also 
begins at this time at the Garsiz Farm and in the agricultural strip. This option presents the 
maximum scope for water conservation in the central plain without affecting traditional 
agricultural users. Although the Ministry of Agriculture and Fisheries has argued to retain 
fodder production on the Livestock Research Farm, this model has been set up to show the 
additional benefits that would accrue to the fresh water aquifer if this farm was relocated. 

Results 

The effect of relocating fodder production from both Garsiz Farm and the MAF Livestock 
Research Farm, combined with recharging the aquifer, can be seen in the hydrographs and 
head contours. Figure C.92 shows the predicted distribution of heads after 20 years. The 
plot shows that levels in and around the wellfield will be between one and two metres 
above sea level at that time, the best outcome of all the predictive models. 

The salinity distribution (Figure C.93) is also predicted to be the most favourable, with 
conductivities in most parts of the aquifer either maintaining their 1995 values or 
decreasing. The exception to this is in the area between the traditional agricultural zone and 
the coast, where salinities are predicted to rise due to saline intrusion. 

The hydrographs highlight the benefits of recharge and water conservation. Figure C.94 
shows the hydrograph for node (20,16), located on Robat Road. The plot shows a rise of 
more than a metre after recharge and fodder relocation take effect in 1995. The same plot 
was also made for model PR7 (Figure C.84), which simulated recharge and relocation of 
only Garsiz Farm. The heads are predicted to rise an additional 0.2 to 0.4 metres as a 
result of relocating the MAF farm as well. In the wellfield itself, the hydrograph for node 
(23,21) indicates a rise of up to one metre may occur as a result of this management 
strategy (Figure C.95). To the east of Thumrait Road at node (27,18) the heads are 
predicted to rise by almost a metre and salinities are predicted to decrease by half (Figure 
C.96). 

Flow Analysis 

Cross-sectional flows are shown in Figure C.97. Again the very positive effect of this 
management strategy can be seen. Flow through section B-B' is predicted to be positive
throughout the simulation period, although at the end of 20 years, the flow is predicted to 
be lower than today. There is a trend of reducing outflow from the year 2000 onwards as 
population and water consumption increases. 
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Cell 20,16 -Predictive Run PR9 -Move Garsiz, MAF & Central Recharge 
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Figure C.94 Nodal Hydrograph and Salinity for (20,16) - Model PR9 

Cell 23,21 - Predictive Run PR9 - Move Garslzo MAF & Central Recharge 
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Figure C.95 Nodal Hydrograph and Salinity for (23,21) - Model PR9 
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Cell 27,18- Predictive Run PR9 - Move Garsiz, MAF & Central Recharge 
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Figure C.96 Nodal Hydrograph and Salinity for (27,18) - Model PR9 
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C.7.6.3 Discussion 

It is recognised that groundwater flow in the Jebel and beneath the Salalah Plain is made 
complex by the non-uniform and anisotropic nature of the aquifer system, particularly in 
the brackish water zones to the east and west of the central fresh water zone. In spite of 
this, the calibrated model was able to provide responses readily comparable with those 
observed on the plain over the period 1982 to 1990. This model has been used to predict 
the head changes that may occur in the aquifer as a result of the developments proposed in 
the masterplan alternatives that were considered as part of the study. Indications of the 
trends in salinity that may occur are also provided. However, due to the limitations of the 
modelling techniques used, it is recognised that absolute values of salinity may not be truly 
representative. 

The predictive simulations indicate that, without adequate management, the Salalah Plain 
aquifer will deteriorate dramatically over the next 20 years. The flow through section B-B' 
is a key indicator of the effect each management option will have on the aquifer. For 
simulations PR I to PR6 the cross-sectional flows are predicted to become negative by
1995, indicating intrusion of seawater into the transition zone between the fresh water 
aquifer and the coast. 

The Masterplan Alternative recommended by the Consultant and adopted by the Dhofar 
Municipality, has a two-fold strategy for conserving fresh water on the Salalah Plain 
elimination of water use by Garsiz Farm in the central plain and recharge of the aquifer with 
reclaimed water. Model PR6 predicts that recharge by itself will not be sufficient to halt 
widespread aquifer degradation over the next 20 years. Model PR7, which combines 
recharge in the central zone and relocation of Garsiz Farm, shows a more beneficial effect 
with the predicted flows through section B-B' remaining positive until the final years of the 
simulation. The model also suggests, however, that further action will be required at or 
before that time to maintain outflow and prevent intrusion of saline water. The seawater 
intrusion predicted in PR7 is about 1000 m 3/day in 2010. To offset this effect, other 
agricultural water demands may need to be examined. The relocation of the Ministry of 
Agriculture farms from the central plain and a reduction in amenity watering are actions 
which should be considered. According to the model, such actions may not be required for 
another 10 years, but they should be considered as management options that provide the 
potential to maintain water quality beyond the planning period. 

Model PR9 suggests that the relocation of fodder production from both Garsiz Farm and 
the Ministry of Agriculture and Fisheries Livestock Research Farm, combined with aquifer
recharge in the central plain, would ensure that an adequate potable supply could be 
obtained from the aquifer for the next 20 years. This is the best management option for the 
Salalah Plain aquifer, and the Ministry of Agriculture and Fisheries should give the moving
of their fodder farm urgent and serious consideration. Such action would not only improve 
the potable water supply situation for Salalah, it would also help to maintain groundwater
salinities at a lower level in the traditional agricultural areas, thereby maintaining the 
viability of small farms in Salalah. 

An alternative to reducing agricultural water use is to locate and exploit new water sources. 
Other sources which are proposed as prospective sites are aquifers in the Jebel Front areas 
and in the Wadi Darbat catchment. Both of these areas will require investigation over the 
next 10 years if the scenario of model PR7 is adopted. It is recommended that these 
investigations begin now irrespective of decisions that may be made later concerning 
agriculture. The best way to avoid the predicted saline intrusion is to adopt a combined 
approach of reducing agricultural water demand and locating new sources of potable 
supply. 

The simulation of the solute plume by model PR8 indicates that recharge water from Garsiz 
Farm will not migrate into the area of influence of the wellfield during the simulation 
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period. 	However, the model does suggest that recharge in the agricultural strip will replace 

the natural groundwater with high quality reclaimed water over the period of the simulation. 

C.7.7 	 Conclusions of Modelling 

1. 	 The shallow aquifer of the Salalah Plain has been simulated using a two 
dimensional finite difference groundwater flow and solute transport model, 
TARGET.
 

2. 	 The calibration of heads suggests an average annual recharge to the fresh water 
zone from the Jebel of 30.7 million cubic metres. The model indicates flow to the 
sea to be about 1.5 million cubic metres per year in 1990 but this figure is declining 
each year in the simulations. 

3. 	 The predictive models confirm the beneficial effects of reducing water demand from 
the central fresh water zone by stopping irrigation of fodder at Garsiz Farm. This, 
combined with recharge in the agricultural strip and at Garsiz Farm, provides the 
best scope for managing the aquifer system and protecting it from degradation 
caused by overdevelopment. If such action is not taken, the predictive models 
suggest a decline in groundwater levels and a rise in salinities. 

4. 	 According to model PR7, the relocation of Garsiz Farm combined with aquifer 
recharge in the central zone provides scope for maintaining a usable supply of fresh 
water for both potable and agricultural demands up until about 2010. However, 
further water conservation actions, including the relocation of agriculture and the 
exploitation of new water sources, will need to be taken at or before that time to 
ensure the preservation of the resource beyond the planning period. 

5. 	 The results of the simulation of a solute plume in model PR8 suggest that reclaimed 
water recharged into the aquifer at Garsiz Farm during the monsoon months and in 
the coastal agricultural strip, is not expected to be drawn back into the wellfield. 

6. 	 Although the relocation of fodder production from the Ministry of Agriculture and 
Fisheries Livestock Research Farm has not been included as part of the water 
conservation strategy in the Masterplan, the model suggests that such action would 
improve the water supply situation for Salalah to such an extent that new water 
sources may not be required over the twenty-year planning period. 

The model advances the understanding of the flow mechanisms beneath the plain and, 
because of the greater availability of data, improves upon the modelling work previously 
completed. The model should be seen as an initial step in the development of simulation 
techniques that will assist in the management of the water resources of the Salalah Plain. 
More complex models, better able to represent the processes of saline intrusion and 
upconing, for example, should be a natural progression from this work. 
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APPENDIX D COST ESTIMATES
 

D.A General 
All costs have been prepared using year 1991 as the baseline. Contractors' overhead and 
profit are included. Engineering fees are not included. However, an element of 
contingencies is included. 

D.2 Labour and Plant 
Dayworks cost of labor and plant have been compiled from a range of recent contracts in 
Salalah and Muscat, and from interviews with contractors. The rates shown in Tables D. I 
and D.2 reflect typical levels of pricing. 

D.3 Materials 
Costs of materials have been obtained from a number of sources including many local 
contractors, manufacturers and suppliers. The results are shown on Tables D.3 through 
D.7. 

D.4 Local Unit Costs for Construction 
Information presented in Table D.8 covers a range of typical work items which will be 
required for the project. Some of these costs are based on current Muscat and Sohar 
construction costs, adjusted to Salalah cost conditions. 

D.5 Estimated CDsts of Wastewater Facilities
 
Costs of facilities are estimated for each five-year time period corresponding to the
 
proposed construction stages and phases, and for each type of facility - house connections,

collection system of small sewers, trunk sewers, force mains, pump stations, treatment
 
facilities, and d.sposal facilities. These costs are base costs at 1991 prices, and include an
 
allowance of five percent for contingencies. Except where stated, no allowance is included
 
for cost escalation, engineering, or administration.
 

D.6 Estimated Costs of Water Supply Facilities
 
Costs are estimated in the same format and on the same basis as wastewater facilities,

covering costs of wells, distribution storage, major water mains, secondary d5-tribution
 
mains, and metered service connections.
 

D.7 Basis for Financial Projections

Year-by-year capital costs and O&M costs-for. 1991 through 2020 include allowances for 

-physical contingencies, engineering, and price escalation.." 

TABLE D.1 Average Daywork Costs for Construction Labour* 

Rials per hour 
Labourers 0.580 
Gangers 0.600 
Steel fixers 0.600 
Drain layers 0.600 
Carpenters 0.700 
Plasterers 0.700 
Masons 0.700 
Tile fixers 1.000 
Plumbers 1.000 
Electricians 1.000 
Cable jointers 1.000 
Painters 0.700 
Plant operators 1.200 
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*Note: 	 These rates are comprehensive and include: 
I. 	 Wages and all other costs and obligations of the employer under government 

regulations. 
2. 	 Site and offire supervision including foreman's time. 
3. 	 Site and heaJ office charges. 
4. 	 Profit. 

TABLE D.2 Dayworks Plant Cost* 

Excavator, 0.5 cu m bucket capacity
Excavator, 1.0 cu m bucket capacity 
Bulldozer, 165 HP D6 equivalent 
Grader, 130 HP 
Dumper, 0.5 cu mcapacity 
Dumper, 1.0 cu mcapacity 
Tipper truck, 10 Tonne 
Tipper truck, 20 Tonne 
Tandem roller, 6 - 10 Tonne 
Roller, 4 Tonne 
Concrete mixer, 0.2 - 0.3 cu m 
Water tanker, 2000 gallon 
Water tanker, 4000 gallon 
Water pump, 5 - 10 HP 
Mobile crane, 10 Tonne 
Mobile crane, 15 Tonne 
Portable compressor, 4.6 cu mn/minute 
Pneumatic hammer including steels 
Generator set, 50 kVA 
Generator set, 10 kVA 
Welding set, 300 A 

*Note: 	 Rates are comprehensive and include: 

Rials per hour 

6.500 
12.000 
8.000 

10.000 
3.000 
5.000 

10.000 
12.000 
10.000 
10.000 
4.000 
6.000 
8.000 
3.500 

15.000 
20.000 
3.500 
2.000 
8.000 
6.000 
2.500 

1. 	 Fuel, oil, lubricant and all o:her servicing, repairs and replacement cests. 
2. 	 Operator. 
3. 	 Site and head office overhead charges. 
4. 	 Profit. 

TABLE D.3 Unit Prices of Construction Materials* 

Material 

Cement 
Sulphate resisting cement 
Aggregate for concrete 
Sand for concrete 
Sand for beds and surrounds 
Formwoik - 12mm plywood 
High tensile steel 
Hollow building blocks: 

190 x i90 x 390 10.5 N OPC 
190 x 190 x 390 10.5 N SRC 

Timber: 
2-inch x 12-inch x 10-ft Red miranti 
2-inch x i2-inc x 13 ft White wood 

Compressible joint filler board 

Unit Unit Price 
(Rials)

Bag 1.000 
Bag 1.250 
cu m 1.300 
cu m 2.150 
curm 1.100 
Sheet 5.900 
Tonme 165.000 

No. 0.130 
No. 0.140 

No. 6.800 
No. 4.900 
sq m 1.200 

*Note: These prices are inclusive of all transportation charges and delivered to site. 
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TABLE D.4 Pipes Manufactured in Owan* 

A. 	 Uncoated Asbestos Cement Pipe (AC sleeve joint with rubber rings)

Price in Rial per metre length
 

Diameter, mm Class 12 Class 18 Class 24 
100 2.500 2.500 2.500 
150 3.299 3.805 4.597 
200 4.945 6.005 7.787 
250 6.187 8.117 9.729 
390 8.722 11.109 13.595 
350 11.527 15.575 19.073 
400 14.607 19.425 23.107 
450 17.357 22.520 27.045 
500 19.975 25.519 32.647 
600 28.423 35.221 44.271 
700 36.466 45.065 57.465 
800 49.345 59.861 78.744 
900 61.038 75.415 94.219 

1000 76.372 90.329 	 121.000 

B. 	 uPVC Pipes (Rials per metre length)

Diameter, mm BS 3505, BS 3505, BS 4660 
 BS 5481 

Class E Class C 
I5 Bars 9 Bars
 

100 1.820 1.190 0.765
 
150 3.965 2.450 1.445
 
200 6.052 5.200 
 - 2.155 
250 -  - 3.630 
300  - 10.500 
350  - 18.500** 
400  - 22.800** 
450  - 31.500**

*Notes: 	 1. Above prices are ex-factory (RusailI 
2.** Prices quoted for 350 mm- 450 mm are indicative 
only; these diameters are not manufactured currently. 

TABLE D.5 Imported Pipe Prices ex-works in 
U A E irhlnsmleLngth* Rials/metre Length 
Diameter, .nr.n Reinforced concrete pipe with built-in PVC liner: 

Class IV Class V Class IV Class V 
800 795.00 832.00 83.596 87.487 
900 944.00 996.00 99.264 104.732 

1000 1044.00 1131.00 109.779 118.927 
1100 1078.00 1207.00 113.354 126.919 
1200 1339.00 1484.00 140.799 156.046 
1400 1690.00 1854.00 177.708 194.953 
1500 1863.00 2095.00 195.899 220.294 

*Note: 9.51 Dirhams/Rial on 22/8/91 

TABLE D.6 Sewerage Materials Current Unit Prices 
(Rials) In Muscat 
A. 	 VALVES Unit Price 

Knife Gate Valves: 65 mm diameter 123.200 
100 mm 135.460 
200 mm 261.525 

Swing Check Valves: 	 65 mm diameter 280.000 
100 mm 372.712 
250 mm 107!.417 

Diaphragm Valves: 200 mm diameter 396.000 
300 mm diameter 873.000 

Gate Valves: 80 mm diameter 68.000 
100 mm 79.000 
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Pressure Relief Valves: 100 mm diameter 319.000 
B. 	EQUIPMENT 

Positive displacement sludge pump: 
helical motor, 5 L/s, 16 m TDH 1400.000 
Magnetic flow meter, 200 mm diameter 2680.000 
Sewage lift pump: 105 L/s, 15.7 m TDH, 
15 kW motor 8600.000 

C. ACCESSORIES 
Manhole cover and frame: single seal, 

450 x 450 mm clear opening 52.000 
600 x 600 mm 68.000 
750 x 750 mm 83.700 

Medium-duty 	channel grating; cast iron,
 
406 x 63 x 914 mm length 
 57.000 

TABLE D.7 Prices of Electricity and Fuel 
A. Electricity Tariffs (Rials per kWh) 

Monthly 	Consumption, kWh Price 
Less than 3000 0.010 
3000- 5000 0.015 
5000 - 7000 0.020 
7000 - 10,000 0.025 
Greater than 10,000 0.030 
Economic cost of production 0.050 

B. Fuel Prices (Rials per Litre)
 
Price
 

Gasoline - regular 0.112
 
Gasoline - super 0.118 
Diesel fuel 0.114 

TABLE D.8 Unit Rates for Construction 
A. 	EXCAVATION WORK 

Price/cu m 
Excavate over site, to reduce levels not 
exceeding 250 mm deep 0.330 
Excavate trench for foundations: 

Up to 1.5 m deep 1.443 
1.5 m to 3m deep 	 1.540 

Excavate 	pit for foundations: 
Up to 1.5 m deep 1.727 
1.5 m to 3 m deep 	 1.870 

Excavate basement: 
Up to 1.5 m deep 1.540 
1.5 m to 3 m deep 	 1.773 
3 m to 4.5 m deep 1.980 

Dispose of surplus excavated material: 
load and remove off site including provision 
of a suitable tip site 0.440 
Backfill from approved selected excavated 
material around foundations including
compacting in 150 mm layers 0.723 
Excavate pipe trench including backCilling 
over pipe surround with selected ex:avated 
material and disposal of surplus
excavated material: Price/m Length
150 mm pipe, trench 1.5 mdeep 1.310 
200 mm pipe, trench 1.5 m deep 1.330 
300 mm pipe, trench 2 m deep 1.487 

B. BACKFILLING AND COMPACTION Unit Price 
150 mm layer of hardcore 
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well compacted 
Embankment filling, well 
compacted in 300 mm layers 
50 mm thick fine grained blinding 
to embankment slopes 
150 mm thick grouted rip-rap laid 
to embankment slopes 

C. 	 SURFACE PREPARATION 
Trimming of slopes and preparation 
of surfaces 

D. 	 DEMOLITION AND ALTERATION
 
Pavement removal and restoration 


E. 	 CONCRETE WORK 
Plain sulphate resisting concrete 
Grade 75/20: 
Blinding less than 150 mm thick 
Benching 270 mm thick to bottom 

of manholes and the like 
Reinforced in-situ sulphate resisting 
concrete Grade 355120: 
In foundations 
Beds less than 150 mm thick 
Beds 150 mm to 300 mm thick 
Walls 150 mm to 300 mm thick 

High yield steel reinforcement bars: 
Bars 16 mm diameter and larger 
Bars 12 mm diameter and less 
Formwork to give a fair finish to 
sides of walls 
Formwork for rough finish to walls 
Formwork for surround to pipes 

F. 	EXPANSION JOINTS 
240 mm expansion serviseal 
water stop 
10 x 230 mm servitite xJ PVC 
water stop 

G. 	 PIPE BEDDING AND SURROUND 
150 mm granular bed and surround: 

to 150 mm pipe 
to 300 mm pipe 

100 mm plain poured sulphate 
resisting concrete grade 205/20 
bed and surround: 

to 150 mm pipe 
to 300 mm pipe 

H. FITTINGS 
Cast iron Class K12 flanged fittings: 

100 mm 450 bend 
100 mm 90' bend 
100 mm x 100 mm x 100 mm Tee 

Vitrified clay DIN 1230/BS 65-1988 fittings:
450 mm 900 bend 
500 mm 90' bend 
500 mm x 150 mm oblique junction 
600 mm x 600 mm oblique junction 

2m

3m

3m

3m

2m

2m

3m

3m

3m
3m
3m
3m

kg 
kg 

2m
2m
2m

m 

m 

m 
m 

m 
m 

No. 
No. 
No. 

No. 
No. 
No. 
No. 

0.723 

1.100 

0.150 

16.500 

0.350 

4.200 

19.000 

23.000 

20.800 
21.100 
21.100 
21.400 

0.195 
0.210 

3.200 
2.310 
2.310 

3.000 

6.000 

0.560 
0.870 

2.200 
3.800 

16.500 
18.000 
30.000 

74.000 
98.000 

162.000 
240.000 
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I. PIPi3S LAID IN TRENCH (Excluding fittings and manholes)
 
Unit cost in Rials/m length
 

Diameter uPVC Ductile Iron Vitrified Reinforced
 
(mm) BS 4668 BS 4772 Clay, DIN Concrete,
 

Class K9 1230 and PVC liner
 
BS 65-1988 ASTM C76M 

100 1.200 8.400 
150 2.265 12.700 6.400 
200 3.500 19.600 9.800 
250 5.000 24.900 14.000 
300 15.400 35.100 17.920 
400 33.000 52.900 36.200 
450 36.000 65.500 37.240 54.000 
500 74.700 56.280 74.000 
600 95.700 93.800 93.000 
900 181.300 138.500 
1000 212.000 156.000 
1200 193.000 
1500 263.500 

J. 	 PVC PLASTIC LINER TO INTERNAL SURFACE OF PIPES
 
2
 

Rials per m 

Liner 1 mm thick 12.000
 
Liner 2 mm thick 24.000
 

K. 	 COST COMPARISON OF SEWER PIPES* 
Cost* in Rials per metre length, excluding costs of manholes 

Diameter uPVC Vitrified Asbestos Reinforced GRP 
(mm) Pipework Clay (VC) Cement (AC) Concrete w/ Pipework 

Pipework Pipework** PVC Liner 
Trench
 
Depth: 1.5m 4.5m 1.5m 4.5m 1.5m 4.5m 1.5m 4.5m 1.5m 4.5m 
150 mm 6.00 10.00 14.80 8.00 12.80 27.60 31.50 
200 mm 9.00 15.20 20.00 9.80 14.00 32.23 36.51 
250 mm 12.00 18.90 23.10 12.48 16.60 44.85 49.40 
300 mm 26.00 26.80 31.00 15.64 19.84 52.93 57.83 
350 mm 42.20 49.00 53.20 20.65 24.90 80.30 85.25 
400 mm 45.00 52.10 56.40 23.80 29.20 84.30 89.44 
450 mm 50.00 59.20 64.10 30.30 35.69 92.80 96.80 99.62 104.8 
500 mm 80.60 85.00 34.60 39.97 112.0 116.0 107.5 112.9 
600mm 130.4 135.0 70.32 76.23 116.0 120.1 115.2 120.5 
700 mm 168.0 172.5 87.53 93.15 145.8 149.8 153.5 158.5 
800 mm 198.8 203.3 112.0 117.7 148.0 153.0 170.6 175.2 
900 mm 139.1 177.4 208.4 
1000 mm 166.5 199.3 244.6 
1100 mm 220.0 255.4 
1200 mm 321.0 255.0 268.4 
1400 mm 316.5 344.5 
1500 mm 348.0 374.5 

*Note: Rate includes the following: 
I. 	 Trench excavation and backfillng 
2. 	 Provision for dewatering; brealing out rock; relocation of existing services; 

earthwork support 
3. 	 Granular bedding and surround 
4. Pipe and fittings (bends, tees, et(.) 

**Note: AC pipe larger than 600 mm diameter inclules PVC liner 
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L. COST OF MANHOLES 

Internal Depth 
(metres) 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 


(Rials) 

1200 mm Dia, 
Precast Concrete 

Rings 

275.000 

300.000 

330.000 

360.000 

390.000 

420.000 

470.000 

560.000 

630.000
 
690.000
 
750.000
 

1200x1200 mm in 800 mm Dia insitu 
Blockwork Concrete Inspection 
Construction Chamber 

195.000 145.000
 
230.000 170.000
 
265.000 195.000
 
300.000 225.000
 
335.000
 
370.000
 
425.000
 
500.000
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TABLE D.9 Collection and Conveyance Costs* 

* Costs include 5% contingencies; no engineering or administrative costs 

A. House Connections to Sewers 
Year Existing New Houses by Period 

ID District Const'n Houses 11996- 2001- 2006-
Finished 1995 20001 20051 2010 

1 AI Qoof 1995 510 6 
2 A] Zawiah 1995 558 5 
3 East Salalah 1995 330 0 

4+7 Al Hafah/Hasn 1995 1,069 41 27 27 
5 Town Center 1995 115 75 111 74 
6 Central Salalah 1995 514 63 
8 New Salalah 1995 1,633 2 
9 West Salalah 1995 808 63 
11 AI Wadi 1995 655 86 73 37 
12 A] Salam 1995 257 27 9 6 
13 A] Qantara 1995 226 40 9 6 
14 Arzat 1995 0 0 
15 Al Mamoorah 2005 0 0 
16 Sahalnawt North 2005 0 0 600 2180 
17 Sahalnawt South 2005 0 0 150 420 
18 Saada North 1995 690 233 308 231 
19 Saada South 1995 914 560 487 365 
20 Dhariz North 1995 668 203 96 64 
21 Dhariz South 2000 439 84 58 29 
23 Farms 2005 0 684 437 
24 A] Robat 1995 0 
26 Al Haseelah 1995 711 43 
27 Salalah Airport 1995 20 20 1 1 
28 New Industrial Area 2000 0 
29 Al Awqad 1995 628 69 86 43 
30 Al Awqad North 2000 864 531 847 659 
31 Wadi Daha 2005 0 900 525 
32 Raysut Industrial Area 2005 0 
33 Raysut North 2005 183 83 57 38 
34 Raysut South 2005 854 654 17 740 

Subtotal, Priority Works 1995 10,306 1,536 1,207 854 
Subtotal, Stage I Phase 3 2000 1,303 615 905 688 
Subtotal, Stage 2 2005 1,037 737 2,408 4,340 
TOTALS 12,646 2,888 4,520 5,882 
Unit costs of house sewer connections: 
Connection to existing house with soakaway 445 Rials 
Connection to new house without soakaway 400 

onstruction Period Year No. of I Unit Estimated ost 
Completed IHouscs I Cost (1000 RO) 

Priority Works 1995 10,306 445 4,586 
Stage 1, Phase 3 2000 1,468 

New houses 2000 1,536 400 614 
Existing houses 2000 1,918 445 854 

Stage 2 2005 2,706 
New houses 2005 2,112 400 845 
Existing houses 2005 4,182 445 1,861 

Stage 3 2010 5,882 400 2,353 
TOTALS 25,936 428 11,113 
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TABLE D.9 Collection and Conveyance Costs (Cont'd) 

B. Sewers in Collection System 
Sewer size (mm) 200 300 450 600 
Unit cost (RO/m) 16.600 33.000 54.000 120.000 

Year Length (m) by Diameter (mm) Total Cost 
ID District Const'n 200 300 450 600 Length 

Finished mm mm mm mm (m) (1000 RO) 

1 
2 

A] Qoof 
Al Zawiah 

1995 
1995 

5,600 
3,130 

610 
570 

600 
[1]
6,810 
3,700 

145 
71 

3 
4+7 

5 

East Salalah 
Al Hafah/Hasn 
Town Center 

1995 
1995 
1995 

1,190 
8,540 
5,090 

80 
2,800 

300 

100 

1,020 

660 2,030 
11,340 
6,410 

107 
234 
149 

6 
8 
9 

11 
12 
13 
14 

Central Salalah 
New Salalah 
West Salalah 
A] Wadi 
Id Salam 
Al Qantara 
Arzat 

1995 
1995 
1995 
1995 
1995 
1995 
1995 

5,170 
14,170 
7,190 
7,140 
2,330 
2,580 

2,400 
780 
650 

410 

550 
240 

240 
70 

1,560 

5,820 
16,640 
9,530 
8,340 
2,570 
2,580 

0 

137 
323 
332 
170 
52 
43 

0 
15 Al Mamoorah 2005 0 0 
16 
17 
18 
19 

Sahalnawt North 
Sahalnawt South 
Saada North 
Saada South 

2005 
2005 
1995 
1995 

34,680 
6,120 

16,900 
23,130 

4,080 
720 

3,860 
3,100 

2,040 
360 

2,800 850 

40,800 
7,200 

20,760 
29,880 

820 
145 
408 
739 

20 
21 

Dhariz North 
Dhariz South 

1995 
2000 

11,330 
4,480 

600 
800 

11,930 
5,280 

208 
101 

23 
24 

Farms 
Al Robat 

2005 
1995 

12,040 1,420 710 14,170 
0 

285 
0 

26 Al Huseelah 1995 12,430 1,080 13,510 242 
27 
28 

Salalah Airport 
New Industrial Area 

1995 
2000 25,290 4,720 1,500 

0 
31,510 

0 
657 

29 Al Awqad 1995 16,410 900 1,350 18,660 464 
30 
31 
32 

Al Awqad North 
Wadi Daha 
Raysut Industrial Area 

2000 
2005 
2005 

49,790 
15,300 
5,060 

5,070 
1,800 

940 

3,890 
900 
300 0 

58,750 
18,000 
6,300 

1204 
362 
131 

33 
34 

Raysut North 
Raysut South 

2005 
2005 

3,880 
32,050 

460 
3,770 

230 
1,890 

4,570 
37,710 

92 
759 

Subtotal, Priority Works 
Subtotal, Stage I Phase 3 
Subtotal, Stage 2 
TOTALS 

1995 
2000 
2005 

142,330 
79,560 

109,130 
1331,020 

17,730 
10,590 
13,190 
41,510 

5,720 
5,390 
6,430 

17,540 

4,730 
0 
0 

4,730 

170,510 
95,540 

128,750 
394,800 

3,824 
1,961 
2,594 
8,380 

NOTES: [1] Domestic sewers, excluding sewers for large users 
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TABLE D.9 Collection and Conveyance Costs (Cont'd) 
C. 	Trunk Sewers to Sha'a Site 

Item Diameter 
(mm) 

Priority Works Area 900 

1,200 

1,500 


450 

Subtotal, served by 1995 

Subtotal, served by 2005 600 


TOTAL 
D. 	Force Mains to Sha'a Site 

Item Diameter 
(mm) 

Priority Works Area 	 150 

200 

300 

800 


1,000 

Subtotal, served by 1995 


300 

400 


Subtotal, served by 2000 

Subtotal, served by 2005 400 


TOTAL 

E. Pump Stations to Sha'a Site 

Location 	 Avg Flow 

in 2020 

(MLd) 

Khor Salalah 16.1 
Haseelah 31.1 
North Dhariz 1.8 
Al Shatti 0.6 
Saada 6.2 
Al Baleed 0.3 
Al Hafah 0.5 
Al Hafah 0.7 
Al Hum 0.2 
Al Hafah 1.4 

Subtotal, served by 1995 59.0 
New Industrial Area 3.9 
Raysut Industrial Estate 4.7 
Joint Housing 0.2 
Holiday Inn 0.2 
South Dhariz 1.0 

Subtotal, served by 2000 10.0 
KhorThet 6.8 
Arzat 0.4 
Raysut 3.6 
Farms 1.5 
Sahalnawt 5.0 

Subtotal, served by 2005 17.3 
TOTAL 86.3 

Length 
(m) 

5,050 
3,000 
2,650 
1,850 


12,550 

650 


13,200 


Length 
(m) 

1,050 

800 

670 

650 


17,880 
21,050 

2,000 
16,000 
18,000 
6,600 

45,650 

Total Dyn. 
Head 
(m) 


6 

19 

9 


15 

26 


4 

4 

4 

4 


10 


15 

75 

10 

10 

15 


7 

9 


40 

9 

9 
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Unit Cost 
(RO/m) 

181.000 
265.000 
355.000 
54.000 

120.000 

Unit Cost 
(RO/m) 

20.600 
30.600 
44.800 

196.000 
270.000 

44.800 
77.000 

77.000 

O&M Cost 

in 2020 


(1000 Rials)
 
79.2 

190.8 
19.6 
9.2 

52.7 
6.1 
8.4 

10.7 
5.0 

16.8 
398.5 

57.9 
113.8 

4.9 
4.9 

13.9 
195.4 
45.6 

7.5 
40.1 
17.5 
38.2 

148.9 
742.8 

Cost
 
(1000 Rials)
 

914
 
795
 
941
 
100
 

2,750 
78
 

2,828 

Cost
 
(1000 Rials)
 

22
 
24
 
30
 
127
 

4,828
 
5,031
 

90
 
1,232
 
1,322
 
508
 

6,861
 

Constr'n Cost 
(1000 Rials) 

80
 
191
 
51
 
35
 

112
 
30
 
30
 
30
 
30
 
48
 

637
 
78
 
85
 
30
 
30
 
40
 

263
 
82
 
34
 
74
 
56
 
65
 

311
 
1,211
 



TABLE D.9 Collection and Conveyance Costs (Cont'd) 

F. TrunkSewers to Wadi Daha Site 
Item Diameter 

(mM) 
Priority Works Area 900 


1,200 

1,500 


600 

TOTAL 


G. 	 Force Mains to Wadi Daha Site 
Item Diameter 

Priority Works Area 

Subtotal, served by 1995 


Subtotal, served by 2000 

Raysut 

Sahalnawt 

Subtotal, served by 2005 


(mm) 

150 

200 

300 


1,000 


300 

400 


400 

450 


TOTAL 

H. Pump Stations to Wadi Daha Site 
Location 

North Dhariz 
Al Shatti 
Al Baleed 
Al Hafah 
Al Hafah 
Al Husn 
A] Hafah 
Khor Thet 

Subtotal, served by 1995 

New Industrial Area 

Raysut Industrial Estate 

Joint Housing 

Holiday Inn 

South Dhariz 


Subtotal, served by 2000 

Arzat 

Raysut 

Sahanawt 


Subtotal, served by 2005 

TOTAL 


Avg Flow 

in 2020 

(MLd) 

1.8 
0.6 
0.3 
0.5 
0.7 
0.2 
1.4 

39.1 
44.7 

3.9 
4.7 
0.2 
0.2 
1.0 

10.0 
0.4 
3.6 
5.4 
9.4 

64.1 

Unit Cost Cost 
(RO/m) (1000 Rials) 

181.000 1,383 
265.000 1,458 
355.000 2,272 
120.000 78
 

5,190 

Unit Cost Cost 
(RO/m) (1000 Rials) 

20.600 22
 
30.600 64
 
44.800 30
 

270.000 594
 
709
 

44.800 90
 
77.000 	 1,232 

1,322 
77.000 408
 
90.000 198
 

606
 
2,637
 

O&M Cost Constr'n Cost 
in 2020 (1000 Rials) 

(1000 Rials) 
35.0 51
 

9.2 35
 
6.1 30
 
8.4 30
 

10.7 30
 
5.0 30
 

16.8 48
 
219.2 82
 
310.4 336
 
57.9 78
 

113.8 85
 
4.9 30
 
4.9 30
 

13.9 40
 
195.4 263
 

7.5 34
 
40.1 74
 
38.2 65
 
85.8 173
 

591.6 772
 

Length 
(m) 

7,640 
5,500 
6,400 

650 

20,190 

Length 
(m) 

1,050 
2,080 

670 

2,200 
6,000 
2,000 

16,000 
18,000 
5,300 
2,200 
7,500 

31,500 

Total Dyn. 
Head 
(m) 

31 

15 

4 

4 

4 

4 


10 

33 


15 

75 

10 

10 

15 


16 

55 

16 
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TABLE D.10 Wastewater Treatment Costs 

A. Generalized Costs* 

Item 	 Cost Coefficients 
"m""a" "b" to" 

Treatment Train 3 1.18 0.66 0.0023 6.25 
Treatment Train 3A 1.33 0.66 0.0023 5.85 
Treatment Train 3B 1.45 0.66 0.0023 6.00 
Treatment Train 3C .28 0.66 0.0023 6.25 
Treatment Train 3D 1.46 0.66 0.0023 5.85 
Notes: 
1. 	 Construction cost C = a Qb where: 

C is in RO million
 
Q is plant capacity in MLd
 

2. 	 Operation and maintenance cost c = o q + m C where 
c is the O&M cost in RO million/year 
q is the annual volume treated in cu m 
o is a cost per unit volume in RO/cu m, and 
n is a percentage of C 

3. 	 Methodology for the above estimates is as indicated in the Masterplan Alternatives 
Report, but with power cost equal to the expected price of 20 Baisa/kWh. 

4. 	 Treatment Train 3 is activated sludge with nitrification and denitrification, 
coagulation, chlorination, sludge thickening, filtration, sludge lagoons, drying beds 
and lime stabilisation. Variations listed above are: 
3A: sludge treatment by activated sludge thickening, sludge dewatering, and 

lime stabilisation 
3B: sludge treatment by mechanical activated sludge thickening, anaerobic 

digestion and mechanical dewatering 
3C: sludge treatment as in Train 3 but with covering of certain major units for 

odour control 
3D: as in Train 3A with addition of a second anoxic zone 

B. Base Costs for Increments in Treatment Capacity* 

Capacity Increment Estimated Costs (million Rials) 
(million litres per day) Train 3A Train 3D 

20 	 9.61 10.54 
10 	 6.08 6.67 

C. Base Costs, Upgrading of Wadi Qaftawt Ponds* 

Stage 1,Phase 1 (Investigations) RO 250,000
 
Stage 1, Phase 3 (Upgrading) RO 950,000
 

*Note: 	 Costs for treatment only (no percolation disposal); 
1991 prices, 5% physical contingencies; no allowance for 
engineering or administration 
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TABLE D.11 Aquifer Recharge and Disposal Costs 

A. Aquifer Recharge From Sba'a Site 

Force main to Garsiz Farm (900 mrr tia, 12,560 m long) 

Coastal recharge main (900 mmuia, 9,000 m long) 

Coastal recharge main (600 mm dia, 3,000 m long) 

Pump Station (36.0 ML/d average flow, 30 m head) 

Coastal recharge injection wells: 41 wells 

Recharge at Garsiz Farm by injection wells: 6 wells 

Subtotal, Stage 1 Phase 2 (by 1995) 

Recharge at Garsiz Farm by injection wells: 3 wells 

Subtotal, Stage 2 (by 2005) 

Subtotal, Stage 3 (by 2010) 


TOTAL 
B. Aquifer Recharge from Wadi Daha Site 

Force main (900 mm dia, 15,930 m long) 

Pump Station (36.0 ML/d average flow, 30 m head) 

Coastal recharge injection wells: 41 wells 

Recharge at Garsiz Farm by injection wells: 6 wells 

Subtotal, Stage I Phase 2 (by 1995) 

Recharge at Garsiz Farm by injection wells: 3 wells 

Subtotal, Stage 2 (by 2005) 

Subtotal, Stage 3 (by 2010) 


TOTAL 
C. Disposal bY Injection at Sha'a or Wadi Daha 

Force main to disposal site (800 mm dia, a,,prox. 2 km long)
Injection wells at disposal site: 6 wells 
Subtotal, Stage 1Phase 2 (by 1995) 
Injection wells at disposal site: 3 wells 
Subtotal, Stage 2 (by 2005) 
Subtotal, Stage 3 (by 2010) 

TOTAL 
D. Investigations on Aquifer Recharge and Disposal 

Investigation of injection wells (consultancy and 
15 test wells at Sha'a, Wadi Daha, Garsiz Farm) 

Investigation of infiltration beds (consultancy and 
test beds at 3 sites) 

Oceanographic studies (consultancy, boat, equipment, etc.)
TOTAL 

*Base cost includes 5% physical contingencies; 1991 prices; 
no allowance for engineering or administration 

Base Cost* 
(1000 Rials) 

3,014 
2,160 

408 
230 
410 
150 

6,372 
75 
75 
75 

6,522 

Base Cost*
 
(1000 Rials)
 

3,823
 
230
 
410 
150 

4,613 
75 
75 

75 
4 ,763 

Base Cost* 
(1000 Rials) 

400 
150 
550 

75 
75 
75 

700 

Base Cost* 
(1000 Rials)
 

260 
160 

300 
720 
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TABLE D.12 Summary of Wastewater Costs 

A. Base Costs* 
*Costs in 1000 Rials; 1991 prices; 5% physical contingencies 

Cost Item STAGE 1 STAGE 2 STAGE 3 TOTAL 
Phase I Phase 2 Phase 3 

Year completed:, 1995 1995 2000 2005 2010 
Collection, Treatment and Disposal 
House Connections 4,586 1,468 2,706 2,353 11,113 
Collection System 3,824 1,962 2,594 8,380
Treatment Plant 9,610 6,080 6,080 21,770 
Upgrading Ponds 250 950 1,200 
Injection Disposal 550 75 75 700 
Investigations 720 720 

Subtotals 19,540 0 4,380 8,861 11,102 43,833 
Conveyance and Aquifer Recharge for Sha'a Site 
Trunk Sewers 2,750 78 2,828 
Force Mains 5,031 1,322 508 6,861 
Pump Stations 637 263 311 1,211
Aquifer Recharge 6,372 75 75 6,522 

Subtotals 8,418 6,372 1,585 972 75 17,422
Conveyance and Aquifer Recharge for Wadi Diha Site 
Trunk Sewers 5,190 5,190
Force Mains 709 1,322 606 2,637
Pump Stations 336 263 173 772 
Aquifer Recharge 4,613 75 75 4,763 

Subtotals 6,235 4,613 1,585 854 75 13,362
B. Capital Costs*, Treatment at Sha'a Site 
Collection 9,419 0 3,842 3,031 5,541 21,832 
Conveyance 9,428 0 1,775 1,005 0 12,208
Treatment 11,043 0 1,064 6,810 6,810 25,726 
Aquifer Recharge 0 7,137 0 84 84 7,305 
Disposal 616 0 0 84 84 784 
Investigations 720 0 0 0 0 720 
Total at Sha'a Site 31,227 7,137 6,681 11,013 12,518 68,575 
C. Capital Costs*, Treatment at Wadi Daha Site 
Collection 9,419 0 3,842 3,031 5,541 21,832
Conveyance 6,983 0 1,775 872 0 9,631 
Treatment 11,043 0 1,064 6,810 6,810 25,726 
Aquifer Recharge 0 5,167 0 84 84 5,335 
Disposal 616 0 0 84 84 784 
Investigations 720 0 0 0 0 720 
Total at Wadi Daha Site 28,782 5,167 6,681 10,881 12,518 64,028 
*Notes: 
Capital Cost: includes Base Cost plus 12% for engineering and services 

during construction; 1991 prices without escalation 
Collection: includes house connections and collection system
Conveyance: includes trunk sewers, pump stations and force mains 
Treatment: includes reclamation plant and upgrading of Wadi Qaftawt 
Aquifer recharge: includes conveyance and injection wells at Garsiz Farm & coastal are 
Disposal: includes conveyance and injection wells at disposal site 
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TABLE D.13 Costs of Water Supply Facilities*
 
*Costs include 5% contingencies; no engineering or administrative costs
 
A. Expansion of Salalah and Saada Wellfields 

Item Number/ Unit Cost Cost 
Length(m) (RO/unit) (1000 Rials) 

Salalah weilfield: 
equip existing bores 2 15,000 30 
build new wells complete 4 25,000 100 
new header pipes to reservoir: 

600 mm dia 3,000 167 501 
Saada wellfield: 

build new wells complete 2 25,000 50 
new header pipes to reservoir: 

450 mm dia 3,000 123 369 
TOTAL, Stage 1Phase 2 (by 1995) 1,050 
B. 	Trunk Mains 

Item Diameter Length Unit Cost Cost 
(mm) (m) (RO/m) (1000 Rials)

First Stage, Phase 2 	 900 12,800 272 3,482 
600 3,500 167 585 
450 11,000 123 1,353 
300 6,720 88 591 

Subtotal, 1991 - 1995 34,020 	 6,010 

First Stage, Phase 3 	 600 15,500 167 2,589 
450 2,700 123 332 
300 22,500 88 1,980 

Subtotal, 1996 - 2000 40,700 4,901 
Second Stage (2001 - 2005) Raysut/Mughsayl system 3,000 
TOTAL 74,720 13,911 
C. Distribution Reservoirs and Booster Pump Station 

Item 	 Capacity Cost 
(1000 Rials)

Distribution Storage Reservoirs 
Salalah wellfield 3 tanks, each 4,500 cu. m 1,050 
Saada wellfield 1 tank, 4,500 cu. m 350 
North Awqad high seivice area 1 tank, 4,500 cu. m 350 

Subtotal, storage reservoirs 1,750 
Booster pump station for North Awqad 

high service area 130 Llsec 150 
Total, First Stage, Phase 2 (1991 - 1995) 1,900
D. Secondary Distribution Mains and Metered Connections 
Time Period New Houses New Metered New Areas Cost 

Built Connections Served (1000 Rials) 

1991 - 1995 
1996 - 2000 

2,646 
2,888 

[1] 
3,440 
3,754 

[2] 
A 
B 

2,602 
2,593 

2001 - 2005 
2006- 2010 

4,520 
5,882 

5,876 
7,647 

C 4,079 
1,338 

TOTAL 15,936 20,717 10,612 
Notes: 	 [1] Unit cost of RO 175 per metered connection; 

1.3 metered connections per new house 
[2] A: Town Centre; B: Awqad North, Dhariz South; 

C: Sahalnawt, Farms, Wadi Daha, Raysut 
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E. Estlmatee Cost of Relocating 360 Hectare Fodder Farm to the Nejd 

Item Quantity Unf, Cost 
(RO/unit) 

Land Provided by the Govemnrent 

Topographical survey 

Well construction 30 Nos. 59,410 

Road Access 25 km 2,400 

Additional pumps (30 less 15 existing) 15 Nos. 11,000 

Buildings: storage, workshops 3000 sq m 65 
Accommodation 1000 sq m 105 
Farm Office 200 sq m 95 

Fencing 8,000 m 12 

Pipe distribution 12,000 m 8.28 

Power generation & distribution 
Dismantling existing irrigation 
system, transport of movable plant, 
and re-assembly 

10%physical contingencies 

Total Cost 

Cost 
(1000 Rials) 

15 

1,782 

60 

165 

195 
105 
19 

96 

99 

180 

50 

276 

3,043 
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TABLE D.14 Summary ofWater Supply Costs 

A. Base Costs [1] 

Cost Item STAGE 1 STAGE 2 STAGE 3 TOTAL 
Phase I Phase 2 Phase 3 

Year completed: 1995 1 1995 2000 2005 2010 

Fodder Relocation [2] 1,995 1,048 3,043 

Welfield Facilities 1,050 1,050 

Water Distribution: 
Trunk Mains 6,010 4,901 3,000 13,911 
Distribution Storage 1,750 1,750 
Booster pump station 150 150 
Raysut/Mughsayl system 3,000 3,000 
Secondary dist'n, 
metered connections 2,602 2,593 4,079 1,338 10,612 

Subtotals, distribution 0 10,512 7,494 10,079 1,338 29,423 

Water Resource Evaluation [3] 
Priority Works 110 110 

TOTAL 110 13,557 8,542 10,079 1,338 33,626 

B. Capital Costs [4] 

Fodder Relocation 0 2,234 1,174 0 - 3,408 
Wellfield Facilities 0 1,176 0 0 0 1,176 
Water Distribution 0 11,773 8,393 11,288 1,499 32,954 
Water Resource Eval'n 110 0 0 0 0 110 

Subtotals 110 15,184 9,567 11,288 1,499 37,648 

Notes: [1] Base Costs in 1000 Rials; 1991 prices; 5% contingencies 
[2] Fodder relocation cost includes 10% contingencies 
[3] Excluding cost of exploratory wells (by MWR) 
[4] Capital cost and water distribution cost as follows: 

Capital Cost: includes Base Cost plus 12% for engineering and services 
during construction; 1991 prices without escalation 

Water Distribution: includes trunk mains, distribution storage, booster pump 
station, secondary distribution mains, and metered 
service connections 
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TABLE D.I$ Capital Costs ofWastewater Facilities, 1991- 2000 

All base costs at1/1/91
Domestic Inflation 
Domestic Escal. Factor 
Foreign Inflation 
Foreign Escal. Factor 
Contingencies - Local 
Contingencies - Foreign 
Duties - Frgn Mech/Elec 
Riul/USS Exchange Rate 

INVESTMENTS INPk1OkrrvYWORK 

Civil/Structural (Base) 
Physical Contingencies 
Price Conting. (Domestic) 

Subtotal Civil Works 

Mech. & Elec.(Base) 
Physical Contingencies 
Price Conting. (Foreign) 
Taxesand Dudes 


Subtotal Mech. & Elec. 

Total. Wastewater Treatment 

TRUNK SEWERS 

Base Costr 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes & Duties 

Tota Trn Sewers 

PUMPING STATIONS 

Civil/Structural (Base) 

Physical Contingencies 

Price Conting. (Domestic) 

Taxes & Duties 


Subtotal Civil Works 

Mech. & Eiec.(Base) 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes and Duties 

Subtotal Mech. & Elec. 

Total Pumping Stations 
18.Jan-92 

WATER AND WASTEWATER MASTERPLAN FOR SALALAH 

Fiscal Year 

1991 1992 

7.00% 6.50% 
1.04 1.10 

4.50% 4.00% 
1.02 1.07 
5% 5% 
5% 5% 
0% 0% 

0.384 0.384 

TREATMENT (RECLAMATION PLANT, STABILISATION PONDS) 

51 
3 
2 

55 

62 
3 
1 
0 

67 


12. 


59 

3 
1 
0 

2.'6M..~S4~*< 

1 
0 
0 
0 

1 

3 
0 
0 
0 

3 
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1993 1994 1995 

6.00% 6.00% 6.00% 
1.17 1.24 132 

3.50% 3.50% 3.50% 
1.11 1.14 1.18 
5% 5% 5% 
5% 5% 5% 
0% 0% 0% 

0.384 0.384 0384 

...ias 

947 2,848 685 
47 142 34 

173 731 229 

1,167 3.721 949 

1,157 3,481 837 
58 174 42 

129 529 162 
0 0 0 

1,344 4,184 1,041 

203 
10 
22 

236 

248 
12 
17 
0 

278 


237 

12 
16 
0 

5 
0 
1 
0 

6 

11 
1 
1 
0 

12 

Z1 I1... i tlO 

1.107 3,331 801 
55 167 40 

123 506 155 
0 0 0 

~ ' 

22 65 16 
1 3 1 
4 17 5 
0 0 0 

27 85 22 

50 151 36 
3 8 2 
6 23 7 
0 0 0 

58 181 45 

As" 2661 jo. 



FORCE MAINS 
1991 1992 1993 1994 1995 

Base Costs 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes & Duties 

8 
0 
0 
0 

32 
2 
2 
0 

151 
a 

17 
0 

455 
23 
69 

0 

109 
5 

21 
0 

Total Force Mains : < <.. . . .. . " .. . .. . . . . 

DISPOSAL SYSTEM 

Civil/Structural (Base) 
Physical Contingencies 
Price Conting. (Domestic) 
Taxes & Duties 

17 
1 
1 
0 

67 
3 
7 
0 

314 
16 
57 
0 

944 
47 

242 
0 

227 
11 
76 
0 

Total Disposal System '78 "8 ~ 3 l 

COLLECTION SYSTEMS 

Collector Sewers 
Physical Contingencies 
Price Contingencies (Local) 
Taxes & Duties 

44 
2 
2 
0 

175 
9 

19 
0 

816 
41 

149 
0 

2.455 
123 
630 

0 

590 
30 

198 
0 

Subtotal Collector Sewers 48 203 1,006 3,208 817 

Connections 
Physical Contingencies 
Price Contigencies (For.) 
Taxes & Duties 

52 
3 
1 
0 

210 
11 
15 
0 

978 
49 
109 

0 

2,944 
147 
447 

0 

708 
35 
137 

0 

Subtotal Connections 56 235 1,136 3,538 881 

Total Collection Systems K Z14 438 ,14U.;11 1,0 

MOBILE EQUIPMENT 

Vehicles & Equipment (Base) 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes and Duties 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

95 
5 

14 
0 

0 
0 
0 
0 

Total Mobile Equipment 0' '.0'.' 0 i 0:W 14 7 .0: 

TOTAL PRIORITY WORKS 320 1,348 6,585 20,815 5.201 

STAGE'1, PHASE 2 
AQUIFER RECHARGE SYSTEM 

Civil/Structural (Base) 
Physical Contingencies 
Price Conting. (Domestic) 

53 
3 
2 

211 
11 
23 

984 
49 
180 

2,961 
148 
760 

712 
36 

238 
Taxes & Duties 0 0 0 0 0 

Total Aquifer Recharge System $5i21i.9 $ 3$6S 9i6 

TOTAL, PHASE 2 58 245 1,213 3,869 986 

TOTAL Furth 5 Yr Plan 378. 1,593 7.798 24,684 6,181 
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WATER AND WASTEWA1jER MASTERPLAN FOR SALALAH
 

INVESTMENT SUMMARY
 
1991 1992 1993 1994 1995
 

........[ t 0... .........
 
.......
kals 000' 

Wastewater Treatment 122 513 2,511 7,905 1.990 
Trunk Sewers 63 265 1,285 4,003 996 
Pumping Stations 4 18 85 266 67 
Force Mains 9 36 175 547 136 
Disposal System 18 78 387 1,233 314 
Collection Systems 104 438 2,141 6.746 1.698 
Mobile Equipment 0 0 0 114 C
Subtotal. Priority Works (Phase 1) 320 1,348 6,585 20.815 5.201 

Subtotal, Aquifer Recharge (Phase 2) 58 245 1,213 3.869 986 

Total Annual Investments, Rials 000 378 1,593 7.798 24,684 6,187 

SUS S0W0... 
Wastewater Treament 318 1,336 6.539 20,585 5.182 
Trunk Sewers 165 691 3.348 10,426 2,595 
Pumping Stations 11 47 222 694 174 
Force Mains 22 93 457 1,424 353 
Disposal System 48 202 1,008 3,212 819 
Collection Systems 270 1,141 5,577 17,568 4,421 
Mobile Equipment 0 0 0 297 0 
Subtotal, Priority Works (Phase 1) 834 3,511 17,149 54,206 13,544 
Subtotal. Aquifer Recharge (Phase 2) 150 637 3,159 10,075 2,568 

Total Annual Investments, US$ 000 984 4,148 20,308 64,281 16.112 

. Rials000 US S 0i 
TOTAL Fourth 5 Yr Plan 1991 - 1995 34,270 105,833 
TOTAL Fifth 5 Yr Plan 1996-2000 10,023 26,101 

BREAKDOWN OF INVESTMENT COSTS 
YEARS 1991 - 2000 

BASE COSTS (/1191 Prices) Thousand Rials 

Wastewater Treatment 11,532 
Trunk Sewtss 5,535 
Pumping Statiori 640 
Force Mains 2,165 
Disposal 1,569 
Collection Systems 12,630 
Mobile Equipment 209 
Aquifer Recharge 4,921 

39,201 

PHYSICAL CONTINGENCIES 1,960 

PRICE CONTINGENCIES 9,501 

TOTAL ESTIMATED PHYSICAL COSTS 50,663 

TAXES & DUTIES 0 

TOTAL ESTIMATED PROJECT COSTS 50,663 Rials 000 

131,934 US$ 000 

D-20 



TABLE D.IS Continued CAPITAL COSTS FOR STAGE 1, PHASE 3 

LAH WATER AND WASTEWATER MASTERPLAN FOR SALALAH 

Fiscal Year 

1996 1997 1998 1999 2000
 

All base costsat I/1/91 
Domestic Inflation 6.00% 6.00% 6.00% 6.00% 6.00% 
Domestic Escal. Factor 1.40 1.48 1.57 1.67 1.77 
Foreign Inflation 3.50% 3.50% 3.50% 3.50% 3.50% 
Foreign Escal. Factor 1.23 1.27 1.31 1.36 1.41 
Contingencies - Local 5% 5% 5% 5% 5% 
Contingencies - Foreign 5% 5% 5% 5% 5% 
Duties - Frgn Mech/Ele 0% 0% 0% 0% 0% 
Rial/USS Exchange Rate 0.384 0284 0.384 0.384 0.384 

:!V8!STMENTS N STAGE 1. P14AS: 3 Rials 000...... 

TREATMENT (RECLAMATION PLANT. STABILISATION PONDS) 

Civil/Smructural (Base) 
Physical Contingencies 
Price Conting. (Domestic) 

5 
0 
2 

20 
1 

10 

91 
5 

55 

274 
14 

191 

66 
3 
53 

Subtotal Civil Works 7 31 150 479 122 

Mech. & Elec.(Base) 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes and Duties 

6 
0 
1 
0 

24 
1 
7 
0 

111 
6 

37 
0 

335 
17 
126 

0 

81 
4 

35 
0 

Subtotal Mech. &Elec. 8 32 153 478 120 

Total, Wastewater Treatment .3 . . 7 . . 

TRUNK SEWERS 

Base Costs 
Physical Contingencies 
Price Canting. (Foreign) 
Taxes & Dudes 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Total TrunkeSewers 0 . 0. .. 

PUMPING STATIONS 

Civil/Structural (Base) 
Physical Contingencies 
Price Canting. (Domestic) 
Taxs & Duties 

1 
0 
0 
0 

4 
0 
2 
0 

17 
1 

10 
0 

51 
3 

36 
0 

12 
1 

10 
0 

Subtotal Civil Works 1 6 28 89 22 

Mech. & Elec.(Base) 
Physical Contingencies 
Price Canting. (Foreign) 
Taxes and Duties 

2 
0 
0 
0 

8 
0 
2 
0 

39 
2 

13 
0 

118 
6 

45 
0 

28 
1 

12 
0 

Subtotal Mech. & Elec. 3 11 54 168 41 

Total Pumping Stations 
18-Jan-92 

V... 2.8 , 
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FORCE MAINS 

Base Costs 
Physical Contingencies 
Price Conting. (Foreign) 
Taxes & Duties 

ToudI Force Mains 

DISPOSAL SYSTEM 

Civil/Sructural (Base) 
Physical Contingencies 

Price Coning. (Domestic) 

Taxes & Duties 


Total Disposal System 

COLLECTION SYSTEMS 

Collector Sewers 
Physical Contingencies 
Price Contingencies (Local) 
Taxes & Duties 

Subtotal Collector Sewers 

Connections 
Physical Contingencies 
Price Contigencies (For.) 
Taxes & Duties 

Subtotal Connections 

Total Collection Systems 

MOBILE EQUIPMENT 

Vehicles & Equipment (Base) 

Physical Contingencies 

Price Conting. (Foreign) 

Taxes and Duties 


Total Mobile Equipment 


Subtotal, Stage I Phase 3 

GROUNDWATER RECHARGE SYSTEM 

Civil/Stuctural (Base) 
Physical Contingencies 
Price Conting. (Domestic) 
Taxes & Duties 

Total Groundwater Recharge System 

Subtotal, Aquifer Recharge 

TOTAL Fifth 5 Yr Plan 

1996 1997 1998 1999 2000 

15 60 282 849 204 
1 3 14 42 10 
4 17 93 320 87 
0 0 0 0 0 

' ,I SI 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
•..., .,. ,, . ........ ......0 .......... .... . .... ...0 .... ......... ...0
 

; ..................
 

22 90 419 1,259 303 
1 5 21 63 15 
9 46 251 879 243 
0 0 0 0 0 

32 140 691 2,201 562 

17 67 313 942 226 
1 3 16 47 11 
4 19 103 356 97 
0 0 0 0 0 

22 89 432 1,345 334 

Jft~,4~<6~ 

0 0 0 0 114 
0 0 0 0 6 
0 0 0 0 49 
0 0 0 0 0 

0 . 

93 389 1,897 5,973 1,671 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

93 389 1,897 5,973 1,671 

0-22 



1996 1997 1998 1999 2000
 

.......
kials 660... 
Wastewater Treatnen 
TrunkSewas 
Pumping Stations 
Force Mains 
Disposal System 
Collection Systems 
Mobile Equipment 
Subtotal, Priority Works 
Subtotal. Reuse (Phase 2) 

Total Annual Investments, Rials 000 

Waste-4atr Treatment 
Trunk Sewers 
Pumping Stations 
Force Mains 
Disposal System 
Collection Systems 
Mobile Equipment 

Subtotal. Priority Works 
Subtotal Reuse (Phase 2) 

Total Annual Investments, USS 000 

15 

0 

4 


19 

0 


54 

0 


93 

0 


93 


39 

0 


11 

50 


0 

141 


0 
241 


0 

241 


63 

0 


17 

80 

0 


229 

0 


389 

0 


389 


164 

0 

44 

208 


0 

597 


0 

1,014 

0 

1,014 

303 957 242
 
0 0 0
 

82 258 64
 
389 1,212 301
 

0 0 0
 
1,123 3.546 895
 

0 0 169
 
1,897 5.973 1,671
 

0 0 0
 

1,897 5,973 1.671 

790 2,493 630
 
0 0 0
 

213 671 166
 
1,013 3.156 785
 

0 0 0
 
2,924 9,234 2,332
 

0 0 440
 
4,940 15,554 4,352
 

0 0 0
 

4,940 15,554 4,352 

0-23
 



TABLE D.16 Water Supply and Wastewater Operation and Maintenance Costs 

COST ITEM 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2065 .'2010 
Annual Cost-,in RO Thousandi. Mid91 asI 
WATER SUPPLY 
Personnel 
Electricity 
Other 
TOTAL 

WASTE WATER. 
Personnel 
Electricity 
Chemicals 
Maintenance 
Fuel 

Other 
Administration 

72$ 12 
37 M 
94 9$s' 

855 86Z 

-136 144 
5 to.12 
2 '4. 
5 10 

16i 
,V ~ I 

"' 16'' 9 

737 
42 

97 
876 

149k 

5 
11 
)a,-18 
,12 

749 
45! 
98 
02 

154: 
14: 
6 

12 
20.1 

'W'20 

763 
48 

100 
911 

314 
55 

33 
20 
20 
13 
22 

782 
55 

103 
940 

352 
170 

103 
37 
20 
13 
43 

800 
57 

105 
962 

378 
229 

137 
46 
27 
18 
79 

831 
60 

109 
1,000 

406 
250 

150 
50 
30 
22 
95 

858, 
62: 

112 
1,032 

435 
277 

166 
56. 
33. 
22, 

119 

873 83 954 
65 82 99 

114 130 141 
1,052 1,095 1,194 

466 499 532 
293 370 447 
176 221 268 
59 7389 
3 46 56 

'24;'29. . 
120 124. '143 

TOTAL 

WATER SUPPLY 

189 

85~i; i!iS[~i 

213 

ii:91 

226 

99 

23-9 

1,071.: 

477 

1,164 

738 

1,270 

914 

1,378 

1003 

1,5IS 1,658.: 

,173162 191 

1,793 ,56 l 3,647i]ii 
WASTEWATERBasis of Price Escalation 189 227 6iiiiiiii:ii!iiiii!i.iiiiii! 

87 609 997 1,309 1,521 1,780 2000 3,187 4,790 

Annual Price Escalation (%)(2)ii 
Escalation Factor 

0 
1.00 

-6.5 

107 
6,0 
1.13 

6.0-
1.20 

6.0 
1.28 

6.0 
1.35 

6.0 
1.43 

6.0 
1.52 

6.0 
1.61 

6.0 
1,71 

6.0 
2.34 

6. 
.05 
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APPENDIX E 

COMPARISON OF WATER SUPPLY OPTIONS 

E.1 Introduction 

The Salalah fresh water aquifer is being overdrawn and as the population of the city grows
the over-withdrawal will increase rapidly. The fresh water budget for the aquifer is 
currently in deficit because dischaige from the aquifer is exc:;eding recharge to it. 

Clear evidence of over-withdrawal is given by declining water levels and the observed 
encroachment of seawater and brackish groundwater into tiie fresh water aquifer. The 
approximate present location of the fresh water boundary (taken as a water electrical 
conductivity value of 2000 microsiemens per centimetre) is shown in Figure E.I. This 
represents conditions at the water table. Near the base of the aquifer, the saline interface 
encroaches even further into the fresh water. 

The demand and supply projections are presented in Figure E.2. It can be seen that 
although agricultural consumption is expected to remain constant, the need for potable
supply will increase significantly over the planning period. The natural fresh water
recharge is controlled by hydrogeological and climatic factors and, altho, 'h it may vary
according to the quality of the monsoon, it must be regarded as a constant figure for 
plannling purposes. 

The deficit shown in Figure E.2 represents the amount of water that must be supplied from 
either new sources or reduction in demand. Reducing demand includes such options as 
water conservation, shifting of agriculture and exchange of water. The development of 
new water sources inchdes exploiting underutilised aquifers and springs, or desalination. 

E.2 New Water Sources 

E.2.1 Fresh Groundwater 

The central Salalah Plain is in groundwater deficit and the drilling of new wellfields in that 
zone will not produce additional reserves of fresh water. It may be necessary to install 
additional wells to meet growing demands, but such action will only exacerbate the 
contraction of the fresh water reserve. 

As the brackish water interface advances into the fresh water zone there may be a
requirement to relocate the wellfield closer to the Jebel to maintain low salinities. The 
aquifer appears to be capable of supporting reasonable flows, although the exploratory
drilling carried out by Taylor (1979) indicated permeabilities decreased towards the Jebel. 

There are areas where there appears to be scope for locating new sources of groundwater
which are now not being used. These areas are within the area of influence of the khareef 
and hence the aquifers may be recharged annually. The most prospective of these sites is at
the junction of the Wadi Darbat catchment and the plain. The wellfields supplying Taqah
and Mirbat are located in this area and extract approximately 0.5 million cubic metres of 
water each year. Although the precise volume of water stored in the catchment is not 
known, the fact that its area exceeds 400 square kilometres suggests that a significant 
untapped resource exists. 

A second potential wellfield exists in the area to the west of the fresh water zone close to 
the foot of the Jebel. Drilling by the Ministry of Water Resources in this area has produced
significant yields of groundwater with a salinity which may be usable in the Salalah 
system. The location of these exploratory wells is shown in Figure E.3. The fact that the 

E-I 



---- 

i~elm 

SALALAH Vn2.L FIEMI 1&12 

043240 

227 

4o 2 064	 2or 

X........ _..S-


.....	 
a 

-'-" SALALAH 

LEGEND 
& ,KO)OE/ OM . EC PROFLING BORE AND EC VALUE 	 DAME 

micrwomai.cm WATER SUMLY AND WASrEWATER 
JUNE 1988 MAS1r PLAN FOR' AI.AH 

X 	 JUNE 1986 
ELECUrRI ALCONDUCTIVITY CONTOUR GROUNDWATER QUALIYAT THE WATER TABLE 

(June 1989) 
Data Source MWR FM E. I 



Demands on Fresh Water Aquifer 

60Mcm/ycar 

6O
 

-
50 


40 Potable Supply'. 

20
 

10
 

10
 

1990 1995 2000 2005 2010 2015 2020
 

Fresh Water Supply Needs 

Mcm/year 

50 

4k.
 
Wae 'ulc from New Sources or Demand P.s ucdon 

30 

20
 

INaturai Fresh Water Recharge 
10
 

0
 
1990 1995 2000 2005 2010 2015 
 2020
 

DAMES & MOORE / CDM 

WATER SUPPLY AND WASTEWATER 
MASTERPLAN FOR SALALAH 

FRESH WATER SUPPLY AND DEMAN 
PROJECTIONS 

FIGURE E.2 _ 

E-3 



salinities are higher suggests recharge and flushing from the adjacent Jebel is less than from 
the Jebel adjacent to the fresh water zone. 

The pumping tests which have been carried out in these wells indicate high transmissivities 
which may be a result of fracturing associated with the strong block faulting which formed 
the Jebel Al Qara. 

Although the Jebel Front area warrants further investigation as a potential source of 
additional fresh water, it is more likely to become a source of brackish water. As such it 
may still be an important component of the future water supply for Salalah. 

E.2.2 Brackish Groundwater 

Brackish groundwater can assist in providing Salalah with additional potable supplies by
being blended with fresh water drawn from the wellfields to extend the use of the fresh 
water aquifer. Brackish reserves underlying the central Salalah Plain were calculated to be 
about 153 million cubic metres, but other prospective parts of the aquifer were not included 
in this analysis. 

Brackish groundwater could be used either for blending or irrigation. There appears to be 
potential for significant untapped reserves in both the eastern and western Jebel Front areas 
and in the Wadi Adawnib catchment. Further exploratory work needs to be carried out to 
prove these resources. 

E.2.2.1 Water Blending 

The Salalah Plain is fortunate in having fresh groundwater resources of such high quality 
as to allow the concept of water blending to be a viable option for augmenting the potable 
water supply. 

Water blending entails the mixing of fresh groundwater drawn from existing wellfields 
with low salinity (2000 - 3000 microsiemens per centimetre) brackish groundwater to 
produce a product which remains well within the Omani standards for drinking water and is 
also acceptable to the people of Salalah. 

During 1990 the main Salalah wellfield (10 wells) extracted approximately 7 million cubic 
metres of groundwater with a mean salinity of 860 microsiemens per centimetre Similarly,
the Sadah wellfield which is located near the base of the Jebel Front extracted 
approximately 1.4 million cubic metres with a mean salinity oi 720 microsiemens per
centimetre. The water from both wellfields is classified as hard with a total hardness of 
250 to 300 milligrams per litre as CaCO3. 

The Omani Standard for drinking water specifies the following limits for total dissolved 
solids (TDS) as milligrams per litre. These valu:s can be converted to Electrical 
Conductivity (EC) in microsiemens per centimetre using the ionic ratio of 0.74 as 
determined from chemical analyses of water samples collected from the Salalah Wellfield as 
follows: 

mRg/L uS/cm 

Highest desirable level 500 676 
Maximum permissible level 1500 2027 

The groundwater currently abstracted from the Salalah and Saada borefields exceed the 
highest desirable level but are significantly less than the maximum permissible level. 
Therefore there is a significant potential for augmenting the existing water supply by the 
blending of fresh and brackish groundwater. The main benefit of water blending is to 
increase the overall amount of groundwater available for water supply without increasing
the demand placed on the fresh water zone. 
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Figure E.4 shows the effect of blending various brackish water types with water from the 
Salalah welifield at a salinity of 860 microsiemens per centimetre. The resultant salinity
rises according to the quality of the brackish water and the proportion of the blend. 

Table E.I lists the volume of brackish water required for blending during the 
masteiplanning horizon to meet the total potable water demand assuming 20, 25 and 30 
percent blend. 

TABLE E.A Requirements for Brackish Blending Water 1990-2020 

20% 	 Blend 25% Blend 30% Blend 
m3/day Mcm/yr m3 /day Mcm/yr m3/day Mcm/yr 

1990 4660 1.7 6000 2.2 7120 2.6
 
1995 5750 2.1 7120 2.6 8700 3.2
 
2000 7670 2.8 9590 3.5 11500 4.2
 
2005 9860 3.6 12330 4.5 14790 5.4
 
2010 11500 4.2 14520 5.3 17260 6.3
 
2015 12600 4.6 15750 5.75 18900 6.9
 
2020 13700 5.0 16990 6.2 20550 7.5
 

Potential brackish water sources suitable for blending may be located in the Jebel Front 
areas. If proven, it maybe possible to blend low salinity brackish water (2000 - 3000 
microsiemens/cm) from the Western and Eastern Jebel Front with fresh groundwater from 
the Salalah and Saada wellfields respectively. 

Prior to the blending of the brackish groundwater, it would be necessary to run the 
brackish water, which has hardness in the range 300 - 450 mg/L (as CaCO3), through a 
water softening plant. The purpose of the water softening plant, using the lime soda ash 
process, is to reduce the content of dissolved minerals, especially calcium and magnesium, 
and significantly reduce the hardness of the brackish water. 

Additional benefits of softening the brackish water include: 

" 	 Decreasing the salinity of the brackish water possibly below 1500 microsiemens per 
centimetre; 

" 	 Reducing the overall hardness of the blended groundwater supplying Salalah's 
potable demands; 

" 	 Removing a large proportion of the heavy metals (if any) which may exist in the 
groundwater e.g. lead, cadmium, silver, barium, trivalent chrome, arsenic and 
inorganic raercury; and 

o 	 Some degree of trace organic removal and partial disinfection of the treated water 
which will reduce algae growth in the treatment plant. 

E.2.2.2 Irrigation with Brackish Water 

There are some irrigated agricultural areas presently being supplied with fresh water which 
have possibilities of blending with brackish water without seriously reducing crop yields.
Where salinity levels permit, complete exchange of fresh water for brackish water could be 
considered. 
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The major constraint to brackish water use would be on agricultural areas overlying the 
fresh water aquifer because it would not be prudent to pollute the aquifer with saline water. 
Only areas outside the fresh water zone should be considered as possibilities for conversion 
to brackish water irrigation. 

Brackish water is used quite extensively by small scale farmers to the east and west of 
Salalah. Because there are no fresh water supplies, farms are compelled to irrigate from 
wells which in some cases have very high salinity water. 

During the farm surveys undertaken by the Consultant, salinity levels were measured in 
microsiemens/cm as follows: 

Area 
Dhariz North 

No. of Tests 
2 

Average Value 
2,400 

Range 
1200-3600 

Dhariz South 3 4,200 2600-5600 
Sahalnawt 2 6,500 6100-6900 
Hafah 6 1,663 1100-2800 
Awqad 8 6,538 3700-11900 
Salalah 6 3,967 3100-4800 

The results show very high salinities which suggest that yields must be very low. The 
farm at Sahalnawt (6900) is growing only rhodes grass and the farm at Awqad (11900) is 
growing both coconut and rhodes grass. As farmers are already using such high salinity 
waters and are continuing to do so year after year there is social acceptance and therefore 
scope for brackish water blending in areas using fresh water. 

A potential area for either brackish water blending or total use of brackish water is the 
proposed coconut plantation. The water sources for the potential site of the farm east of 
Razat farm have not yet been defined. Several sources have been considered from Wadi 
Darbat and Wadi Hamran blended with brackish water pumped from wells on the farm 
area. Coconuts have a high salt tolerance and the use of brackish water should be 
maximised. It should be pointed out that the appropriation of new fresh water for the 
proposed coconut plantation would conflict with the need to supply additional potable for 
Salalah. 

Great care must be taken in using brackish water which will not only affect crop yields but 
also cause salinity build up in the soils. Soil water relationships would need to be 
carefully monitored and adequate leaching water must be provided in irrigation 
applications. 

E.2.3 Recharge Dams 

Recharge dams represent a potential new source of water, since they capture flood flows 
which would otherwise be largely lost through runoff to the sea and divert the water into 
aquifer storage. A recharge dam is now being constructed on Wadi Sahalnawt, and this 
has been evaluated in terms of economic and technical viability. 

The main issue for the development of recharge dams is the confidence which can be 
placed in the calculation of benefits from storage of flood waters. The scarcity of surface 
runoff data for Salalah and the associated high variability of the hydrological data make 
forecasting of actual quantities to be stored extremely difficult. Added to this, cyclonic 
storm events have an average return cycle of once in 6 or 7 years. During the intervening 
years any runoff would infiltrate anyway without the need for recharge dams. Hence, 
benefits can be achieved only from the storm events. 

Construction of the Sahalnawt dam commenced in June 1990 on an original schedule of 15 
months. Owing to restrictions on the use of local materials, re-designs were required,
particularly on the emergency spillway. This has delayed completion to September/ 
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October 1992 and has substantially increased the cost above the tendered contract price of 
RO 3.88 million. 

The main benefit is claimed to be additional water recharged to the fresh water aquifer for 
use by small farmers along the Salalah coastal strip. The benefit has been calculated from 
the estimated amount infiltrated by the dam from a storm event every 6 to 7 years and then 
divided by the number of years, ie. 0.61 million cubic metres per year. It is extremely
doubtful that this volume could be made available without losses for agricultural use over 
such a long period of years between storm ev,.nts. Perhaps half this amount might be 
available for abstraction for agriculture. Further, while a 'slug' of infiltrated water from the 
dam every 7 years could have some beneficial eff,;i on retaidation of the advance of the 
saline interface, it would have no effect during the intervening years. Hence it is not 
realistic to include this uncertain and unquantifiable benefit. Flood protection is perhaps a 
benefit that could be directly measured from a storm event. 

The economic analysis undertaken by MacDonald and Partners (1989) is summarised in
Table E.2. A more realistic economiL evaluation, taking into account increase in costs and 
reduction in benefits, is also included in the same table. 

The indicative results in the table show that the S2 recharge dam is even less attractive than
given in the 1989 report and these results are still based on tenuous flood data. The cost of 
water is estimated to be not less than RO 1.36 per cubic metre based on a capital recovery
factor of 0.102 (10 percent over 40 yrs). 

In conclusion the Consultant does not support recharge dams as an economically viable 
means for aquifer recharge. However a comprehensive monitoring programme should be 
conducted on the S2 dam to improve the knowledge of the technology and to quantify flood 
estimates. 

E.2.4 Fog Harvesting 

The monsoon which occurs during June through September each year is characterised by
large amounts of fog moving across the Salalah Plain, up and over the Jebel and dissipating
in the Nejd. Considerable discussion and several recent studies have been directed toward 
the possibility of intercepting this fog and capturing it either for direct use by Jebalis or for 
recharge to the fresh water aquifer. 

COWIconsult (1990) carried out a comprehensive study of fog collection using a variety of 
different collecting screens, shapes, sizes, height above ground and locations in the Jebel. 
As might be expected for an experimental study of this nature, results were highly variable,
depending on the relative influence of the factors mentioned above. From a technical 
perspective, it can be stated that the experimental studies demonstrated quite conclusively
that the monsoon fog can be captured using mesh screens erected for that purpose. The
economic analysis, however, told quite a different story. Taking into account all 
appropriate capital, operational and maintenance costs, fog water production costs varied 
from a low of RO 2.0 per cubic metre to a high of RO 55.7 per cubic metre, with the lower 
figures being generated from areas of highest unit productivity. Further, when storage and 
distribution costs were included, the cost of fog water for domestic or livestock use in the 
Jebel rose to in excess of RO 6.0 per cubic metre, and over RO 14.0 per cubic metre for a 
reforestation programme. 

In its analysis of fog water economics, COWlconsult developed costs for water supplied
by boreholes for comparison. These calculations showed an average cost of RO 2.2 per
cubic metre, including RO 1.6 per cubic metre in distribution costs. It is perhaps arguable
whether the high distribution costs are defensible, but even accepting that, the cost of 
borehole water for use in the Jebel is so much lower than that of fog water that 
comparisons become almost meaningless. Finally of course, borehole water represents a 
far more dependable year-round supply than does fog water. 
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TABLE E.2 Revised Economic Analysis of Recharge Dams 

MMP Dames & 
Benefits Report Moore 

Assessment 
Additional water stored & recharged (Mcm/yr) 0.61 0.30 

Agricultural water use (m3 /ha/yr) 15088 * 25147 * 

Land irrigated per year (ha) 40.4 

Crop value (RO/ha/yr) 2950 ** 1750 ** 

Croo value (RO/yr) 119267 20825 

Saline interface (RO/yr) 30000 -

Flood protection (RO/yr) 53926 53926 

Total benefit (RO/yr) 203193 74751 

Costs 
Capital cost (RO x 106) 3.48 > 3.88 

Maintenance costs (RO/yr) 11588 > 12920 

Internal rate of return 3.1 Neg. 

Benefit/cost ratio 0.8 0.18 

• Net use of 15088 m2/ha/yr should be gross use of 25147 m3/ha/yr 
•* Gross farm income of RO 2950/ha should be net income of RO 1750/ha 

Apart frcm mechanical fog water harvesting, considerable attention has been given to the 
concept of increasing recharge to the aquifer through fog capture by trees planted as part of 
a reforestation programme primarily designed for that purpose. One has only to drive 
through the Jebel to appreciate the damage and denudation being caused by the intense 
browsing and grazing pressure of the large herds of cattle, camels and goats. And, while 
that is clearly deleterious from a range management and aesthetic point of view, it is not 
clear that this denudation is having an equally deleterious effect on aquifer recharge.
However, additional evaluation is required to determine whether reforestation in the "qatn" 
zone might not provide significant fog capture potential. 

E.3 Water Demand Reduction 

E.3.1 Improved Irrigation Practices 

To determine crop areas and existing water use on small farms, the Consultant undertook a 
farm survey on 29 farms located across the small farm community. Results have shown 
that water abstraction greatly exceeds the needs for crop production. There is no 
measurement of quantities pumped. On average, efficiency ha.; been calculated to be as 
low as 26 percent, ie, over-application is some 3 to 4 times the crop water requirement. 

This gross over-pumping is having harmful effects in three ways. Although most of the 
water pumped returns to the shallow aquifer, the excessive lowering of the water table will 
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have the effect of inducing saline intrusion. Pumping less water will reduce the rate of 
saline advance. The second harmful effect is to the farmer himself who is paying three 
times as much as he needs to in pumping costs. Electricity is very cheap due to existing 
subsidised rates and hence there is little incentive to reduce pumping hours. Further, the 
management structure based on hired expatriates operating the farms is not conducive to 
save pumping costs. The third harmful effect is the loss to the system from evaporation 
due to water lying on the surface. 

Although traditionally small farms use basin and furrow irrigation methods, some of the 
more wealthy farmers have converted to overhead systems such as solid set sprinkler, 
raingun, spray (linear move) and drip. These higher technology systems are expensive 
and generally beyond the means of the majority of small scale farmers at the present time. 
However such improved methods need to be considered for the future when income and 
training permit. The improved efficiencies of these overhead systems will bring about 
approximate net savings as follows: 

- Solid set sprinkler or raingun systems, applicable for grains and vegetables, 
would cost RO 2000 per hectare. Improved efficiency would be 15 percent (60 
percent to 75 percent) giving a savings of 5800 cubic metre per hectare. Annual 
costs for pumping RO 140 per hectare and maintenance RO 140 per hectare and 
capital recovery factor 0.163 (10 percent at 10 yrs) gives acost of water of RO 
0.10 per cubic metre. 

- Spray systems (linear move) for the above crops, but not trees, would cost RO 
2700 per hectare, producing an increased efficiency from 60 percent to 80 
percent, yielding savings of 7280 cubic metre per hectare per year. With annual 
costs and capital recovery factor as above the cost of water would be RO 0.10 per 
cubic metre. 

- Drip systems for all crops would cost RO 6000 per hectare, increasing 
efficiency from 60 percent to 90 percent yielding anet saving of 9710 cubic metre 
per hectare per year. Annual costs of RO 560 per hectare and a capital recovery 
factor of 0. 163 gives cost of water to be RO 0.16 per cubic metre. 

- Windbreaks and Shade Cover discussed in the Basis of Planning Report 
should also be encouraged wherever possible to reduce evaporation losses. 
However benefits in relation to improvements discussed above would be 
minimal. 

Most of the larger farms already use these systems so there is little scope for improvement 
of efficiency except by converting from sprinkler to spray (75 percent to 80 percent 
efficiency), and sprinkler to drip (75 percent to 90 percent). Razat Farm will shortly be 
replacing their rainguns with linear move systems on 100 hectares of fodder production 
which will improve efficiencies by about 5 percent. Their 80 hectare coconut plantation 
could also be converted from furrow to drip, thus improving efficiency from 60 percent to 
90 percent. These improvements would yield savings of 1600 cubic metre per year and 
800,000 cubic metre per year, respectively. 

For centre pivot systems, particularly at Garsiz Farm, small improvements in efficiency 
could be made by using extensions to pivot systems to fill corners rather than using 
rainguns as at present. 

E.3.2 Reduced Fodder Production 

The principal consumer of groundwater from the Salalah aquifer is large scale fodder 
production. Thirty-five percent of all water abstracted from the aquifer is used to produce 
fodder. The fodder is produced on Government-owned land in the middle of the fresh 
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water zone of the aquifer. Reducing this fodder production is, therefore, a principal
alternative to establishing a costly desalination plant. 

There are two organisations which undertake large scale fodder production usinggroundwater from the fresh water aquifer, namely the Dhofar Cattle Feed Company and the 
Ministry of Agriculture and Fisheries. The latter produces fodder as part of its programme
of livestock research, and the agricultural research department also has a small fodder 
production programme on 10 hectares. 

A number of options exist to save the fresh water currently used to produce fodder at 
Garsiz Farm. They include: 

o 	 Siting a reclaimed water recharge operation in Garsiz Farm would require a total of
60-70 hectares, and this would save about 1.5 million cubic metres per annum. It
would also permit the recharge of about 14 million cubic metres of treated 
wastewater by 2020. The cost to Dhofar Cattle Feed Company of losing 19 percent
of its fodder production can only be estimated, but probably most of the 19 percent
represents fodder sales to the Jebalis. 

" The second option is the outcome of the recommendation in the Regional Land Use
Plan that I ll hectares of Garsiz should be made available for urban development.
This represents 31 percent of the gross fodder area, and terminating fodder
production on it would yield annual water savings of approximately 2.33 million 
cubic metres. A 31 percent reduction in fodder output would have a significant
impact on Dhofar Cattle Feed Company activities at Garsiz. It would substantially
reduce, if not eliminate, fodder sales to the Jebalis. If left with insufficient fodder 
for its dairy herd, the company would be obliged to purchase fodder from the north 
or from imported sources. As above, the financial implications of losing 31 percent
of its fodder can only be estimated. However, the water savings of 2.33 million
cubic metres would only delay the requirement for an alternative water supply for 
four to five years. 

" 	 A third option is to reduce fodder production to the amount required for the
company's own dairy herd at Garsiz, and eliminate all fodder sales to the Jebalis.
But, in the absence of production data, the amount of water that could be saved is 
unknown. 

" 	 Replacing some or all of the fodder with crops that consume less water is also an 
option. Many vegetables require substantially less water than fodder if they are
cropped only once per year, and some could be double cropped and still yield water 
savings over fodder. Vegetable production provides the highest economic return 
per unit of water used. It is also financially profitable. Tomatoes, chilli peppers,
cabbage and cucumber are all profitable crops. The scope for increasing
profitability is enormous, since virtually no farmers are making use of the available 
advanced technology for horticulture. One of the key technology options is the
adoption of cultivation methods which substantially lengthen the normal harvesting
period, enabling produce to reach the market both before and after the main harvest
period. This is necessary to overcome the constraint imposed by the limited size of 
the market in Salalah. Water savings could also be increased by growing the
vegetables using trickle irrigation systems, thus reducing evaporation losses. For 
example, growing a double cron of tomatoes on 50 hectares using trickle irrigation,
would halve the water presentl) consumed on fodder. Conversion of the whole or 
a substantial part of Garsiz Farm to vegetables or other crops using relatively small 
quantities of water would be dependent on adequate market outlets either in Oman 
or in neighbouring states. 

o The next two options aim to achieve maximum water savings of 7.55 million cubic 
metres 	per annum by terminating all fodder production at Garsiz. The first one 
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simply involves the elimination of fodder production with the dairy herd being 
totally supplied by purchased fodder. The cost implications would be considerable 
as fodder imported from the north is much more costly as it includes an average 
transport cost of 500 baisa per bale. 

o 	 The final option involves relocation of Dhofar Cattle Feed Company fodder 
production from Garsiz Farm. Expansion of its existing farm at Sahalnawt is not 
possible as adjacent land is already occupied or allocated. Alternative sites for 360 
hectare fodder production do not exist elsewhere in the Salalah Plain because of 
poor soils. Relocation of fodder production in the Nejd is a feasible option. Other 
organisations, the PDO at Marmul and private farmers at Dawkah have established 
fodder farms. As indicated for the MAF Livestock Research Station above, the 
capital costs ii volved in the relocation would be limited to well construction, 
buildings, fencing, access roads and generators. Machinery and equipment 
including the irrigation systems would be transferred to the new site. The ongoing 
feasibility studies of agricultural development in the Nejd will provide an indication 
of specific locations where suitable soils and adequate supplies of usable 
groundwater exist. The estimated capital costs of relocating the 360 hectare fodder 
production farm to the Nejd are shown in Table E.3. 

TABLE E.3 Capital Costs of Relocating 360 hectare Fodder Farm in 
the Nejd 

Quantity Rate R.O. 

Land Provided by Government 
Topographical Survey 15,000 
Well Construction 30 Nos. 59,410 1,782,300 
Road Access 25 Km. 2,400 60,000 
Additional Pumps (30 less 15 existing) 15 Nos. 11,000 165,000 
Buildings: Storage, Workshops 3,000 m2 65 195,000 

Accommodation 1,000 m2 105 105,000 
Farm Office 200 m2 95 19,000 

Fencing 8,000 m 12 96,000 
Pipe Distribution 12,000 m 8.28 99,400 
Power Generation & Distribution 180,000 
Dismantling Existing Irrigation System, 50,000 
transport of movable plant, and re-assembly 
10% physical contingencies 276,700 
Total Capital Costs 3,043,400 

The principal cost is the construction of 30 new wells, each costing RO 60,000. The 
number of wells could be reduced if yields exceed 15 litres per second. 'The project at 
Marmul uses only 3 wells per 60 hectares. The cost of well construction is 64 percent of 
total capital costs. 

Recurrent costs are estimated as follows: 
Depreciation of equipment 126,700 
Pumping Costs 94,000 
Maintenance 7!,800 
Farm Inputs (Seeds & Fertilisers) 289,700 
Labour 40,000 
Administration, etc. 10,000 

TOTAL 	 632,200 
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The estimated revenue would depend on the yield of rhodes grass. The yields of 45 tonnes per hectare per annum obtained at Marmul were due to very good soil development and
good management. A more reasonable estimate for planning would be 35 tonnes per
hectare, although this yield could only be expected in the third year, as the experience at
Marmul indicates the need to build up soil fertility with adequate organic matter. In the first
and second years, yields would be 30 percent and 60 percent of 35 tonnes. With a price of
RO 80 per ton (0.960 Baisas per 12 kg bale) this would produce a gross revenue of RO
2,800 per hectare in the third year. The gross revenue from 360 hectares of rhodes grasswould be RO ,008,000. On the basis of these estimates, the production of rhodes grass
would be provide an annual profit of RO 375,800. 

Allowing for replacement of vehicles, machinery and irrigation system changes every 5 years, and pump and fencing replacement every 10 years, this investment would yield an
internal rate of return of 9 percent. These calculations are based on very approximate cost
estimates, and make extensive use of cost data in the Report on the Desert Agricultural
Project of April 1988, and on the W.S. Atkins Regional Development Plan for the
Southern Region, August 1989. Changes in the cost of well construction could radically
alter the rate. 

The relatively low rate of return suggests that the Dhofar Cattle Feed Company should
receive financial compensation for relocating fodder production from Garsiz in the Nejd. Ifthe Government were to provide a grant to cover the capital costs, rhodes grass production
would be profitable. The value of the water saved at Garsiz over a 20-year period has been
obtained by amortising the capital costs (using a discount rate of 10 percent) to an annual
figure, divided by the annual consumption at Garsiz. This would indicate that the cost of
saving the 7.55 million cubic metres of water is RO 0.047 per cubic metre. 

To conclude, options exist to reduce consumption of varying amounts of freshwater by
scaling down fodder production. Water savings vary from 1.5 million cubic metres per
annum obtained from the 60 - 70 hectares at Garsiz Farm which could be converted to a
reclaimed water recharge operation to 10.8 million cubic metres per annum obtained from
completely terminating fodder at both Garsiz Farm and the MAF Livestock Research
Station. Both organisations make extensive use of centre pivot irrigation, with different
sized units, so scaling down fodder production could involve taking units progressively out 
of use. 

E.4 Use of Reclaimed Water 

E.4.1 Introduction 

The reuse of reclaimed water is practiced most satisfactorily in many countries. This is
especially important in arid areas, where reclaimed water reuse for selected purposes
enables scarce groundwater, or expensive desalinated water, to be reserved for the highest
value use, namely potable water supply. Such satisfactory examples must be distinguished
from the reuse of inadequately treated wastewater, which also occurs and generally results 
from inability to provide the needed treatment facilities. 

Controlled reuse is a rapidly growing trend in many parts of the world, including the
Middle East, the USA and Europe. There are many examples of satisfactory reuse of
reclaimed water, in Morocco, Tunisia, Kuwait, Bahrain, Jordan, Cyprus, France,
California, Arizona, Texas, Florida, and many other locations. In most of these places,
increased use of reclaimed water is planned for the future. 

The conditions in Salalah are such that reclaimed water has great potential to replace
groundwater for uses that do not require potable water. The users can be given the
protection of a sufficient level of treatment, combined with other appropriate protective
barriers, to safeguard both health and aesthetic concerns. 
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In fact, multiple reuse of river waters for direct human consumption occurs on all 
continents. The waters of many major rivers have been completely withdrawn, treated,
consumed, treated as wastewater, discharged back to the river, and withdrawn again
several times over by the time that they reach the sea. The concept of reclamation for any
type of reuse, including potable reuse (which is not being considered here), is therefore 
not a radical new departure. 

E.4.2 	 Regulatory Basis 

In Oman, the Regulations for Wastewater Reuse and Discharge (Ministerial Decision 5/86 
dated 17 May 1986) provide for alternative methods of reuse to be: 

o 	 In a buried drip feed system for the irrigation of ornamental trees and shrubs in 
areas where there should not be public exposure; 

o 	 In approved groundwater recharge systems in areas where there should not be 
public exposure. These areas may include open land or wadis; 

o 	 Reuse of reclaimed water for industrial processes where there will not be any
danger to the workers. Full details of such reuse is to be submitted when making
the application for a Permit to Discharge; and 

o The reuse of reclaimed water for flood, hosepipe, sprinkler or spray irrigation shall 
not be permitted without the prior consent of the Ministry of Environment. 

E.4.3 	 Potential Applications 

The key -otential uses for reclaimed effluents in Salalah are direct use for irrigation,
groundwater recharge, recreation and amenity. These are discussed fully inmore 

Appendix D, where supporting information is presented on relevant experience elsewhere.
 

Direct Use for Irrigation 

Irrigation is the major consumer of fresh groundwater in Salalah. The quantities have been 
estimated to be almost 32 million cubic metres annually. 

In many countries, controlled irrigation is undertaken using partially treated wastewater,
without observable health impacts. While in such cases the consumers of irrigated foods 
could be protected by limiting the types of plants irrigated, a risk to the health of farmers, 
particularly from helminths, would exist. 

However partial treatment is not appropriate here. Full treatment is proposed. Treatment 
facilities, including appropriate tertiary treatment, that are properly designed, constructed 
and managed, will not only meet the requirements of the Oman regulations on treatment and 
reuse, but will also provide clear, disinfected water that is safe for irrigation of any crop
and for the farm workers. However, while it would be safe, direct use on vegetables to be 
eaten raw is not recommended. There is a major opportunity for reduction in demaniis for 
fresh groundwater through the direct use of reclaimed water for the irrigation of fodder at 
the Garsiz Farm. In practical terms, the supply of reclaimed water could be connected into 
the existing irrigation distribution systems without much difficulty and at relatively low 
cost. 

A second potential opportunity is presently under consideration for the irrigation of a new 
coconut scheme for the production of coconut oil. The potential location is east of Razat 
Farm. 
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A preliminary study has been undertaken by HVA (1991) in which some 370 ha of suitable 
soils were identified in 3 blocks (240 ha, 90 ha and 40 ha). The preferred development
option of two water sources considers groundwater in the coastal plain in Wadi Arzat and 
Khaysh catchments with Ain Hamran flow and secondly, development of Ain Tubrok and 
a spring in Wadi Eltron and wells between Hamran and Taqah. Brackish water within the 
farm area would also be mixed with the combined water sources. 

Abstraction of these fresh water resources would be in conflict with the objectives of this 
Masterplan, by which the need for primary use must take precedence. HVA make mention 
of the use of reclaimed water as a possible source, but do not give it much importance. 

There are several distinct advantages for irrigating coconuts with reclaimed water: 

- Being a tree crop, coconuts are far removed from direct contact with recl-imed 
water;, 

- Surface irrigation methods are possible using tertiary high standard reclaimed water; 

- Drip inigation methods are also possible but capital and annual costs would be 
higher although water consumption less; 

- Towards the end of the planning horizon the supply of reclaimed water would meet 
the demand of 9.86 million cubic metres per annum under surface irrigation or 6.57 
million cubic metres under drip irrigation; 

- Human contact would be confined to the management on the farm, although the 
degree of health risk would be negligible; and 

- Reclaimed water use can be properly managed under an estate management. 

The disadvantages of using reclaimed water for a coconut plantation are that the location is 
outside the fresh water aquifer and this water would therefore be lost to the fresh water 
cycle and also that the supply of reclaimed water would not fully meet the demand of the 
coconut plantation until about 2010. 

There are very limited opportunities for using reclaimed water on any other irrigation
enterprises around Salalah due to the fragmentation of the small farms, the high cost of 
distribution and management of such schemes. Moreover, socially it would be extremely
difficult to persuade a small scale farmer to use a reclaimed water supply rather than his 
own fresh water well. 

Groundwater Recharge 

In Salalah, excessive withdrawals from the fresh groundwater resource are causing a net 
reduction in the stored volume and increasingly rapid encroachment by adjacent brackish 
and saline waters. Within a few years, farmers in the nearshore areas over the fresh water 
aquifer will be the first to suffer from this saline encroachment. If withdrawals continue 
unchecked, the fresh water zone will diminish until it effectively ceases to be a significant 
resource. 

A major opportunity exists to maintain fresh water supply to farmers in the Dhariz area, a'id 
to establish a barrier against saline intrusion, by recharging the fresh water aquifer with 
reclaimed effluent. Reclamation of wastewater will produce water that is effectively of 
drinking water quality, including with respect to pathogens, even though it is not intended 
that the water be drunk. It is proposed that this water be recharged into the fresh water 
aquifer at two locations - in the coastal agricultural strip and at Garsiz Farm. Recharge in 
the coastal strip will have the effect of supplying fresh water to those areas which may
become more saline once sewerage is installed and the recharge component derived from 
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septic tank leakage is lost. Recharge to the aquifer at Garsiz Farm would occur 
predominantly during the monsoon when demands on the aquifer in the coastal strip are 
substantially reduced. This dual recharge system has the advantage of flexibility in that the 
needs of the small farmers can be inet as required, and the water can be stored in the aquifer
during the monsoon, for later use. The amount available to be recharged has been 
estimated to be up to approximately 39000 cubic metres per day by the planning horizon. 

Recreation 

There are very limited recreational facilities and amenities in Salalah. The amenity areas 
with irrigated grass and shrubs that have been established alongside Robat Road and other 
streets in Salalah within the last few years are already very popular gathering places in the 
evenings. Typically, over 100 cars can be seen parked along this roadway every evening.
The few other grassed areas including the Public Park, as well as the beaches also draw 
residents on a regular basis. It is estimated that about 900 people typically use these areas 
on a daily basis. During the khareef, tourists also use the amenity areas. 

From this, it is concluded that there is an unmet demand for recreational amenities in 
Salalah which would require water for their establishment and maintenance. The types of 
amenities tentatively envisaged include grassed areas, within which could be various 
speciality sports or amusement sections, and a small lake for ornamental fish, boating or 
other non-direct-contact uses. 

There are numerous examples of the successful use of reclaimed water for recreational use 
in the Middle East and the United States. These schemes have mainly been initiated in ard 
areas because of the high value of water in such areas. 

E.4.4 Costs and Benefits of Reclaimed Water Use 

Incremental economic costs associated with using reclaimed water have been estimated at 
about 100 Baisas per cubic metre both for the coconut plantation and for fodder irrigation.
The overall economic benefits from commercial fodder production using reclaimed water 
cannot be calculated because of restricted access to the data. However, all reclaimed water 
used for irrigation on either the MAF Livestock Research station or Garsiz Farm, would 
replace the existing pumped supply of fresh water, which has a potable value of 440 Baisas 
per cubic metre. Regardless, therefore, of the impact of the incremental economic costs on 
the viability of fodder production, reuse of reclaimed water on the fodder farms provides
substantial economic benefits, through reducing the demand for agricultural water from the 
aquifer. Priority should therefore, be given to using reclaimed water for fodder 
production, if fodder production is to continue at this location. 

Irrigating the fodder farms would, therefore, have a significant impact on the water 
balance. But whereas it is assumed that reclaimed water could be recharged to the aquifer 
as soon as it is treated, namely starting in 1995, use of the same water for fodder irrigation
would not take place until 2000, after the necessary modifications to the irrigation system
have been made. The annual water requirements of both the MAF Livestock Research 
Station and Garsiz Farm could absorb all the available reclaimed water up to 2015. 
Reclaimed water surplus to fodder irrigation requirements would only be available for 
coconut irrigation after 2015. 

The economic benefits of using reclaimed water on the proposed coconut plantation have 
been estimated using cost data for the water supplies and plantation infrastructure data for 
farm inputs and yield build-up from Landell Mills (1989). Yield projections at full 
development are estimated at 16,700 nuts per hectare, significantly higher than the 
feasibility study estimate. These projections are based on MAF information provided to 
Mott MacDonald International (1990), and JICA (1990), and are considered to be more 
realistic. Using these cost and yield data, the plantation would generate an economic 
internal rate of return of 7 percent. Although this is below the opportunity cost of capital, 
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and would indicate that the project when considered by itself has marginal economic 
viability, the plantation is planned to provide raw material to a coconut processing plant. 
The overall economic benefits from the plantation and the processing plant are higher as a 
result of increased value added. Thus, the use of reclaimed water for the coconut plantation 
is an economically beneficial use of the reclaimed water. The financial returns are higher 
because highly subsidised electricity costs and pumping costs are a major component of 
annual costs. 

E.5 Desalination 

E.5.1 Introduction 

Augmentation of the water supply for Salalah can be achieved in a variety of ways. Among
those considered as part of the Water and Wastewater Masterplan for Salalah is desalination 
of either seawater or brackish water to produce water of potable quality. 

Desalination technology has been in use for several decades and, through resea-ch and 
development on processes to improve the technology continues, it is a proven, viable and 
widely used system to produce potable water where other potable water sources are 
unavailable or inadequate. Desalination is used in parts of the United States, the Caribbean 
and extensively in the Middle East and Gulf areas. Muscat produces a large percentage of 
its drinking water through desalination and is presently constructing additional desalination 
facilities to supplement those already in operation. 

In most situations, the question of whether to build a desalination facility is not a major 
one. That is, desalinated water is identified as a requirement because no other viable 
sources of potable water are available. Thus, for example, Saudi Arabia operates a large 
number of desalination facilities, owing primaily to a lack of fresh groundwater sources. 

Salalah is extremely -ortunate in having a fresh groundwater aquifer which is recharged 
annually through monsoonal precipitation occurring each summer. However, Salalah's 
fresh water aquifer is currently in deficit and, based on projected increz ses in demand over 
the next 20 years, that deficit will increase dramatically unless steps are taken to reduce that 
deficit by either reducing demand or increasing supply. Other sections of this report 
address a variety of ways to either reduce demand or increase supply. However, to 
provide a rational basis for decision-making, it is appropriate to evaluate the possibility of 
constructing and operating desalination facilities to increase the supply of potable water 
available to the residents of Salalah. 

In order to evaluate the desalination option, it is necessary to address several interrelated 

questions including: 

o What type of desalination technology is most appropriate? 

o Where should the facility be sited? 

o What size of facility or facilities may be required? 

o What are the environmental implications of a desalination facility in Salalah? 

o What are the economics of desalination for Salalah? 

E.5.2 Desalination Technology 

As discussed in Section 5.3.3.1 of the Basis of Planning Report, there are two fully 
commercial and widely utilised types of desalination plants available today, multi-stage
flash distillation (MSF) and reverse osmosis (RO) and, while other systems are 
commercially available (such as, for example, multi-effect desalination [MED]), the vast 
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majority of plants currently in operation or under construction use either MSF or RO 
technology. 

Perhaps two-thirds of the large new desalination plants being operated today, including
four existing units in Muscat, utilise MSF technology. A fifth unit, currently under 
construction, is likewise an MSF unit. 

In the Basis of Planning Report, it was suggested that, when and if desalination became a 
requirement for Salalah, an RO facility utilising brackish water might be most appropriate.
This was premised on a perception at that time that available supplies of usable brackish 
ground water were very large. While the total brackish groundwater storage on the Salalah 
Plain is in the range of 157 million cubic metres, this total is divided into two storage areas, 
one either side of the fresh water aquifer. Assuming an efficiency of about 40 percent for 
an RO plant, a facility designed to produce 19,000 cubic metres per day (6.9 million cubic 
metres per year) would require influent brackish water amounting to 17.3 million cubic 
metres per year, an amount which may not be sustainable for more than 10 years. This is 
far too short a life for such a facility. Further, if the desalination option is adopted to 
maintain adequate potable water supplies for Salalah, it is likely that several desalination 
plants of 19,000 cubic metres per day capacity would be required over the planning horizon 
(1990-2020). In consequence, the concept of a brackish water RO plant has been set aside. 

The Ministry of Electricity in Salalah currently has 94 megawatts of installed capacity, with 
an increase to 300 megawatts forecast by 2010. This forecast does not include any 
provision for possible desalination facilities. However, it does offer scope for 
consideration of a dual purpose plant, combining electric power generation with production 
of desalinated water, utilising waste steam from the boilers as the steam Itat source for an 
MSF unit. 

While energy requirements, in the form of steam and electricity, account for over 80 
percent of direct operating costs, the acutal energy requirements, on a cubic metre of water 
produced basis, are relatively modest. Based on information provided by MEW for the 
Muscat desalination facility, electric power requirements are about 3.5 kilowatt-hours per
cubic metre of water produced, while one ton of steam is required to produce seven tons of 
desalinated water. Translating these figures to overall power requirements, it is estimated 
that, for preliminary planning purposes, each unit with a capacity of 19,000 cubic metre per
day would require approximately four megawatts of installed generating capacity. In view 
of the planned expansion of Salalah generating capacity from the present 94 megawatts to 
300 megawatts by 2010, the additional capacity which might be required for desalination is 
not significant. 

E.5.3 Siting Considerations 

Utilising MSF technology, a coastal location is required to provide both a ready source of 
influent seawater as well as a convenient mechanism for disposal of the reject brine 
produced by the process. Additionally, of course, the facility should be co-located with a 
power generation facility to take advantage of the dual purpose plant concept and the 
economies which that concept affords. 

In Salalah, there are two possible areas to consider for locating a power generation/water 
desalination complex: 

o In the vicinity of the existing power plants near Raysut; and 

o Near the satellite receiver station between Salalah and Taqah, an area which has 
provisionally been nominated as the southern terminus of a proposed natural gas
pipeline from Marmul designed to provide an economical energy source to the 
Salalah area. 
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Based on information provided by the MEW, Directorate General of Electricity, Muscat, 
approximate!y 6 hectares would be required for a power plant and about 20 hectares for an 
associated desalination unit. Therefore, for siting purposes, an area of about 30 hectares 
would be required, recognising of course that, as additional desalination units are required 
to meet increasing potable water requirements, additional area at the chosen site would be 
required. MEW is currently constructing an additional 22,000 cubic metres per day unit at 
the Muscat site, requiring an additional 9 hectares. 

If it is assumed for planning purposes that a maximum of two desalination units might
ultimately be required, the total siting requirement would be approximately 40 hectares at 
full development. Either the Raysut or satellite station areas could accommodate this 
requirement, though there is more flexibility in siting at the satellite site station location. 

In addition to space availability, siting considerations must take account of other 
infrastructure components, such as fuel availability, handling and storage, access to 
transmission (power) and distribution (water) lines, and availability of brackish 
groundwater for possible blending with desalinated water prior to its distribution to 
consumers. 

The satellite site is removed from any existing power or water distribution systems and 
would require construction of those facilities to link up with the existing water and power 
grids. Since the concept of the satellite site is premised on the availability of natural gas
from the proposed Marmul-Salalah gas pipeline, availability, handling and storage of fuel 
would not be an issue. However, based on tht somewhat incomplete infonnation which 
the Project Team was able to obtain, the status of planning and, more importantly, timing 
of the construction and operation of the gas pipeline is very much open to question. 

A study is currently underway by PDO and the Ministry of Petroleum and Minerals (MPM) 
to evaluate various means, including the Marmul-Salalah natural gas pipeline, of providing
additional energy sources to the Salalah area. Should that study demonstrate the viability of 
the gas pipeline concept, a feasibility study would then be commissioned to study the 
concept in detail. Based on the results of the feasibility study, a basis for taking a decision 
on implementation of the project would then be available. In the view of the Project Team,
the concept of the availability of natural gas at the satellite site is still too ill-formed to be 
used as a basis for designing the Salalah Masterplan. 

With respect to infrastructure considerations, the Raysut site, since it is an existing power
generation site, is already well-suited. Fuel storage and handling facilities are available, 
though as the size of the operation increases over time, those facilities would require
expansion. The Raysut site is, of course, already a part of the power grid and is well
located for the integration of a desalinated water source into the existing and planned water 
distribution system. Further, brackish groundwater for blending with desalinated water to 
reduce its corrosiveness is readily available in the area north and northwest of Raysut. 

On balance, the Raysut location is perceived to be a better site for locating a desalination 
facility than the satellite area, in the absence of any assurance of an economical fuel source 
at the latter site. However, the cost differentials between the two sites would be related 
primarily to infrastructure requirements rather than capital and operating costs of the dual 
purpose plant itself. In consequence, should the question of the construction of the 
Marmul-Salalah natural gas pipeline be resolved in the early years of the planning period
and the availability of an assured natural gas supply become a reality, the issue of optimum
siting of a power generation/desalination complex could be re-examined prior to taking a 
final decision. 

E.5.4 Sizing of Desalination Units 

Capital costs for desalination plants are very sensitive to the economies of scale. For 
example, capital costs for a 38,000 cubic metres per day plant are slightly more than six 
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times greater than those of comparable plant of 3,800 cubic metres per day capacity.
Similarly, economies of scale impact annual operating costs, though not as dramatically as 
in the case of capital costs. It is clear, however, that larger sized MSF plants (19,000 cubic 
metres per day and above) are much more economical to construct and operate than smaller 
units. This fact therefore strongly influences the selection of plant size which may be most 
appropriate for Salalah. 

The amount of desalinated water which may be required to fulfil the Salalah requirements 
over time will, of course, ultimately be determined by the choice of a specific Masterplan 
alternative. However, in order to assist in making that choice, it is necessary to provide
information on the implications, economic and otherwise, of the use of desalinated water 
and, in order to do that, it is necessary to make certain assumptions regarding water 
requirements and plant size. 

The water supply and distribution projections indicate that, depending on the water supply
option selected, water produced by desalination could vary from zero to in excess of 21 
million cubic metres per year (57,500 cubic metres per day) by the end of the planning
horizon. This total could be reduced by blending of the desalinated water with, perhaps,
30 percent brackish groundwater. Such blending would have the dual benefit of (1)
reducing the amount of desalinated water required, and (2) reducing the corrosiveness of 
the desalinated water as it comes from the plant. Incorporating 30 percent brackish water 
would reduce the maximum desalinated water requirement to about 14.2 million cubic 
metres per year (38,900 cubic metres per day). 

Owing to the economies of scale described above, a desalination plant of about 19,000 
cubic metres per day capacity (6.9 million cubic metres per year) is believed to be the 
minimum size which should be considered. Thus, for planning, costing and staging 
purposes, two desalination plants of 19,000 cubic metres per day capacity each are 
envisaged to be brought on line in about 1995 and 2010, respectively. The precise size and 
timing of these facilities would be determined at the time detailed design was initiated. 

E.5.5 Environmental Implications of Desalination 

From an environmental perspective, desalination using MSF technology is a relatively
benign system. There are two aspects of the system which have potential environmental 
consequences. First, the reject brine from the process, which amounts to 65-70 percent of 
the intake water, has a total dissolved solids value of about 48,800 milligrams per litre,
based on an intake value of 35,000 milligrams per litre TDS and a product value of 500 
milligrams per litre TDS. While the brine reject is about 40 percent more saline than 
seawater, the volume is relatively small and, provided it is disposed of away from any
sensitive marine environments, dilution by seawater quickly renders the brine 
indistinguishable from seawater. In this respect, it is more important to ensure that the 
brine disposal pipe is well-separated from the intake to ensure that the brine is not 
inadvertently brought back into the system as feed water. 

The other potential environmental hazard is the elevated temperature of water circulating
through the system and eventually discharged to the sea. Care must be taken to ensure that 
the temperature of the discharge water is sufficiently low so as not to create a negative
impact on the marine environment. This is a straight forward technical matter, however, 
and is easily handled through proper design and operation of the plant. 

Should construction and operation of a desalination plant become necessary, the Ministi y
of Environment would, of course, need to be consulted closely with regard to the issuan e 
of any necessary permits which might be required in conjunction with disposal of the reje,'t 
waters. However, according to MEW, Muscat, there are currently no specific permits 
required for such disposal at the Ghubrah installation. 
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E.5.6 	 Economics of Desalination 

Every desalination plant is unique and site-specific. MSF technology is complex and, due 
to that complexity, lends itsel to a large number of technical and operational variations 
which can impact on both capital and operating costs. The Project Team has assembled a 
set of cost data which represents a good estimate of capital and operating costs appropriate 
to a potential Salalah desalination plant, erring if anything on the conservative side. Cost 
information has been gathered from several sources and, where cross-checks were 
possible, they demonstrated a reasonable consistency, suggesting an acceptable level of 
confidence for Masterplan comparisons. 

Should 	a Masterplan be adopted which includes desalination, it would be appropriate,
during implementation, to retain a consultant specialising in desalination technology to 
provide expert advice on the myriad of technical details which are required to successfully 
design, construct and operate an appropriately-sized desalination plant. 

For purposes of this evaluation, the following assumptions have been made: 

" 	 Plant type - dual purpose multi-stage flash distillation (MSF) with power generation 
plant; 

o 	 Unit size - 19,000 cubic metres per day; 

o 	 Plant efficiency - 40 percent; 

o 	 Plant factor (availability) - 85 percent; 

o 	 Brine disposal to the sea; 

o 	 Water cost calculated at plant site, ie, exclusive of blending and distribution costs; 

o 	 Fuel cost at US$32 per barrel of oil; 

o 	 Power costs at RO 0.050 per kWh; and 

o 	 Capital recovery at 10 percent interest over 30 years. 

Based on the above assumptions, capital and operating costs for a desalination plant have 
been compiled and are shown in Table E.4. These costs indicate an annual operating cost 
of RO 0.640 per cubic metre, including capital recovery shown as a fixed annual charge. 
Installed capital cost is RO 866 per cubic metre. 

It is clear from the figures that potable water won through desalination is a very expensive,
though dependable, source. In the professional opinion of the Consultant, because of the 
high capital and operating costs of desalination facilities, their use should be considered as 
a last resort, after all other water source and demand reduction schemes have been utilised. 

E.6 Cost Comparison of Augmentation Components 

E.6.1 	 Introduction 

There are six potentially viable sources or methods of augmenting the potable water supply. 
They are: 

- Wadi Darba., fresh water 
- Western Jebel Front, brackish water; fresh water 
- Eastern JLbel Front, brackish water 
- Desalination 
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- Water use reallocation from agriculture to potable surply 
- Recharge of the aquifer with reclaimed water 

TABLE E.4 Capital and Operating Costs - Desalination 

Items Rial Omani 
Direct Capital Costs 9,600,000 
Indirect Capital Costs 6,857,000 

Total Capital Costs 16,457,000 

Annual Operating Costs 

Labour 
 148,000
Steam 1,209,000
Electricity 476,000
Chemicals 140,000
Others 42,000 

Total Operating Costs 2,015,000 

Fixed Charges 1,746,000 

Total Annual Costs 3,761,000 

Cost of Water (RO/m3 ) 0.64 

Unit Capital Cost (RO/m3 ) 866 

Other augmentation opportunities have been discarded on technical or economic grounds. 

The renewable water resources available in Wadi Darbat and the Jebel Fronts have not yet
been quantified; however, maximum quantities which can be abstracted from the aquifer
have been estimated, as follows: Western Jebel Front: 30 megalitres per day, Wadi
Darbat: 20 megalitres per day, and Eastern Jebel Front: 10 megalitres per day. Similarly,
the quality of the brackish water aquifers in the Jebel Front areas needs further analysis. It
has been assumed that this water can be blended with the Salalah aquifer up to a 30 percent
limit. The brackish water can be softened to increase this limit. 

E.6.2 Economic Cost Comparison for Water Supplies 

The objective of economic cost analysis is to identify the least cost alternative for the watersupply Masterplan. Different options of new sources, or water use reallocation, have been 
analysed to arrive at the least cost solution. Locations of facilities for source development
are shown on Figure E.5. Cost elements include wells, transmission lines, pump stations,
desalination plants and lime softening. Power costs for wells and pump stations are
included, while costs of chlorination are common to all options and are excluded. 

To arrive at comparable unit costs for water, both cost projections, capital and operating,
and projected water supplies, or water use reallocation have been discounted over the
planning period at 10 percent to a net present value for 1991. Investments are lumped in 
1995 and at five-year intervals to 2015. 
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Cost estimates have been based on 1991 economic costs. The principal difference between 
economic and financial costs is that electricity economic costs are based on an estimate for 
producing electricity, and not on what consumers are charged. 

Costs for developing new sources of water in Wadi Darbat, Eastern Jebel Front and the
Western Jebel Front are necessarily very approximate because they are based on as yet
unquantified water resources (assumed to be 20, 10 an:d 30 megalitres per day respectively)
and on insufficient quality data. Desalination costs on the other hand, are relatively reliable
since there is substantial information available on their capital and operating costs. 
Similarly, the costs of reallocating agricultural water now used by the two big fodder
producers have been estimated. They are based on the capital costs of establishing
comparable fodder enterprises in the Nejd. The costs of recharging the aquifer with
reclaimed water have also been calculated. Also included in the analysis is the operating 
cost of the existing wellfield so that a total cost for each option can be obtained. The costs
of water distribution are greater for some options, and have been included as costs shared 
among the existing and new sources. 

For cost comparative purposes flexibility in the capacity and cperation of desalination
plants, the most costly source of new water, is included to achieve minimum water costs. 
It is recognised however, that in practice, desalination capacity must be added one large
unit at a time, thus reducing its flexibility. 

The capital costs, total economic costs, total volume of water obtained and minimum cost 
per cubic metre of water for each source or water use reallocation are shown in Table E.5. 
Total economic costs and the total volumt of water obtained throughout the 1995-2020 
planning period have been discounted at 10 percent to obtain a 1991 net present value for 
total economic costs and total water obtained. These costs assume full development of
each source and/or water use reallocation in 1995, and are therefore minimum costs.
Partial development and/or subsequent stage development would increase total economic 
and unit costs. 

TABLE E.5 Economic Criteria for Water Sources 

Capital Total Total Cost per
Cost Economic Water m-3 

RO M Cost Obtained Baisas 
ROM Mcm 

Existing Welifield - 0.58 16.60 35
Wadi Darbat Fresh water 6.74 6.76 50.24 135 
Eastern Jebel Front (Blending) 1.10 1.80 24.27 74
Western Jebel Front (Blending) 2.54 3.66 32.43 113
Western Jebel Front (Softening) 5.44 9.40 50.82 185 
Western Jebel Front Freshwater 2.69 5.33 72.31 74 
Desalination 24.47 27.26 41.27 660 
Aquifer Recharge 3.04 2.93 40.71 72
Water Use Reallocation 4.33 2.73 73.99 37 

Desalination costs as shown above are about five or six times higher than those of other 
new water sources. Water use reallocation is the cheapest method of increasing potable 
water supply. 

In the analysis, new water supplies from either Wadi Darbat, or western Jebel Front or 
eastern Jebel Front are drawn upon up to the present estimate of available renewable 
resources. In addition since both the Jebel Front sources are brackish, they can be used for
blending with fresh water from the Salalah aquifer up to an anticipated maximum of 30 
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tpercen . In addition, the Jebel Front water can be softened using lime. Also, some 
possibilities exist to develop fresh water in the Western Jebel Front. 

A total of 16 separate water supply augmentation options were examined. Each option 
reflected a combination of new water sources and/or demand reduction strategies, as well 
as the definition of the water supply deficit to be overcome. Thus, for example, options 
which did not anticipate relocation of fodder production as a demand reduction strategy, 
necessitated maximum development of new water sources to make up the water supply 
deficit. A summary of the flow projections for these 16 options is shown in Table E.6. 

The economic cost comparison of these options was carried out to likewise reflect the 
global Masterplan concepts. Thus, a least cost alternative consistent with each global 
alternative was identified. Table E.7 summarises the four least cost options, and Figure 
E.6 graphically illustrates the water stipply sources and cost/supply relationship for each of 
the four options. 

E.6.3 	 Conclusions 

Analysis of the water augmentation options has indicated a wide diversity of possible 
combinations for supplying sufficient potable water for Salalah to overcome the 
groundwater deficit for the aext 30 years. The options, in most cases, cannot supply 
adequate volumes to meet demand by themselves. Some have been discarded completely 
because they are either too expensive or represent insignificant volumes. Taking into 
account the economic and technical feasibility of various components, the Consultant has 
drawn the following conclusions: 

o 	 Pumping groundwater from the existing wellfield is the cheapest option and should 
therefore be included as part of any scheme; 

o 	 Small savings of fresh water can be made with conservation measures and 
improved irrigation efficiencies and a conservation programme should be 
implemented during the coming years; 

o 	 Blending of brackish water with fresh groundwater represents a considerable 
potential fresh water saving, but is dependent on sufficient volumes of new 
brackish reserves being located in the Jebel Front areas adjacent to the existing 
wellfield. These reserves need to be verified by further investigations; 

o 	 New fresh water supplies may be located in the Wadi Darbat - Taqah area and a 
detailed investigation of the potential of the aquifer in this area needs to be made; 

o 	 Significant volumes of fresh water are being consumed by large fodder farms in the 
centre of the plain. Relocating this agricultural activity to the Nejd will save a 
significant volume of fresh water and maintain a balance in the aquifer for the next 
10 years; and 

o 	 Recharge of the aquifer with reclaimed water will provide an increasing benefit to 
the aquifer as the population of the city grows and wastewater generation increases. 
Combined with relocation of fodder, this option provides sufficient water to keep 
the aquifer approximately in balance for the next 30 years. 
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TABLE E.6 Flow Projections for Potable Supply Options 
(Million Cubic Metres per Year) 

Option 1995 2000 2005 2010 2015 2020 
Plaa A - Develop New Water Sources 

1-5 Potable Demand 10.60 13.90 17.90 21.10 23.00 24.90 
1-5 Fresh water balance (9.27) (11.85) (14.93) (17.61) (19.18) (20.76) 
1-5 Existing well fields 1.33 2.05 2.97 3.49 3.82 4.14 
1-5 New Sources 9.27 11,85 14.93 17.61 19.18 20.76 
0 Desalination Plant 9.27 11.85 14.93 17.61 19.18 20.76 
1 Desalination Plant 6A9 8.30 10.45 12.33 13.43 14.53 
1 Western Jebel Front Dsal 2.78 3.56 4.48 5.28 5.75 6.23 
2 Wadi Darbat 7.30 7.30 7.30 7.30 7.30 7.30 
2 Desalination Plant 1.97 4.55 7.63 10.31 11.88 13.46 
3 Eastern Jebel Front 30% 3.18 3.65 3.65 3.65 3.65 3.65 
3 Wadi Darbat 6.09 7.30 7.30 7.30 7.30 7.30 
3 Desalination Plant 0.00 0.90 3.98 6.66 8.23 9.81 
4 Western Jebel Front 30% 3.18 4.17 5.37 6.33 6.90 7.47 
4 Wadi Darbat 6.09 7.30 7.30 7.30 7.30 7.30 
4 Desalination Plant 0.00 0.38 2.26 3.98 4.98 5.99 
5 Western Jebel Front 9.27 10.95 10.95 10.95 10.95 10.95 
5 Eastern Jebel Front 0.00 0.90 3.65 3.65 3.65 3.65 
5 Wadi Darbat 0.00 0.00 0.33 3.01 4.58 6.16 

Plan B - Relocate Fodder 
6-9 Use eliminated 7.55 7.55 7.55 7.55 '7.55 7.55 
6-9 Freshwater balance (1.72) (4.30) (7.38) (10.06) (11.63) (13.21) 
6-9 Existing well fields 8.88 9.60 10.52 11.04 11.37 11.69 
6-9 New sources 1.72 4.30 7.38 10.06 11.63 13.21 
6 Desalination Plant 1.20 3.01 5.17 7.04 8.14 9.25 
6 Western Jebel Front Dsal 0.52 1.29 2.21 3.02 3.49 3.96 
7 Wadi Darbat 1.72 4.30 7.30 7.30 7.30 7.30 
7 Eastern Jebel Front 0.00 0.00 0.08 2.76 4.33 5.91 
8 Eastern Jebel Front 30% 1.72 3.65 3.65 3.65 3.65 3.65 
8 Wadi Darbat 0.00 0.65 3.73 6.41 7.98 9.56 
9 Western Jebel Front 30% 1.72 4.17 5.37 6.33 6.90 7.47 
9 Wadi Darbat 0.00 0.13 2.01 3.73 4.73 5.74 

Plan C - Relocate Fodder, Reclaim Water for Aquifer Recharge 
Recharge available 2.65 5.30 6.71 8.39 10.51 14.00 
Fresh water balance 0.93 1.00 (0.67) (1.67) (1.12) 0.79 

10 Existing well fields 10.60 13.90 17.90 21.10 23.00 24.90 
Plan D - Reclaim Water for Aquifer Recharge 

11-15 Recharge available 2.65 5.30 6.71 8.39 10.51 14.00 
11-15 Fresh water balance (6.62) (6.55) (8.22) (9.22) (8.67) (6.76) 
11-15 Existing well fields 3.98 7.35 9.68 11.88 14.33 18.14 
11-15 Supply from new sources 6.62 6.55 8.22 9.22 8.67 6.76 

11 Desalination Plant 4.63 4.59 5.75 6.45 6.07 4.73 
11 Western Jebel Front Dsal 1.99 1.97 2.47 2.77 2.60 2.03 
12 Wadi Darbat 6.62 6.55 7.30 7.30 6.75 4.84 
12 Desalination Plant 0.00 0.00 0.92 1.92 1.92 1.92 
13 Eastern Jebel Front 30% 3.18 3.65 3.65 3.65 3.65 3.65 
13 Wadi Darbat 3.44 2.90 4.57 5.57 5.02 3.11 
14 Western Jebel Front 30% 3.18 3.11 4.78 5.78 5.23 3.32 
14 Wadi Darbat 3.44 3.44 3.44 3.44 3.44 3.44 
15 Western Jebel Front LS 6.62 6.55 8.22 9.22 8.67 6.76 
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TABLE E.7 Summary of 

Water Source Capital

Option Cost 


Plan 	 A - Develop New Water Sources 

A4 	 Shared 1.71 

Existing well fields 0.00 

Western Jebel Front 2.54 

Wadi Darbat 6.74 

Desalination 13.59 


Total 	 24.57 

Plan 	 B - Relocate Fodder 

B8 	 Shared 1.71 

Existing well fields 0.00 

Fodder Relocation 4.33 


Subt,Salalah Plain 4.33 

Eastern Jebel Front 1.19 

Wadi Darbat 7.00 


Total 14.22 


Plan 	 C - Relocate Fodder, Reclaim Water for 

CIO 	 Existing well fields 0.05 
Fodder Relocation 4.33 
Aquifer Recharge 3.04 

Total 	 7.42 

D13 	 Shared 1.71 
Existing well fields 0.00 
Aquifer Recharge 3.04 

Subt,Salalah Plain 3.04 

Eastern Jebel Front 1.19 

Wadi Darbat 5.35 


Total 11.28 


Least-Cost Water 

PRES WORT COST 
Capl O&M 

1.08 
0.00 
1.60 
4.25 
4.91 

11.83 

0.62 
0.00 
2.73 
2.73 
0.43 
1.33 
5.10 

Aquirer 

0.01 
2.73 
1.64 
4.38 

1.08 
0.00 
1.64 
1.64 
0.75 
3.38 
6.84 

0.04 
0.58 
2.06 
2.41 
3.51 
8.60 

0.04 
1.56 
0.00 
1.56 
0.57 
0.37 
2.54 

Recharge 

1.61 
0.00 
0.95 
2.56 

0.04 
0.94 
0.95 
1.89 
1.11 
2.42 
5.47 

Supply Options 

Value 
Total RO/m3 

1.12 0.010 
0.58 0.035 
3.66 0.113 
6.65 0.139 
8.42 0.763 

20.44 0.189 

0.66 0.006 
1.56 0.018 
2.73 0.037 
4.29 0.048 
1.00 0.080 
1.70 0.261 
7.64 0.071 

1.62 0.015 
2.73 0.037 
2.59 0.064 
6.94 0.064 

1.12 0.010 
0.94 0.016 
2.59 0.064 
3.53 0.062 
1.86 0.076 
5.80 0.2 18 

12.30 0.114 
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Capital Costs of Alternatives Present-worth Costs of Alternatives 
Million Rials 

25 ' 2 Dcsalination 25 
25I 

Million Rials 
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20 

155 
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Figure E.6 Costs and Yields 
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APPENDIX F 

ADMISSIONS TO THE WASTEWATER SYSTEM 

F.1 Introduction 

It is essential that the fabric and functioning of the wastewater system be protected by
appropriate control of connections and admissions to it. 

In the particular case of Salalah, given that reclaimed water reuse is intended, it is essential 
to prevent the entry of toxic and hazardous substances. Given the dry and dusty 
environment for most of each year, it is also important to prevent the inadvertent entry of 
dust and debris into the system. The selection of construction materials must also be such 
as to avoid damage by breakage and corrosion. 

There exists a set of national Regulations for External Building Drainage under the Law of 
Conservation of Environment and Prevention of Pollution issued by Royal Decree 10/82
and its amendments. These regulations cover the basic essentials of sewer system
admissions but leave to the responsibility of the wastewater authority (the "Municipality of 
the Area") a number of determinations. 

Decision No. 8/84 of the Council for the Conservation of ihe Environment and the 
Prevention of Pollution established Regulations for the Drainage of Liquid Industrial 
Waste. These regulations establish certain definitions and effluent criteria. They do not 
assign any enforcement or interpretive function to the wastewater authority. 

The Office of the Minister of State and Governor of Dhofar has established Local Order 
No. 15/89 for Building Regulations. These include some wastewater drainage provisions. 

The purpose of this Appendix is to provide guidance to the wastewater authority on actions 
to b? taken in relation to these regulations and orders insofar as they affect admissions to 
the wastewater system. 

F.2 Application of Regulations for External Building Drainage 

F.2.1 Overview 

The Ministerial Decision 5/86 Regulations for External Building Drainage are a generally
sound and understandable guideline for the implementation of sewer admission controls. 
In the following section, comments and suggested interpretations are offered with the intent 
of addressing particular issues of importance to the proposed Salalah wastewater system.
Where no comment or suggestion is offered, this means that the specific requirement of the 
Regulation is supported as a sound basis for admissions contro! for Salalah. 

F.2.2 Proposed Technical Application of the Regulations 

SECTION 1 - GENERAL RULES 
OBJECTIVE 
Article I 

In compliance with the Law of the Conservation of Environment and Prevention of 
Pollution issued by Royal Decree 10/82 and its amendments and in order to provide the 
greatest possible health and social welfarefor the Nation and its citizens, these Regulations
concerning External Building Drainage have been effected. 
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DEFINITIONS 
Article2 

The phrases stated in these Regulations will have the same meanings defined in Royal
Decree 10/82 with thefollowing additions: 

- Drain 
Means any pipe or channel includingchambers and manholes thereon not vested in
the Municipalityfor the Area and which is usedfor the foul and/or surface water 
drainage of a building and any buildingsor yards appurtenant thereto and laid 
externally to those buildings. 

- Foul Drain 
Means any drain to convey sewage from a building to a sewer or other point of 
disposal. 

- Foul Drain Connection 
Means that portion ofafouldrain that lies between the boundary ofprivate property
and its junction with a public sewer or where the connection is to be made to a
public sewer on private property, it shall mean the last 2 metres of the foul drain 
measured horizontally. 

- Gully Trap
Means a water sealed trap to prevent the passing ofair and gasesfrom the drain and
receive the sullage from waste pipes, andfrom the roofs and yards. 

Inspection Chamber 
Means a small concrete or l rick chamber existing on a length ofdrain, and provided
with a cover, the depth of which does not exceed 600mm and is large enough to 
permit sewer rods to be used without difficulty. 

- Manhole 
Means a chamber provided in the length of a drain, designed to enable a man to
descend into it and move about comfortably and safely for the purpose of
inspection, testing or clearing an obstruction. 

- Private Sewer 
Means a channel for surface water drainage, constructed and maintained at the 
e.tpense ofthe owner. 

- Public Channel 
Means a channel for surface water drainage which is vested in and maintained by

the Municipality of the Area.
 

Public Sewer
 
Means any sewer vested in and maintained by the Municipality of the Area.
 

- Septic Tank 
Means any structure designed to treat biodegradable wastewater by settlement and 
anaerobic biological degradation. 

- Channel 
Means any pipe or channel, together with associated manholes, designed to convey 
sewagefrom two or more buildings and any buildings oryards appurtenant thereto. 

- Soil 
Means th, dischargefrom soilfitments. 
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Soil Fitment
 
Means a watercloset, urinal,slop sink, orany othersimilarftment.
 

Soil Pipe
 
Means apipe used to convey soilfrom a soilfitment t, afoul drain.
 

Sullage
 
Means the dischargeof liquidwastesfrom the kitchen.
 

Surface Water Drain 
Means any channelorpipe used to convey surface waterfrom any partofa building 
andfrom the surface of the groundandany pavedareato apublic channel or other 
poin. ofdisposal. 

Liquid Trade Wastes 
Means any liquid, with or without suspendedsolid matter, resultingfrom any trade 
or manufacturingprocessor any cleansingoperationassociatedtherewith. 

Trap 
Means a device incorporatinga watersealbuilt into apipe orfitmentto preventgas 
passing upstreamof the trap. 

Ventilation Pipe
 
Means anypipe usedfor ventilatinganyfoul drainorsewer.
 

Waste Fitment
 
Means a bath, shower, wash-basin,floorgully orsitqk.
 

Wastewater
 
Means soil, sullageand liquidtradewastes.
 

Water Seal 
Means the water normally retainedin a trap without which airorgaseswould have 
free passage through the trap.In the interest of clarity, given that the Salalah 
wastewatersystem will not convey surfacewaterdrainage,the term "sewer"should 
be reservedto mean apipe conveying wastewater,which is sewage (which is soil 
andsullage) and/orliquidtrade wastes. 

A public sewer, while vested in and maintained under the authority of the 
municipality or wastewater authority, may in fact be maintained by others 
on its behalf. 

In that soil (deriving from soil fitments) and sullage (deriving from waste 
fitments) are to be carried together, either to the sewer system or to septic
tanks, the term "soil pipe" should be taken to mean a pipe carrying either 
soil from soil fitments or sullage from waste fitments, or both. 

Liquid trade wastes and liquid industrial wastes, as defined in the 
Regulations for the Drainage of Liquid Industrial Waste, are different. 
Liquid trade wastes comprise .rocess wastes and related wash water, and 
are exclusive of human sewag. and sullage gcnerated on the same premises 
as any trade wastes. How ver, "liquid industrial wastes" include all 
wastewaters generated on co nmercial, industrial, agricultural, gardea and 
scientific research sites. (Reier to Section F.3 below.) 

In view of the need for separation of trade wastes by type in Salalah, the 
term "liquid trade wastes" should be used in the sewer admissions 
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permitting processes of the wastewater authority. Except in relation to any

actions directly related to the application of the Regulations for the Drainage

of Liquid Industrial Wastes, the term "industrial waste" should be avoided
 
because of the very broad meaning ascribed to it by those regulations.
 

For a building that ,.connected to the public sewer system, the foui drain is
 
the house connection or service connection. The soil pipe is placed on or in
 
the wall or floor of the building, while the service or hous" connection is
 
laid under the ground surface on either private or public land.
 

Further definitions suggested for use in Salalah, and not in conflict with the
 
Regulations, are:
 

Cleanout
 
A fitting, not less than 100 mm in internal diameter, having an accessible,
 
removable, watertight, screwed cap, that is connected to a building drain or
 
foul drain (service connection) by way of a 45 degree Y junction, and if
 
necessary having one or more pipe lengths connected by 45 degree bends
 
between the capped fitting and the Y junction.
 

Drain or Culvert
 
A pipe or conduit i ttended to convey runoff water but not wastewater.
 

House Connection (Service Connection)

A foul drain laid to connect the soil pipe of a single-family house (or the soil
 
pipe or trade liquid waste drain of a residential or non-residential building,

in the case of a service connection) to a sewer.
 

Infiltration (in the sense of a substance)
 
Groundwater that has entered a sewer through faults in the system.
 

Inflow (in the sense of a substance)
 
Runoff water that has entered a sewer through unintended or illegal
 
connections.
 

Lateral Sewer
 
A public sewer with no other public sewer entering it.
 

Pretreatment
 
Removal of solids from, and/or otherwise altering the characteristics of
 
liquid trade wastes before discharging them to a sewer, in accordance with
 
the requirements of the wastewater authority.
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SECTION 2 - DRAINAGE SYSTEM 

CHAPTER 1
 
SURFACE WATER DRAINAGE SYSTEM
 

(a) 	 Every building vill be provided with pipes or channels as are necessary to 
effectively divert all surface water away from the btilding in such a manner as to 
minimise incidents offlooding.

(b) 	 All surface watcr shall be either conveyed to a public suiface water channel or
drain, or shall he disposed of in such other manner as the Municipalityfor the Area 
may direct. 

(c) 	 No surface water shall be discharged to aty flnd drain or public sewer unless 
specifically permittedby the Municipalityof the Area under the term.? of Article 4. 

(d) 	 All surface waterdrains shall be supplied, installed and maintained by the owners. 

The wastewater authority should not permit any discharge of surface water 
to any sewer. 

Article 4 

The Municipalit. for the Area may, at its discretion, permnit any yard attached to or forming
part ofa stable or a cattle shed, or an abattoir, or any paved yard of any shop, house or 
other development usedfor the preparation offiod or the washing ofclothes or utensils, or 
any paved yard subject to pollution, to drain to a foul drain or sewer. Such permission
shall only be given if the paved area is draited to thefoml draiti or sewer via a trapped
gully. The level ofsuch trapped gully must be higher than the highest known flood level or 
the paved area must befullyprotected from anyflood waters. 

Liquid wastes from cattle sheds should if possible be disposed of on the 
land occupied by the cattle. Such wastes that cannot be so disposed of, and 
stable and abattoir liquid wastes, together with any inadvertently included 
flood waters, should be collected by tanker truck and carted to the septage
and industrial area wastewater treatment plant at Wadi Qaftawt for treatment 
there. 

No gullies should be permitted to be installed on any pipe connected to the 
system because they will admit dust and debris and have the potential to 
admit flood water. 

Restaurant and laundry wastewaters should be disposed of into the sewer 
system. Sullage water from restaurants, together with any sewage that may
be included, should be passed through grease traps before entering the 
sewer. It sh'-uld be the re.;ponsibility of the owner to clean and maintain 
such grease traps and to properly dispose of, otherwise than to the sewer, 
the solids, oil and grease removed. (Proper disposal implies removal by
tanker and disposal at a properly operated solid wustes landfill.) The 
design, construction, cleaning and maintenance of grease traps should be 
subject to the inspect; on and approval of the wastewater authority. Refer to 
the comments on Article 29, below. 

No solid refuse ofany kind shall be deposited to any surface, water drain or channel. 
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No trade wastes ofany kind shall be discharged to any surface water drain or channel 
except as providedfor under Clause 11. 

No pipes or channels providedfor the carriage ofsurface water shall discharge across the 
surface ofany footpath in a street. Carriage shall be through cast iron conductors beneath 
thefootpath or by such other means that shall be approved by the Municipalityfor the Area. 

Article8 

Channels providedfor the carriage ofsurface water shall be ofadequate size, constructed 
ofapproved impervious material, finished offsmooth, and laid to gradient ofnot less than 
1 in 100. 

Article 9 

Channels shall be provided with grills to prevent any debris from entering any public
channel, watercourse or wadi, and where directed by the Municipality for the Area, a 
suitable and approved silt trap shall also be provided. 

Article 10 

Pipes providedfor the carriage of surface water shall comply with the requirements of 
Articles 16 to 22 and shall have a minimum internal diameter of 150mm. 

CHAPTER 2
 
PRIVATE FOUL DRAINS AND SEWERS
 

Article 11 

Every house or property connecting to an external drainage system shall be provided with 
soil and waste fitments generally complying with the requirements of British Standard 
Code ofPractice CP 305, or any equivalent standard approved by the Municipalityfor the 
Area. 

Article 12 

Soil and waste pipe systems shall generally comply with the requirements of British 
Standard 5572, or any equivalentstandard approved by the Municipalityfor the Area. 

Article13 

The whole of the sanitary installation ofa building shall be constructed so that all fittings,
pipes and joints are properly made and watertight. 

Article 14 

(a) 	 Every building shall be provided with a foul drain such as to effectively convey 
sewagefrom the building to a sewer or other approved point ofdisposal.

(b) 	 Foul drains and private sewers shall be connected to a public sewer where one is 
available at a suitable level and in a suitable position within 30m of the boundary of 
the relevant premises. Should an owner fail to carry out the work necessary within 
a period specified to the owner by the Municipality of the Area in writing, the 
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Municipality may carry out the work and recover the whole of the costsfrom the 
owner. 

(c) 	 Where there is no suitable public sewer, the Municipclityfor the Area has to require
the provision ofa septic tank or any other proper means of treatment. 

(d) 	 Such foul drains and private sewers shall be supplied, installed, maintained and 
operated by the owners concerned at their own cost, and as approved by the 
concerned Municipality. 

As indicated above in relation to Articles 2 and 3, no flood water, dust or 
debris should be admitted to the sewer system. Therefore foul drains and 
private sewers must have no roof leaders, gullies or yard drainage inlets 
connected to them. 

Article 15 

Foul drain pipes should befreefrom defects and constructed as follows: 

- Asbestos-cement pipes conforming to ISO 391, ISO 392, ISO 881 or ISO 4488, or 
approved equivalent standard; 

- Vitrified clay pipes conforming to BSS 65 or DIN 1230 or approved equivalent 
standard; 

- Cast iron pipes conforming to ISO 2531, ISO 49 or BSS 437, BSS 1211 (Class B) 
or BSS 78, or approved equivalent standard; 

- Concrete pipes conforming to BSS 556 or approved equivalent standard;
 
- UPVCpipes conforming to BSS 4660 or approved equivalent standard; or
 
- Such other material approved by the Municipalityfor the Area.
 

In the interest of prevention of corrosion and damage, and acting in terms of 
Article 18(b), the wastewater authority should permit service connections 
and foul drains to be constructed only of vitrified clay or unplasticised PVC, 
except that where additional strength is needed, for example under a 
carriageway, PVC-lined ductile iron pipe may be required. 

Article 16 

.l pipes shall be ofadequate size and shall be not less than 150mm internal diameter where 
usedfor drains, or not less than 200mm internal diameter where usedfor sewers. 

Article 17 

Every foul drain or private sewer shall be laid to gradients within the following limits: 

Flattest Gradient Steepest Gradient 

150mm dia I in 60 1 in 8 
200mm dia 1 in 90 1 in 13 
225mm dia I in 100 1 in 14 

except where compliance can only be achieved by recourse to pumping; then the 
Municipality for the Area may permitflatter gradients, but in no case will gradientsflatter 
than the following be allowed: 

150mm dia I in 100 
200mm dia I in 175 
225mm dia I in 200 

In clarification o!" the apparent intent of Articles 16 and 17 in respect of 
minimum pipe diameters, normal practice, supported by the Consultant, is 
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that pipe diameters should be not less than 200mm for sewers and 150mm
for house connections. For multi-family residential buildings, and for
commercial and industrial premises, the design flows and service 
connection diameters and gradients should be determined by a qualified
building services or sanitary engineer having reference to a well-established 
plumbing code such as the US National Plumbing Code, ASA A40.8,
within the limitations set by Article 17. 

(a) 	 Pipes otherthan cast iron that lie within 15 metres of any building, or lie under any
road, or are laid under buildings, or have less than 1250amn in cover, shall be 
completely surrounded by concrete not less than 150hnm thick.

(b) 	 Notwithstanding the requirements stated in the previous paragraph and regardless
of the distribution ofpipe used the Municipalityfor the Area may direct that added 
measures be taken against corro'sion at its discretion.

(c) Pipes shall be supported along thefidl length, and not only at theirjoints.
(d) 	 Where any pipe is laid in soft and yielding ground, the material of the pipe and the

method of its support shall be as directed by the Municipalityfor the Area.
(e) Where any pipe is laid above ground, it shall be ofcast iron and shall be supported

by concrete piers at each joint, and at such intermediate points as the Municipality
for the Area may direct. 

Article 19 

(a) 	 Laying any part ofany drait under any building shall be avoided as far as possible.
(b) 	 Where part of a drain is laid under a building, that part shall be laid in a straight line

amid shall be provided with means ofaccess for its whole length.
(c) 	 No building shall be erected over any existing sewer or drain without the written 

consent of the Municipality for the Area, amid subject to the conditions of the 
Municipality at its discretion. 

Where a service connecion is made to a building already connected to a
septic tank, the septic tank should be emptied and disinfected, the walls
should be broken down to at least one metre below ground level, and the
tank should be completcly filled with clean spoil. The service connection 
should be laid around if possible, or otherwise over, the septic tank. That 
part of any service coLnection laid over any septic tank should be of PVC
lined ductile iron, fuly supported throughout its length, and nowhere 
directly supported on tht septic tank walls. 

Article 20 

No trees shall be planted within !80ram, measured in place, ofany sewer or drain. 

This distance should also be maintained from service connections. 

Where a drain passes directly under a wall,flexiblejoints shall be provided in thepipe on 

either side of the wall at distances equal to the pipe diameter. 

Article 22 

(a) 	 Every inlet to every drain, except for a soil pipe or a ventilating pipe, shall be
properly trapped between the sewer and the sanitary fitting. The trap shall be
formed andfixed to ensure a permanent water seal of not less than 75m. The 
water seal gully shall be provided with a grating above the level of the water seal 
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and above all openings discharging to this. (The gully shall be protectedfrom the 

ingress offlood waters to the highest known flood level.) 

(b) 	 No inlet to anyfoul drain shallbe made e.vcept: 

- The connections of sanitaryfitnents 
- Yard gullies, but only if the Municipalityfor the Area judges that the surface 

waterfront the yard is sufficiently polluted to prechde direct discharge t 
o the environment. 

-	 Trade efflutent connections, but only vwith theprior approval aitd consent of 
the Municipalityfor the Area, as required under the Regulations and 
Standardsfor DischargeofTrade Effluents issued by the Council Decision 
No. 7/84. 

In this article, "sanitary fittings" and "sanitary fitments" should be taken to 
mean soil or waste fitments as defined in Article 2. 

The intent of Part (a) of this article should be met by providing a trap for 
each soil and waste fitment (including every floor drain). No gullies should 
be permitted. 

In giving effect to Part (b), if wastes generated in or discharged to yards 
preclude the direct discharge of yard drainage to the environment, then the 
wastewater authority should require that the wastes be kept separate from 
any surface runoff and be either carried to proper disposal by tanker truck, 
or properly carried to a service connection after any necessary pretreatment. 
No yard gullies should be permitted. 

Article 23 

(a) 	 Every branch drain shall be straight throughout its length and shall join any other 
foul drain or sewer obliquely so that flow in the branch is travelling in a similar 
direction to theflow in the main drain or sewer. Where itjoins the other drain, an 
inspection chamber or manholeshall be provided.

(b) 	 Where a junction is made directly to a sewer, the sewer shall be properly rejoined 
amid made watertight. 

(c) 	 If a junction between a foul drain antd a sewer is not made at a manhole on the 
sewer, then a manhoie shall be provided on the foul drain within 12 metres of the 
sewer. 

(d) 	Every such manhole shall comply with the requirements set out in Article 26. 

It is recommended that in order to facilitate clearing of blockages, cleanouts 
(see definition in the above comments on Article I) be provided in building 
drainage systems, in the following locations: (a) at intervals of not over 30 
metres, including the developed length of the cleanout pipe, on each foul 
drain, (b) immediately upstream of every change of direction exceeding 45 
degrees on a foul drain, (c) near the base of the vertical drain stack, and (d)
where the foul drain crosses the property boundary, inside and within one 
metre of the wall. For location in a yard or paved area, a cleanout is set in 
concrete and provided with protective metal cover that is set flush with the 
top of the block and with the ground surface. 

The provision of cleanouts is standard practice in U.S. plumbing systems. 
Cleanouts give adequate access for rodding and obviate the need for 
inspection chambers and manholes on standard diameter service 
connections. Illustrations of the proper use of cleanouts are provided in the 
National Standard Plumbing Code - Illustrated (PHCC, 1987). 
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It is proposed that, for Salalah, item (c) in Article 23 be taken to refer only
to foul drains exceeding 150 mm in diameter, and to call for either a 
manhole or an inspection chamber, depending on the depth. 

Article 24 

Every joint in a drain or sewer shall be properly made so as to prevent water leakage and 
able to resist a pressure of 1.5 metres head of water, and no material forming such a joint
shallproject into the interior ofthe pipe. 

Article 25
 

(a) 	 Everyfoul drain shall be ventilated by means of ventilating pipe which shall be 
carried to a height not less than I metre: 

I - Above the roofof the building to which it isfixed. 
2 - Above the eaves ofsuch a building, if the building has a pitched 

roof. 
(b) 	 The ventilating pipe shall be fixed so as not to allow the escape offoul air into any

building.
(c) 	 The internal diameter of every ventilating pipe, or any other pipe acting as a

ventilating pipe, shall be not less than 100mm, or the diameter of the drain it serves,
whichever is the greater.

(d) 	 The open end ofevery ventilating pipe shall be provided with a suitable grating to 
prevent the access ofadventitious matter while not impeding airflow. 

(e) 	 Ventilating pipes shall not be usedfor the carriage ofrain water. 
(f) 	 Ventilating pipes shall be straight except where this is unavailable; in this case the 

approval of the Municipalityfor the Area must be obtained. 
(g) 	 Air or gasesfrom the public sewers shall be allowed toflow through thefoul drains

and to escape into thefree air by means of the ventilating pipes, and no interceptor
trap shall be provided in any foul drain unless specifically required by the 
Municipalityfor the Area. 

(h) 	 Ventilation covers shall not be used on any manhole. 

Article26
 

(a) 	 A manhole or inspection chamber shall be provided at every point at which afoul 
drain or sewer changes either its direction or its gradient and elsewhere so as to 
ensure that the maximum distance between manholes or chambers does not exceed 
60 metres. 

(b) 	 A manhole or inspection chamber shall be ofa size sufficient to allow access to the 
drain or sewer for rodding. An inspection chamber shall be not less than 900ram
long and 600mnim wide or, if circular, shall have an internal diameter not less than
900mi. A manhole shall be not less than 1200ram long and 900mm wide or have 
an internal diameter not less than /000mm, when it is circular.

(c) 	 A manhole or inspection chamber shall be constructed of concrete brickwork, in
situ concrete or precast concrete sections in such manner as to ex-c!-ide all Ja.bsoil 
water 	and suiface water. For walls deeper than 600mn below ground level 
concrete blocks shall not be used and imternal rendering shall not be permitted. The 
concrete brickwork, in situ concrete or concrete sections shall be carried up to 
ground orfloor level and shall be provided with a sealed manhole cover ofsuitable
duty to BSS 497, or approved equivalent standard. Covers for inspection
chambersand shallow manholes shall have a clear opening ofnor less than 600mm
by 450mm. Covers for deeper manholes shall have a clear opening ofnot less than
600mm by 500mm. The minimum thickness of concrete brickwork shall be 
225mm. The minimum thickness of concrete shall be 150mm. When cement 
concrete works are liable to deterioration, special precautions to prevent such a 
thing shall have been aprovedfirst by the Municipality for the Area. 
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(d) Gradient benchtings shall be built around every drainage channel in a manhole or 
inspection chamber andfall towards tile channel at a gradient if / in 2. (e) The 
benchings and all internalfaces ofevery manhole or inspection chamber shall be 
rendered with cement mortar to provide a smooth and impervious suface. 

(f) 	 Every drainage channel in a manhole or inspection chamber shall have a diameter 
not less than that of the largest drainage inlet into, atnd not more than that of the 
outletfrom, the manhole or inspection chamber. 

(g) 	 Every drainage inlet into a manhole or inspection chamber shall discharge into the 
drainage channel therein wi'ith properly made bends constructed within the benching 
of the manhole or inspection chamber such that the flow travels in a similar 
direction to that in ite channel. 

As in the case of Article 23(c), Article 26(a) should be taken to refer only to 
foul drains exceeding 150 mm in diameter and to sewers. 

There is a potential conflict between Parts (c) and (e) of this article in respect 
of internal rendering of manholes. For Salalah, this should be administered 
by the wastewater authority taking into account the specifications to be 
prepared by the Priority Works design consultant. 

CHAPTER 3
 
LIQUID TRADE WASTES
 

Article 27 

No trade waste shall be discharged into any surface water channel or drain 
connected with any public channel or any foul drain conniected with any public 
sewer without the prior written consent of the Municipality for the Area. Such 
consent is granted according to the necessary conditions of the Municipality which 
works for the protection of the drain, sewer or public channel, and so as not to 
interfere with the fullflow of its contents nor to affect prejudicially the treatment or 
disposal of its contents. 

Aticle 28 

(a) 	 Every drain intended solelyfor the conveyance oftrade waste shall be constructed 
of pipes free from defects made of suitable materials and shall be properly 
supported andprotected. They have to be laid at proper gradient and provided with 
leak-proofjoints. 

(b) 	 Every such drain shall be ventilated as providedfor in Article 25. 
(c) 	 Every such drain shall have a manhole provided with an intercepting trap as near to 

the public sewer as possible, but within the curtilage of the owner's property. The 
trap shall be on the side of the manhole nearestto the public sewer. 

(d) 	 Such intercepting trap shall be formed andfixed so as to have a water seal ofnot 
less than 75mm and shall have a metal arm fitted with a stopper and accessiblefrom 
ground level. When the fall allows, there should be a drop of 75mm from the 
invert ofthe manhole to the water level imthe interceptingtrap. 

The manhole called for in items (c) and (d) above is for the purpose of 
enabling the authority's inspectors to observe and sample the flow. It is not 
necessary to have a permanent device to enable the flow to be stopped or to 
provide a trap. 

The installation should be either a manhole or an inspection chamber, 
depending on the depth. 
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Artcle 29 

Where large quantities ofgrease and oil are discharged into drains asfrom canteens andkitchens, grease traps of a design approved by the Municipality of the Area shall be 
installed. 

Grease and oil traps should be sized to provide at least 30 minutes' retention 
at the peak rate of discharge from the establishment and can be of similar
design to a septic tank. In the absence of data to the contrary, the peak rateof discharge should be taken to be 10 times the average discharge rate. The
outlet to the foul drain must be provided with a tee fitting such that the endof one arm is above water level while the other draws liquid from the lowest 
one third of Hquid depth in the tank. Access via one or more 600mm
diameter manhole covers should be provided for cleaning. When the
contents of grease traps are removed, they must be removed completely,
including all accumulated grease and oil. 

Article 30 

Petrol and oil traps ofdesign approved by the Municipalityfor the Area shall be provided atall garages and at all otherplaces wherepetrol and oilmay reach the drain or sewer. 

The provision for trapping of oil from service stations and garagessupplements but does not substitute for the need to ensure that waste oil is
kept separate from wastewater. The wastewater authority should require
such separation and should conduct inspections to ensure it is implemented,
and to verify that the traps are cleaned sufficiently frequently to keep oil out 
of the sewers. 

The basic criteria for oil traps should be similar to those proposed in 
relation to Article 29. 

CHAPTER 4
 
TESTING
 

Artcle31 

All sewers and drains shall be testedfor imperviousness to a pressure ofat least 900mmhead ofwater, or as required by the Municipaiityfor the Area. The test should be carriedout belbre the pipes are haunched or surrounded with concrete or covered in, and it shall berepeated after all backfilling is complete. After standing full of water for 30 minutes, thewater level should be topped up as necessary and then if in the following 60 minutes theloss of water shall exceed 7.5 liters per meter diameter ofpipe per 30m length ofpipeline,
the test will not be considered as satisfactory. 

CHAPTER 5
 
FOUL DRAIN CONNECTIONS
 

Article 32 

Everyfoul drain connection shall be made by the Municipality for the Area who may, at
their discretion, recover the cost thereoffrom the owner. 

Article 33 

The Municipality for the Area shall not make any such connection untilfully satisfied thatthe drainage work, or the private sewer has been carried out in accordance with the
provisions of these Regulations. 
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CHAPTER 6
 

DECLARATION OF PUBLIC SEWERS 

Article 34 

If any sewer, not being a public sewer, is constructed to the satisfaction ofthe Municipality
for the Area, it may at its discretion, whether at the request of the owners or otherwise, by
writing under its hand, declare that after the expiration ofone monthfroni the date thereof 
the said sewer shall become a public sewer. 

Article 35
 

At the expiration of the saidperiod, unless the owner shall have objected by notice to the 
Municipalityfir theArea, the said sewer shall become a public sewer and shall be vested in 
theMunicipality who shall thereafter maintain it. The objection ofthe owner shall not stop
that ifsuch declaration is deemed to be for the public interest. 
(CHAPTER 7 - SUBMITFING APPLICATIONS FOR PERMITS, comprising Articles 
36-40, not reproduced here.) 

F.3 Application of Regulations for the Drainage of Liquid Industrial Waste 

F.3.1 Overview 

The Regulations for the Drainage of Liquid Industrial Waste establish definitions and 
effluent quality criteria without any reference to the municipality or wastewater authority.
On the other hand, the Regulations for External Building Drainage do give the municipality
the power to apply conditions in granting written consent to trade waste discharges. 

The comments offered in the following presentation of the Liquid Industrial WVaste 
Regulations assume that, in respect of admissions to its sewerage system, the wastewater 
authority will have the opportunity to apply, not apply or vary the requirements of these 
regulations, but that for overall consistency, in the absence of good reason to do otherwise, 
it would incorporate these requirements into its own. 

F.3.2 Commentary on the Regulations 

AXIOMS AND SPECIAL CRITERIA 

The Purpose of Disposal of Liquid Industrial Waste 

Incompliance with that which is stipulated in the Law for the Conservation of the 
Environment and the Prevention ofPolhtion published .yRoyal Decree No. 10/82 andfor 
the conservation of wvild life and marine life and inorder to provide as far as possible a 
healthy and social considerationfor the citizen, these Regulationsfor the disposal of liquid
industrialwaste have been published. 

Definitions 

inaddition to the definitions mentioned in Section 11 of the Lawfor the Conservation ofthe 
Environment amid the Prevention ofPollution published by Royal Decree No. 10/82, the 
following definitions have their meaningsexplained alongside each one: 

Liquid Industrial Waste 

This means any liquids which have been discharged fmoni sites whch are usedfor any 
commercial or industrial aspects other than liquids resultingfrom donestic waste andfor 
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the purposesof this definition any landor site which is being utilizedtotally or essentially
for reasons of agricultureor gardens or for scientific research or for carrying out 
experiments - such sitesshall be consideredas being utilizedfor industry andcommerce. 

Domestic Waste 

This means waste-matterarisingfrom the domestic unit and should only concern human 
waste, refusefrom the kitchen, bathroomand otherdomestic conveniences. 

The above definitions categorize industrial and domestic wastes by their 
points of origin; commercial, industrial and some other non-residential 
premises on the one hand, and domestic premises on the other. The phrase
about the nature of domestic waste ("should only concern human waste,
refuse...") is limiting in nature and does not expand the definition of 
domestic waste to include humar wastewater and sullage generated on 
industrial and commercial premises. 

That is to say, this regulation provides a definition of "industrial waste" that 
differs from the definition of "liquid trade wastes" in the Regulations for 
External Building Drainage. Liquid trade wastes exclude human wastes and 
sullage generated on industrial premises and include wastewater from trade 
or manufacturing processes even if conducted on domestic premises. This 
is the more useful definition for the Salalah wastewater authority to use in 
relation to issuance of permits to discharge to the sewerage system. It is 
proposed that the terms "ti'ade wastes" and "wastewaters from industrial 
areas" should be used carefully and precisely by the wastewater authority,
and that the term "industrial waste" should be used only in terms of the role 
of the Ministry of Environment in relation to the Regulations for the 
Drainage of Liquid Industrial Waste. 

Regulations 

1. 	 It isforbidden to allow any disposalof liquid industrialwaste in whatevershape or 
form unless this has been previously authorisedoragreedto by the Council. 

This requirement demands that the Council approve the discharge of 
wastewater from every individual commercial building, factory, farm, 
garden and scientific research establishment. To accomplish this without 
impeding the work of the wastewater authority will require close 
cooperation between the authority and the Ministry of Environment. It is 
recommended that early discussions be entered into between the wastewater 
authority and MOE with a view to arranging that, at least in respect of 
industrial waste discharges to the sewerage system, the wastewater 
authority act en behalf of and represent MOE regarding the application of 
these regulations. In order to facilitate this, it is suggested that the 
permitting criteria of the wastewater authority be no less rigorous than the 
relevant provisions of the Regulation. 

2. 	 All applicationsforthe disposalofliquid industrialwastemust conform thoroughly
with the demands Icid down in Articles 13 a,.4 14 of Royal DecreeNo. 10/82. 

Article 13 of Royal decree No. 10/82 requires applicants for Council 
approval to establish new sources or areas of work to submit environmental 
impact statements, indicates the time within which the applications must be 
examined, and provides for an appeal process. 

Article 14 provides that feasibility studies on projects that may have 
environmental effects will include a chapter on such effects. 
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3. All liquidindustrialwaste must have been treatedbefore being disposedof through
the publicsewerage system so that it can conformn with the standardsof otherwaste 
matter pouring into the public sewage works as required by the Council in
compliance with the table on liquidwaste drainagefor public sewageappendedto 
these Regulations. 

CRITERIA FOR DRAINAGE OF LIQUID WASTE TO PUBLIC
 
SEWAGE WORKS FOR TREATMENT IN THE LIQUID WASTE PLANT
 

PEAAMER 

Hydrogen number (pH) 
Colour 
Biochemical oxygen demand (5days) 
Chemical oxygen demand 
Temperature 
Suspended solids 
Total dissolved solids 
Grease and oil 
Sulfide (expressed in terms of- ions)
Sulfate (expressed in terms of - ions)
Phenols 
Cyanide (incl. veh for producing Ilydrogen/Cy)
Detergents (capable of vigorous decomposition)
Alkalinity (as Calcium carbonate) 
Total amount of toxic minerals 

DLALhofMetals 

Aluminium (expressed in Aluminium - ions) 

Arsenic ( Arsenic - ions) 

Barium ( " Barium - ions) 

Beryllium ( Beryllium - ions)

Caanmiu-n ( . Cadmium - ions) 

Chromium (Total in ions of chromium)

Copper (Expressed in - ions of Copper)

Iron ( - ions of Iron) 

Lead ( - ions of Lead) 

Mercury ( - ions of Mercury)

Nickel ( -ions of Nickel)

Silver ( " - ions of Silver)

Zinc ( - ions of Zinc)

Calcium Carbide 


_ARAAMIT 

Radiation material 
Yeast, sugar, crude tar, crude oil, hydrogen
sulphide and poly sulphides 

Petroleum spirit, inflammable solutions or 
volatile noxious solutions, gases or solid matter 

Unpolluted watL. (included condensed and 
refrigerated and water escaping from roofs of 
buildings 

Insecticides, weed killer, pesticides, fungicides 
Any matter (either on its own or jointly with any
other matter allowed into sewage) which might
make the liquid waste become harmful or in 
particular result in the normal techniques for the 
treatment of that refuse becoming difficult to use 

CRITERION 

6- 10 
Non-resistant 
Not exceeding 1,000 mg/I
Not exceeding 1,500 
Not exceeding 43 degrees C 
Not exceeding 1,000 mg/I 
Not exceeding 3,000 
Not exceeding 30 
Not exceeding 3 
Not exceeding 500 
Not exceeding 5 
Not exceeding I 
Not exceeding 30 
Not exceeding 3,000 
Not exceeding 10 

Not exceeding 10 mg/I 
Not exceeding I 
Not exceeding 10 
Not exceeding 5
 
Not exceeding 2
 
Not exceeding 2
 
Not exceeding I 
Not exceeding 5 
Not exceeding 2 
Not exceeding 0.1 
Not exceeding 2 
Not exceeding 0.1 
Not exceeding 2 
Imperceptible 

RI _1 

Imperceptible 

Imperceptible 

Imperceptible 

Imperceptible 
Imperceptible 

Imperceptible 

The above limits are generally appropriate and should form the basis for the 
control of trade waste admissions by the sewer authority. In two cases, the
Consultant recommends that the authority apply a stricter standard than 
called for by the Regdlation. 
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For BOD and suspended solids, the above limits are very high. It is 
recommended either that a stricter limit of say 500 mg/L be applied for each 
of them or that a high strength charge be made for all discharges that 
typically have BOD or suspended solids in excess of 500 rg/L, because of 
the additional cost of treating such wastes. (There should also be charges 
for the acceptance of trade wastes not matched hy water purchased from the 
public supply.) 

F.4 Dhofar Building Regulation Wastewater Provisions 

Included in Local Order No. 15/89 are the following articles related to building drainage: 

Article 70 

The diameter of wastewater pipes shall be not less than 10 cm up to the first manhole and 
15 cm at the collection stage. I addition, ventilation pipes not less than 5 cm in dianeter 
shall extend from each sanitary fitting above t1 building level by at least 1.20 m. Thse 
pipes shall be ofstrong non-flammable, non-c."rodibl material. 

These provisions vary from the provisions of Article 25 of the Regulations 
fo" External Building Drainage. In addition, th,y are inadequate 
descriptions of the requirements for proper building drainage. 

Article 71 

The waste water pipe shall not be less than 50 cm below ground level.. Its slope shall be as 
follows: 

(a) 	 1/40 forpipes of 100 mm diameter 
(b) 	 1/60for pipes of150 mm diameter 
(c) 	 1/80 forpipes of200 mm diameter 

The waste pipe of 10cm diametershall be connected to a gully trap of 10 cm diameter 
before arriving at the manhole. 

This table introduces a pipe diameter (100 mm) that should not be permitted 
in any service connection or foul drain. The minimum slope for 250 mm 
wastewater pipes differs from that for foul drains in Article 17 of the 
Regulations for External Building Drainage. In addition, as indicated in 
section F.2.2 above, there should be no gully traps on any service 
connections or foul drains. 

Article 72 

There shall be a tightly covered inspection chamber at thefollowing locations: 

(a) 	 At the point where the wastewater pipe direction, slope, level or diameter changes. 
(b) 	 At the junction ofmore than two woste pipes. 
(c) 	 At the entry and exit points (fa wastewater pipepassing tinder a building. 
(d) 	 At thjunction of the vertical and horizontal pipes. 
(e) 	 At the end of the vertical wastewater pipe before its connection to the main pipe or 

to the septic tank. 

It is better to provide cleanouts than inspection chambers on building drains 
and foul drains. Refer to the discussion of Articles 23 and 26 of the 
Regulations for External Building Drainage in F.2.2 above. 
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F.5 Administrative Actions Needed 

It is recommended that the wastewater authority reach an understanding with the Ministry
of Environment regarding the administration of the Regulations for Discharge of Liquid
Industrial Wastes to ensure that the wastewater authority does have the means to control 
admissions to its sewerage system and that the Ministry's requirements regarding discharge 
to the environment are also implemented. Consideration should be given to administration 
by the wastewater authority of the Regulations for Discharge of Liquid Industrial Wastes at 
least in respect of discharges to the sewerage system. 

In support of this understanding, and to codify the manner in which the wastewater 
authority will apply the Regulations on External Building Drainage, a Local Order should 
be enacted which will provide for: 

o 	 Implementation by the wastewater authority of the provisions of the Regulations for 
External Building Drainage with variations to: (a) address the issues raised in 
Section F.2.2 above, and (b) make any appropriate adjustments to the application 
requirements; 

Implementation by the wastewater authority of the Regulations for the Drainage of 
Liquid Industrial Wastes in respect of admissions to the sewerage system, with 
variations to address the issues raised in Section F.3.2 above. 

" 	 Cancellation of the drainage provisions of Dhofar Local Order 15/89 in favour of 
the above provisions, and in favour of application of the provisions of Ministerial 
Decision 5/86: Regulations for Septic Tanks and Holding Tanks, with suitable 
technical interpretations of local applicability. 

It will also be necessary for the wastewater authority to establish and staff permitting and 
monitoring programmes in relation to sewer admissions. 

The issuance of building permits by the Engineering Affairs Department should be 
dependent on the prior issuance of water and sewer connection permits by the water 
supply/wastewater authority(ies). 

Where no sewer is available for a proposed residential property, or for soil and sullage to 
be generated on other-than-residential premises, the building permit should be subject to the 
prior issuance by the wastewater authority of a septic tank construction permit. Such 
permits should require compliance with the relevant part of tL. Regulations for External 
Building Drainage. 

The wastewater authority itself should provide technical review of applications to connect 
to the system, and especially of those from industrial, commercial, agricultural,
horticultural and scientific research establishments, in terms of the understanding to be 
reached with the Ministry of Environment, as proposed above. 

The monitoring function will include inspections of, and sampling at, premises where trade 
wastes are produced. The scale and nature of this programme should be established as part 
of the Priority Works design consultancy. 

Inspections during construction of septic tanks, and of water and wastewater installations 
that are outside the scope of the Priority Works construction contracts, will also be needed 
to ensure compliance with the terms of the construction permits, and as the basis for the 
making of sewer and water connections. A supervisor and a small staff of inspectors will 
be needed for this. 
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APPENDIX G 

WASTEWATER OPTIONS 

G.1 Introduction 

Salalah is served by a modem potable supply system, which serves essentially the entire 
population. Houses and other buildings are equipped with modem plumbing systems and 
flush toilets. Therefore substantial quantities of wastewater are generated, within both the 
fresh water and brackish water zones. In the fonner this creates potential health dangers.
In the latter, it wastes valuable water. The need for action is clear but the facilities needed 
must be established. 

If a public sewerage system is installed, decisions must be made about: the discharge point 
or points for effluent; any uses to which effluent will be put; the type of treatment that is
required to prepare the effluent for disposal or reuse; and the most economical and
acceptable treatment sites, taking into account their relationship with collection system cost. 

Treated effluent can be disposed of or reused. Disposal could be to the sea or to land. 
Marine disposal may be the only means of disposal that could accommodate the full 
ultimate flow of wastewater. Because it is desirable not to waste valuable water,
combinations of reuse and emergency back-up disposal were evaluated. Principal attention 
for disposal was given to land disposal, in an effort to minimise costs. 

Reuse options potentially include irrigation of amenity plantings, creation of a fresh water
barrier at the groundwater/marine interface, irrigation of tree crops, and fodder crop
irrigation. The highest value reuse is for traditional crops. If done by means of aquifer
recharge, a salinity barrier will also be created. 

Compliance with the environmental and legal requirements for disposal and/or reuse of
effluent will impose a minimum need for advanced secondary treatment including
nitrification, and disinfection. For land disposal, and for any form of reuse, additional 
steps are needed to reduce suspended solids and turbidity values to very low levels. The 
need for and economic feasibility of meeting some of the regulatory criteria has been 
evaluated. In particular, the nitrogen removal requirement was considered. For
groundwater recharge, even though potable use is not intended, it is recommended that 
potable quality be maintained in the aquifer. This requires not only nitrification, but also 
denitrification, and is proposed for all options that include recharge. 

Other factors, in addition to effluent quality, that bear on the selection of treatment 
processes include: 

o 	 Economics, including both capital and cperating costs; 
o 	 Land area needed and available; 
o Sludge management, including reuse opportunities and disposal requirements; 
o Proximity to urban and other sensitive areas, with any consequent need to control 

odours, noise and breeding of flying insects; and 
o 	 Proximity to the airport, with any consequent need to avoid providing an a:traction 

for birds. 

Locations for five potential treatment plant sites, seven alternative collection system
concepts, and several reuse and disposal sites are shown on Figure G. I. These represent
principal system configuration options which have been considered. 

The wastewater system will be constructed in stages, selected such that each stage can be 
put to effective use on completion of construction. Factors affecting the staging of the 
system and the selection of the priority works include: the difficulties of installing and 
providing connections to sewers in the older, more congested, parts of the city; the need to 
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ensure that the public and private water supplies are protected from pollution; the possibility
of avoiding the cost of septic tank construction in rapidly developing areas; and the need to 
achieve overall cost effectiveness and environmental harmony. 

G.2 Methodology 

The key components of the overall approach that was taken are: 

o 	 Conducting comparisons initially at various levels within systems rather than 
attempting to combine al! options into complete systems, i.e., it is not necessary to 
compare whole systems with and without screens at wastewater pump stations if 
such screens can be shown to be generally unnecessary or undesirable under the 
prevailing circumstances; 

o 	 Screening out of non-viable options at as early a stage as possible; 

o 	 Identification of components that are common to all systems and therefore do not 
influence the choices between systems; 

" 	 The use of matrix evaluation systems to the extent that these are useful in making 
comparisons by means of criteria lacking common parameters of measurement; and 

o 	 Through a process of successive elimination of non-optimum subsystems, 
developing for final comparison an abbreviated list of system options that have 
meaningful differences between them. 

G.3 The "No Action" Alternative 

Under some circumstances, a viable option, against which action alternatives need to be 
compared, is taking no action at all. Under the conditions that exist in Salalah, however, 
this is not the case. 

The principal conditions that call for major developmental action to be taken in respect of 
wastewater planning in Salalah are: the effects of growth; the deficit in the water balance; 
contamination of shallow coastal wells; possible aquifer contamination in inland areas;
above ground effects of sewage disposal in densely settled areas; and groundwater
pollution by oily wastes. The bases for taking action (without yet defining that action) in 
respect of these conditions are: 

o 	 The Effects of Growth 

The population of Salalah is projected to increase from its 1990 level of about 
77,000 to approximately 180,000 by the year 2010. At current overall per capita
consumption rates, this will increase the quantities of wastewater generated from 
about 12 megalitres per day today to about 35 megalitres per day in 2010. 

o 	 The Deficit in the Water Balance 

The total fresh water resource is suffering an annual loss equivalent to about 8 
million cubic metres per year. The increasing urban water demands, together with 
agricultural water consumption, will cause this annual deficit to increase. Action is 
clearly needed to control or relocate demands, or to provide reclaimed water to 
offset the increasing demands. 

o 	 Contamination of Shallow Coastal Wells 

While very little direct evidence is available of waterborne disease transmission in 
areas where contaminated wells are used domestically, sampling and coliform 
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testing studies by the Directorate General of Health Services of the Ministry of
Health in 1984 in the Al Hafah area showed significant contamination of well water 
to be occurring. Several hundred wells were ordered closed, but wells, some of
which are used domestically, still exist in this and other areas near the coast, where
the depth to the groundwater table is small. Contamination of such wells by
seepage from wastewater soakpits is continuing, based on coliform testing
conducted under this project (see Appendix N). 

o Possible Aquifer Contamination in Inland Areas 

In inland areas such as Saada, where depths to the groundwater table are greater,
the alluvium includes large boulders which are not necessarily embedded in
particles with a graded range of sizes. Rapid flow of effluent to the aquifer in 
certain locations must therefore be assumed to be possible. 

The possibility also exists that, under conditions of future severe drawdown at
either of the municipal wellfields, contaminated groundwater could be drawn into a 
borehole across or against the general direction of flow of groundwater. While
there is no evidence (from coliform testing in the wellfields) that this has yet
occurred, it does need to be guarded against. 

Contamination of private wells that are used for household purposes also is
possible in areas where the alluvium consists of large boulders. Suggestive, but 
not definitive, evidence of this exists in the results of coliform testing of Saada
private well samples done by the Directorate General of Health Services in 1989/90. 

The primary corrective measure against ground and groundwater pollution by
domestic sewage discharges is to collect the wastewater in a reliable piped system
and carry it away from the premises. 

c Above Ground Effects of Sewage Disposal in Densely Settled Areas 

In densely settled urban areas near the sea, damp soil conditions and sewage odours 
occur around some soakage ("septic") tanks. This is particularly prevalent during
high tides and storms. In the older central urban areas, household wastewater tanks 
are generally located in streets and alleyways and in many cases have their tops
above ground, creating obstructions to any future formalising and paving of the
traffic ways. These aesthetic and potential health problems require alternative 
means of disposal of domestic wastewater. 

o Groundwater Pollution by Oily Wastes 

There are six vehicle service stations located over the fresh water aquifer in the 
eastern part of the existing urban area. These produce substantial volumes of water
containing partially emulsified oil along with detergents and other material. These 
wastewaters are collected in holding tanks for removal by tanker trucks. While the 
greater part is removed in this way, there are overflows and leakage almost certainly
occurring from the tanks. Since mineral oil is toxic, effective removal of the oil and 
the remaining wastewaters, and cleanup of the sites, is needed. 

It is therefore concluded that "no action" is not a viable option. However, the many"action" options and their priorities must still be evaluated and compared. 

G.4 Planning Criteria 

The primary conceptual ways in which technically sound alternatives may differ are in 
respect of the relative emphasis given to economics, social considerations and 
environmental acceptability. 
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o Economic Analysis 

In the economic evaluation of wastewater alternatives, both benefits and costs are 
an important consideration. Least cost analysis is an important element of 
comparative analysis. Benefits from agricultural use of water are directly 
quantifiable. The value of reclaimed water can be quantified by an opportunity cost 
approach. However, some of the benefits are not quantifiable in monetary terms. 
An illustrative example is the benefit to the general populace in maintaining the 
viability of the traditional agricultural strip by aquifer recharge of reclaimed water. 
This is primarily an aesthetic and social benefit, and must be accounted for as such. 

o Social Considerations 

After taking into account such economic benefits as can be identified for the uses of 
reclaimed water to be provided for under the various alternatives, the primary 
economic criterion to be met is cost minimisation. However, the extent to which 
cost can acceptably be minimised may be limited by social needs or constraints. 
Therefore, while both social and economic criteria must be allowed for in all 
alternatives, there are sufficiently important social issues at stake that it is proposed 
that social criteria for the uses to be made of reclaimed water constitute a key 
differentiating factor between the alternatives to be developed. 

o Environmental Acceptability 

It is not proposed to develop alternatives that are environmentally unacceptable. 
There are, however, alternative bases for interpretation of what is environmentally 
acceptable. One basis is compliance with Ornani environmental laws and 
regulations, supplemented by interpretations of the regulations as indicated in 
advance by the Ministry of Environment. Another is me avoidance of 
environmental degradation as predicted by technical estimation of the effects of the 
alternative systems on land, air, water, flora and fauna on the basis of the best 
evidence available. In most respects there is no disparity between these sets of 
criteria. However, for a few effluent parameters and reuse modes, there may be 
differences under some circumstances. To the extent that this is the case, their 
identification and evaluation is important. 

Financial feasibility, based on scale of expenditure, is considered to be an issue primarily 
of staging, given that economics is already included in the prime list. Broad staging is an 
important issue that must be taken into account in the framing of the separate wastewater 
subsystems, although detailed staging is an implementation matter. There is considerable 
latitude for adjustment of staging, to reflect such matters as availability of funds, without 
violating the economic, social and environmental basis of the selected alternative. 

Based on the foregoing discussion, it is clear that the evaluation of alternatives involves the 
interaction of technical, economic, sociai and environmental factors. Their definition, 
however, is driven by technical considerations because, lacking technical viability, 
evaluating an alternative on economic, social or environmental grounds becomes an 
academic exercise. In consequence, the nature of the alternatives to be considered in this 
report grows out of technical considerations. Further, since the provision of an adequate 
long-term supply of water to meet the needs of a growing population is one of the primary 
objectives of the Water and Wastewater Masterplan for Salalah, water supply 
considerations form the basis for development of global Masterplan alternatives for 
comparison. Aquifer recharge of reclaimed water is one of the policy issues for which 
decisions as to cultural or political acceptability must be made by government. 
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G.5 Development of Wastewater Options 

Wastewater infrastructure options have been identified and evaluated on the basis of thetypes of components required to assemble complete functioning systems and also on the 
basis of environmental, economic and other issues discussed above. 

For wastewater management, types of components include: 

o Collection systems including service connections; 

o 	 Disposal and reuse facilities including effluent delivery systems; 

o 	 Water reclamation plants; and 

o 	 Wastewater conveyance facilities which include trunk sewers, pump stations and 
force mains. 

Overall wastewater management concept options include on-site systems and sewage
collection. Collection systems have been laid out to make the best possible use of gravityflow. Options considered include pipe materials, and staging based on urgency of need
and cost. Lateral sewers are planned for ultimate expected flows. 

Disposal and reuse options considered include: marine disposal; land disposal outside the
freshwater zone; disposal to wadis in non-sensitive areas; direct tree crop, recreational andamenity horticultural reuse; and indirect reuse for the highest value (besides urban domestic
use) economic uses through aquifer recharge. The required effluent delivery systems wc,'i
dictated by the treatment and disposal/reuse facilities. 

Treatment plant options include siting alternatives, and process options related to thedisposal and reuse alternatives tinder consideration taking into account process constraints
dictated by the particular sites. General locat'ons for treatment were selected to place themwithin economical distance of the areas where disposal or reuse is to occur. Specific sites
within those areas were identified to provide barrier distances from residential and sensitive 
areas and to minimise the impacts of any potential plant breakdowns. 

Wastewater conveyance facilities such as trunk sewers, pump stations and force mains
have been laid out in conformity with overall layout, treatment siting and effluent deliverysystems that support the various treatment, effluent disposal and reuse systems that have
been compared. The conveyance systems differ primarily in their contributions to systemcosts, which have been minimised by minimising depths of sewers, numbers of pump
stations and pumping heads. Options considered include alternative pipe materials.
Conveyance systems have been generally planned for ultimate foreseeable flows, except
that provision has been made for staged installation of pumping units as demand increases. 

G.6 Use of Reclaimed Water 

G.6.1 	 Introduction 

The reuse of reclaimed water is practiced satisfactorily in many countries. This isespecially important in arid areas, where reclaimed water reuse for selected purposes
enables scarce groundwater, or expensive desalinated water, to be reserved for the highestvalue use, namely potable water supply. Such satisfactory examples must be distinguished
from the reuse of inadequately treated wastewater, which also occurs and generally results 
from inability to provide the needed treatment fa.;lities. 

Controlled reuse is a rapidly growing trend in many parts of the world, including the
Middle East, the USA arnd Europe. There are many examples of satisfactory reuse of
reclaimed water, in Morocco, Tunisia, Kuwait, Bahrain, Jordan, Cyprus, France, 
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California, Arizona, Texas, Florida, and many other locations. In most of these places,
increased use of reclaimed water is planned for the future. 

The conditions in Salalah are such that reclaimed water has great potential to replace
groundwater for uses that do not require potable water. The users can be given the 
protection of a sufficient level of treatment, combined with other appropriate protective
barriers, to safeguard both health and aesthetic concerns. 

In fact, multiple reuse of river waters for direct human consumption occurs on all 
continents. The waters of many major rivers have been completely withdrawn, treated,
consumed, treated as wastewater, discharged back to the river, and withdrawn again
several times over by the time that they reach the sea. The concept of reclamation for any 
type of reuse, including potable reuse (which is not being considered here), is therefore 
not a radical new departure. 

The key potential uses for reclaimed water in Salalah are direct use for irrigation,
groundwater recharge, recreation and irrigation of amenity plantings. The options
considered for each of these uses are discussed subsequently. 

G.6.2 Examples and Case Studies 

In the arid countries of the Middle East water has always been regarded as a valuable 
commodity. As development in the region has taken off in the last decade it has almost 
invariably included ambitious plans for effluent utilisation for economic and other 
pragmatic reasons. Many of the projects commenced in the early 1970s have now reached 
operational status and are enhancing the local environment. 

Some examples and case studies of several schemes in the Middle East, the United States, 
and other countries where water is limited, follow. 

Morocco 

Reclaimed water at present is only geared towards agricultural activities. Irrigation is by
simple gravity systems primarily located on the outskirts of urban areas equipped with 
treatment systems. Some 150 MLd of reclaimed water is used to irrigate 6000 ha out of a 
total of 1,000 MLd. By the year 2000 it is expected that there will be some 1,400 MLd of 
reclaimed water available for the irrigation of 50,000 ha. 

Tunisia 

The first application of reclaimed water in Tunisia dates back to 1960. Twenty six 
treatment plants now exist treating approximately 300 MLd employing primary and 
secondary treatment and about 10 percent of it is used for irrigation. Thirty more treatment 
plants will be constructed by the end of the decade and 95 percent of the reclaimed water is 
intended for the irrigation of some 20,000 ha. The government is currently preparing
health standards and guide-lines for crop selection and irrigation techniques and has 
adopted a stringent authorisation procedure to eradicate any possible health risk. 

Kuwait 

Wi i.in the past 20 years Kuwait has experienced rapid development from a small fishing 
com'nunity to a very highly technical nation. Desalinated fresh water became the 
pred ,minant water source. Before the Iraq invasion in August 1990 the desalination 
capacity was some 747 MLd. Although used fbr many activities it was not considered 
econo-aical for agricultural use. This has compelled the government to consider treating 
water for reuse as a water resource for agricultvre. Three major treatment plants provide
tertiary treatment using rapid gravity sand filtration and chlorination to obtain BOD levels 
less than 1.9 mg/L and SS level 1.0 mg/L. The government prepared a systematic priority 
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plan in the early 1980's to promote reclaimed use for irrigation in order to make Kuwait 
self sufficient in many agricultural products. The established farm covering an area of 860 
ha receives water from the three treatment plants. Alfalfa is grown using linear move 
sprinklers and vegetable crops (aubergines, peppers, onions) using semi portable
sprinklers and flood and furrow methods. The ultimate project objective is to develop 2700 
ha of intensive agriculture in enclosed farms growing these crops. In addition an ambitious 
programme of 9000 ha of afforestation is planned. 

Abu Dhabi 

Reuse of reclaimed water commenced in 1976. Because there was no established 
agriculture except reafforestation at that time, focus was on amenity use. However with 
depletion of supplies in the surrounding desert, farmers are moving nearer to the town and 
to a readily available water supply. TFhe Mafraq treatment works at present has a capacity
of 145 MLd and reclaimed water is used in amenity areas such as road verges,
roundabouts, gardens and parking areas, and also for irrigation of crops for human 
consumption. The treatment criteria require BOD < 10 mg/L, SS < 10 rag/L, complete
nitrification, P < 8 mg/L, pH 6.5 and MPN < 100 coliform/100 ml in 80 percent of 
samples. Effluent quality is closely monitored to ensure that salinity levels do not increase 
above tolerable levels. 

Bahrain 

Reclaimed water reuse is limited to controlled state farms to prevent any possible health 
effects. Agricultural development had to be held up on account of the high salt water 
intrusion into the country's major aquifer on account of over pumping. The policy goal is 
to replace two-thirds of the consumption with desalinated water. Further the Government 
in 1984 initiated a scheme to use treated wastewater to reduce the need for groundwater. 

The centralised treatment works at Tubli Water Pollution Control Centre serves about 50 
percent of the population. A major portion of the effluent is discharged to the sea whilst 85 
MLd undergoes tertiary treatment using filtration and ozone for irrigated agriculture on 
state controlled farms. The government has an ambitious three phase development plan to 
the year 2010. 

Jordan 

Water reuse is practiced mainly indirectly in Jordan such as discharging treated effluent into 
wadis and reusing it downstream for irrigation. Aquifer recharge through wadi beds is 
quite common providing the only base flow in the dry season in some cases. At present
only 60 percent of the estimated 47,000 ha of land is cultivated on account of water 
scarcity. The water authorities have therefore realised that reclaimed treated water will be 
the best alternative to meet additional water demand and increase irrigated agriculture. The 
total volume of water from treatment plants is about 100 MLd and is expected to rise to 170 
MLd by 1995. 

The national policy on the direct use of wastewater requires that it be practiced in the 
vicinity of the treatment plants. Such practice is advocated only for the cultivation of 
silviculture, fruit trees, fodder crops and vegetables which are cooked before consumption. 
All new treatment plants must incorporate an on-site reuse component. By the year 2000, it 
is expected that approximately 30,000 ha of land will be irrigated using reclaimed water. 

Egypt 

The use of reclaimed water has hardly been realised in Egypt, despite the agricultural 
constraints caused by the lack of water, but this is expected to change in the next 10 years.
A national policy requires that all new treatment plants with capacity ranging from 20 to 
100 MLd must be designed to reuse all of the effluent. A project is also planned to irrigate 
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approximately 80,000 ha from Greater Cairo's reclaimed watf.r by the year 2000. The total 
capacity of treatment plants may reach 10,000 MLd by the year 2010, from which 8,200 
MLd could b: used for agriculture. 

Riyadh - Saudi Arabia 

Riyadh population has almost tripled over the last 10 years to 2 million people. This has
created water shortages and a necessity for water reclamation. In the city, there are
approximately 30 projects involving water reuse. Industrial and agricultural enterprises
rely on effluent from the Riyadh Wastewater Treatment Plant (RWWTP). 

The first stage of the RWWTP was implemented in 1976 and then expanded in 1980 to 80 
MU. A second stage was completed in 1983 bringing the capacity to 200 MU. Since that
time wastewater flows have increased dramatically and at present (end 1990) are over 330 
MLd.
 

The plant, which provides preliminary, primary, secondary, and chlorination treatment, is a 
high-rate trickling filter system with random-fill plastic media, followed by two aerated 
lagoons, and finally chlorination. 

Sludge treatment is achieved by anaerobic digestion, followed by sand drying beds. The
dried sludge is hauled away by farmers who use the material as a soil conditioner or 
additive. Plans have been completed to provide tertiary treatment of the wastewater; this 
will be gravity sand filtration of the final effluent. 

TABLE G.1 Riyadh WWTP Influent and Effluent Composition 

Constituent Concentration mg/L
 
Influent Effluent
 

Total dissolved solids 1300 1200
 
Suspended solids 
 250 40
Settleable solids (mL/L) 3 ND
 
BOD5, 200 
 250 45
 
Chemical oxygen demand (COD) 450 
 100 
Ammonia-nitrogen 25 25
Nitrate-nitrogen - < 1 
Phosphates 10 7
Chlorides 180 160 
Alkalinity 240 200 
Grease 100 10
Temperature, "C 29 27 
Free available chlorine 0.0 0.8
Io al chlorine residual 0.0 4.0 
pH 7.3 7.4
Dissolved oxygen 0 5
Total coliform 106/mL 50 to 100/100 mL< 

About 3.6 MLd of effluent is used for landscape irrigation at the RWWTP. The grassed 
areas are aerial-spray irrigated while the shrubs and flowers are flood irrigated. Areas 
adjacent to the housing and main .ffices at the plant are watered with potable water to 
prevent any unwarranted use of the effluent. 

The largest portion of the plant's effluent is pumped to Dirab and Dariyah for agricultural
irrigation. The pumping station at Riyadh has a capacity of 120 MLd with an on-line 
storage of 300,000 cu. m. The transmission line to Dariyah, which has a capacity of 200 
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MLd, is 50 km long and 800 mm in diameter. The transmission line to the Dirab irrigation 
site is 55 km long and 1000 mm in diameter. 

In 1985, 92 MLd of RWWTP effluent was pumped to Dirab to irrigate over 2000 ha. The 
farms at Dirab average around 65 ha in size and the main crops are wheat, fodder and 
vegetables. Also in B 85, 70 MLd of RWWTP effluent was pumped to Dariyah to irrigate 
approximately 1500 ha. The farms at Dariyah average about 15 ha and the main crops are 
date palms, fruit trees, vegetables and fodder. 

The irrigation water has made it possible to more than double the land under cultivation at 
Dirab; as in the past, the wells at Dirab used for irrigation would be dry during the summer 
months. Nutrients in the effluent especially nitrogen and phosphorus, redice the need for 
fertilizers, thus, reducing costs, and substantial savings are being realized. 

The tentative Saudi Arabian Water Quality Standards for unrestricted agricultural irrigation 
are 10 mg/L for 5-day BOD and 10 mg/L for SS. The effluent at present does not meet the 
tentative standards, but, as soon as the tertiary plant is completed, there should be little 
difficulty in producing an effluent that meets these requirements. However, overloading, 
also, presents problems. 

Plans have been completed and construction is presently underway on a new 200 MLd 
plant located just to the north of the existing plant. The new plant will also provide 
preliminary, primary, secondary and tertiary treatment. The secondaiy treatment process, 
however, will be an activated sludge system incorporating a nitrification-denitrification 
process, and tertiary treatment will consist of sand filtration and chlorination. 

Sudan 

Sudan is an arid country with the Nile being the most important water source. The Public 
Health Act of 1975 prohibits the reuse of raw sewage. Khartoum has two sewage 
treatment plants. The effluent from the Khartoum South plant (30 MLd) is used for 
irrigation of a tree plantation in a green belt in the south. The effluent from the Khartoum 
North plant (25 MLd) vas intended for irrigation. Only the first phase of the stabilisation 
ponds has been completed to date and the farmers are refusing to use the effluent for 
irrigation, primarily because of industrial waste products in the effluent. In one case, 
effluent from a treatment plant (26 m3 /d, 80 ppm BOD) is being used for sugarcane 
irrigation. Sludge is being sold to farmers and there are plans for production of 10,000 
m3 /d of biogas in Kh:,rtoum. No epidemiological studies have been carried out on health 
hazards from wastewater reuse. 

Namibia 

In Windhoek, reclaimed water has been used for urban potable supply since 1969. The 
processes originally employed were biological treatment, maturation ponds, algae flotation, 
foam fractionation, chemical clarification, carbon absorption and breakpoint chlorination. 
Ammonia removal by the maturation ponds proved to be unreliable, placing a heavy burden 
on the breakpoint chlorination process, which became very expensive. The tertiary 
processes were therefore changed in 1976 to include lime treatment, ammonia stripping, 
recarbonation, filtration, breakpoint chlorination and carbon absorption. 

Average effluent analyses include: amnonia (as N) 0.1 mg/L; organic nitrogen 0.6 mg/L; 
nitrate (as N) 9.7 mg/L; COD 11.6 mg/L; total dissolved solids 646 mg/L; chloride (as Cl) 
162 mg/L; total phosphorus (as P) 0.3 mg/L; magnesium (as Mg) 3.4 mg/L; and sulphate 
(as S04) 139 mg/L. 
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Epidemiological studies have shown no increase of diarrheal disease and no increase in 
hepatitis A due to the use of the reclaimed water. Mutagens could not be detected by the 
Ames Salmonella/microsome assay method. (WPCF 1989) 

Florida, USA 

The City of Orlando and Orange County, FL established in 1986 a wastewater reclamation 
and reuse system that includes the largest irrigation project using reclaimed water in the 
USA. It combines irrigation of citrus groves with groundwater recharge in a 166 MLd 
system with two tertiary treatment plants. CDM designed the groundwater recharge
component of the system, including the upgrading and expansion of the related treatment
plant to 87 MLd. Groundwater recharge is achieved in 60 separate infiltration basins, 
averaging about 0.5 ha each in area. The basins allow the reclaimed water to be stored in 
the groundwatcr aquifer at times when irrigation demand is low. In periods of high
demand, citrus growers use both piped reclaimed effluent and supplemental groundwater. 

Manatee County, FL, has adopted a programme, planned by CDM, for an innovative "zero 
discharge" effluent reuse system. Of the three treatment plants to be incorporated in the 
scheme, one is an existing 68 MLd activated sludge, filtration and chlorination plant. The 
other two will be new 20 MLd facilities utilising the anoxic-aerobic activated sludge 
process, followed by filtration and chlorination, as is proposed for wastewater reclamation 
for Salalah. Efflunt is currently reused for furrow irrigation of agricultural land and spray
irrigation of a park and three golf courses. Future uses will also include citrus groves,
pasture and sod farms. This county-wide water reuse programme received a 1989 
Engineering Excellence Award from the Florida Institute of Consulting Engineers. 

St Petersburg, FL, is located in a water-short area. The city has constructed a limited dual 
distribution system to provide non-potable water for the spray irrigation of street medians,
parks, school grounds, golf courses, and commercial and residential sites. Treatment of 
the wastewater consists of secondary treatment by activated sludge followed by filtration,
chlorination and 12-hour storage. When necessary, the effluent is recnilorinated. This 
reuse system reduced potable water demand by 10 to 15 percent. The city requires that 
mechanical irrigation equipment be used in order to minimise ingestion by drinking from 
hand-held hoses. (WPCF 1989, Miller 1990) 

California, USA 

The Whittier Narrows groundwater recharge project in Los Angeles County, CA, augments
recharge that occurs naturally. Effluents from three wastewater reclamation plants, together
with captured storm runoff from mountainous tributary areas, is recharged into the 
Montebello Forebay, which is a supplemental groundwater source for urban potable water 
supplies in the greater Los Angeles area. Reclaimed water comprises about 16 percent of 
the total recharge of the basin each year. The Los Angeles Regional Water Quality Control 
Board has approved increasing this to 30 percent. Effluent recharged to the Forebay was 
until 1978 given secondary and chlorination treatment only. 

The three plants now include the same anoxic-aerobic, nitrification-denitrification activated 
sludge process that is now proposed for Salalah, plus either dual-media filtration or 
activated carbon filtration. The final effluents comply with primary drinking water 
standards including limitations of less than 2.2 MPN/100 mL and less than 2 turbidity
units. No adverse health effects have been detected (WPCF 1989). The reclaimed water 
quality produced by the three plants is presented in Table G.2. 

Lancaster, CA, uses tertiary effluent in boating and fishing lakes. A portion of the effluent 
from the Lancaster wastewater treatment plant oxidation ponds is given additional treatment 
by alum precipitation of phosphorus and algae, followed by filtration and chlorination 
before being pumped to the lakes. Water from the lakes is used to irrigate park landscaping 
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and to prevent the concentration, by evaporation, of minerals in the lake water. (WPCF 

1989) 

TABLE G.2 Quality of Reclaimed Water at Whittier Narrows CA* 

Constituent 

Arsenic 
Aluminium 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 
Fluoride 
Lindane (ug/L) 
Endrin (ug/L) 
Toxaphene (ugL) 
Methoxyclor (ug/L) 
2,4-D (acid) (ug/L) 
2,4,5-TP (Silvex) (ug/L) 
Potassium 
Sodium 
Phenols 
Suspended Solids 
BOD 
Turbidity (NTU) 
Total Coliform (MPN/100 mL) 
pH (units) 
Total Dissolved Solids 
Organic Nitrogen 
Ammonia Nitrogen 
Nitrite Nitrogen 
Nitrate Nitrogen 
Chloride 
Sulphate 
COD 
Colour (units) 
Total Organic Carbon 

San Jose 

Creek WRP 


< 0.005 
0.05 
0.06 
0.52 

< 0.01 
< 0.02 
< 0.02 

0.09 
< 0.03 
< 0.02 

< 0.0003 
< 0.03 

< 0.001 
< 0.005 

0.09 
0.56 

< 0.05 
< 0.01 

< 1.3 
< 0.5 
< 1.6 
< 0.3 
13.1 

123 


0.004 

3 

7 


1.7 

< I 

7.1 

597 

1.6 

10.8 
0.65 
0.99 


118 

111 

41 

18 

13 


Whittier Narrows Pomona WRP 
WRP 

0.003 < 0.004 
0.12 < 0.05 
0.03 0.04 
0.42 0.43 

< 0.01 < 0.01 
< 0.03 < 0.03 
< 0.02 < 0.20 
< 0.70 0.10 
< 0.03 < 0.04 
< 0.01 < 0.01 

< 0.001 < 0.001 
0.04 < 0.03 

< 0.008 < 0.001 
< 0.005 < 0.005 

0.05 0.04 
0.75 0.51 
0.08 0.03 

< 0.02 < 0.01 
< 6.5 < 6.9 
< 2.1 < 2.8 
< 4.9 < 5.4 
< 0.9 < 0.9 

10 13.1
 
107 119
 

0.005 	 0.005
 
2 2
 
4 5
 

1.6 1.1
 
< 1 < 1
 
7.1 7.2
 
521 554
 
1.8 1.3
 

13.3 13.2 
0.96 0.33 
1.71 	 0.31
 
84 121
 

104 	 80
 
32 33
 
17 14
 
11 10.9
 

*Note: Concentrations in mg/L unless otherwise noted; for period 7/88 - 6/89 

Texas, USA 

Lubbock, TX, has been providing treated effluent for agricultural irrigation since 1938. 
The present treatment plant includes two trickling filter systems and an activated sludge 
system. The effluent is sprayed through 22 centre pivot irrigators. In 1982/3, because of 
odour problems caused by direct spraying of part of the flow, the full flow of effluent was 
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passed through storage reservoirs before spraying. This eliminated the odour problem by
removing 71 percent of the nitrogen in the effluent. In 1984, chlorination was added to 
further reduce odour and to control biological growth in the force main. The principal 
crops grown are cotton, grain sorghum, wheat and soybeans. (WPCF 1989) 

Arizona, USA 

Tucson, AZ, in 1982, faced with a severe shortage of potable water, mandated that all 
parks, 	 school grounds, cemeteries, and municipal and private golf courses must be 
irrigated with rcclaimed wastewater. Because of the very wide seasonal variations in 
demand, effluent is stored in an underground storage and recovery system. A preliminary
demonstration showed that this procedure was safe. The completed system wil! provide
120 MLd of reclaimed wastewater (Miller 1990). Some of the irrigation is with disinfected 
secondary effluent and some is with secondary effluent that has been filtered and 
disinfected. 

Virginia, USA 

The 102 MLd Occoquan, VA, advanced wastewater treatment plant reclaims wastewater for 
discharge to the principal water supply reservoir for more than 660,000 people in northern 
Virginia. The discharge permit limits are among the strictest in the USA. The requirements
include: 

Parameter Unit Weekly Average
 
Concentration
 

BOD mg/L 1.0 
COD mg/L 10.0 
Suspended solids mg/L 1.0 
Unoxidised nitrogen (TKN) mg/L 1.0 
Total phosphorus mg/L 0.1 
MBAS* mg/L 0.1 
Turbidity TU 0.4 
Faecal coliforms Number/100 mL <0 2 

(* Methylene blue active substances - surfactants) 

The treatment processes includ,; activated sludge followed by tertiary chemical 
precipitation, carbon filtration, resin-based denitrification, and chlorination. During
droughts in 1977 and 1980-81, reclaimed wastewater constituted 80 percent and 90 
percent, respectively, of the inflow to the reservoir. (WPCF 1989, Miller 1990) 

G.6.3 	 Water Quality Aspects 

In Oman, the Regulations for Wastewater Reuse and Discharge (Ministerial Decision 5/86 
dated 17 May 1986) provide for alternative methods of reuse to be: 

o 	 In a buried drip feed system for the irrigation of ornamental trees and shrubs in 
areas where there should not be public exposure; 

o 	 In approved groundwater recharge systems in areas where there should not be 
public exposure. These areas may include open land or wadis; 

o 	 Reuse of reclaimed water for industrial processes where there will not be any
danger to the workers. Full details of such reuse is to be submitted when making 
the application for a Permit to Discharge; and 
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S 	 The reuse of reclaimed water for flood, hosepipe, sprinkler or spray irrigation shall 

not be permitted without the prior consent of the Ministry of Environment. 

G.6.3.1 Water Quality Standards for Reclaimed Water 

The Oman reuse and discharge standards are compared with the FAO guidelines set out in 
FAO Paper No. 29 (1985) in Table G.3. 

TABLE G.3 Comparison of Oman Reuse and Discharge Standards and FAO 
Water Quality Guidelines for Agriculture 

Parameter Units FAO Guidelines Oman Standards 
Maximum (average) 

Salinity (Ecw) mS/cm 700 - 3000 2000 (from TDS)

TDS mg/L 450-2000 1500(1000)

SS mg/L 15(10)

B mg/L 0-2 2(1)

Cl surface mg/L 140 - 350 350 (250)

C1 sprinkler mg/L 100 350 (250)

Mg mg/L 0-60 150(30)

Ca mg/L 0-400 -

HCO3 mg/L 0-600 
P04-P mg/L 0-2
 
Total P mg/L 	 30(20)

K mg/L 0-2 -

Na mg/L 0-900 200(70)

S04 mg/L 0 - 960 400(200)
 
C03 mg/L 0-900
 
N03-N mg/L 5-30
 
Total N mg/L 50 (30)

pH 	 6.0-8.5 6-9(6-9)

Total Coliforms 23 (2.2)
 
Pathogenic ova and
 
cysts 
 No detection 

The Oman and WHO drinking water standards establish 45 mg/L of nitrate (equivalent to 
10 mg/L of nitrate as N) as the limit. If recharged groundwater is to be protected against
deterioration below potable quality, its nitrate content would need to be kept below this 
level, taking into account probable conversion of organic nitrogen to nitrate in the aquifer 
on the one hand, and dilution of effluent in the aquifer on the other hand. 

G.6.3.2 Crop Acceptance of Reclaimed Water 

The reuse and discharge regulations do not have limits for calcium (Ca); bicarbonates 
(HCO3); or potassium (K). Water samples taken from the fresh water wellfield for Salalah 
show calcium (Ca) typically has a value of 210 mg/L; and HCO3 205 mg/L. 

Metcalf and Eddy (1991) indicate increases in mineral constituents through domestic water 
use as shown in Table G.4. These constituents would not change through the treatment 
processes, except possibly for phosphorus. 
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TABLE G.4 Mineral Constituents in Reclaimed Water 

Increase from Resulting Total 
Constituent Domestic Use Concentration 

(mg/L) (mg/L) 

Ca 6-16 226
 
HCO3 50- 100 
 305
 
K 7-15 15
 

Sodium Absorption Ratio (SAR) 

SAR can be estimated using the formula SAR = Na (Ca + Mg/2)-1/2 to be 2.5 milli
equivalents based on the values in Table G.4. For the Oman EC limits of 1500 mS/cm, the
corresponding SAR should be in the range of 6 - 12. Since the computed value of 2.5 is 
much below this range, no soil ifiltration problems are envisaged. 

Chloride 

The most common toxicity problem for crops is chloride in the reclaimed irrigation water
supply. Chloride is not absorbed or held back by soils. It moves readily with the soil
water, is taken up by the crop, moves in the transpiration stream, and accumulates in the
leaves. If the chloride concentration in the leaves exceeds the tolerance of the crop, injury
symptoms develop such as leaf bum or drying of leaf tissue. Normally, plant injury occurs
first at the leaf tips (which is common for chloride toxicity), and progresses from the tip
back along the edges as severity increases. Excessive necrosis (dead tissue) is often 
accompanied by early leaf drop or defoliation. With sensitive crops, these symptoms
occur when leaves accumulate from 0.3 to 1.0 percent chloride on a dry weight basis, but 
sensitivity varies among these crops. Many tree crops, for example, begin to show injury
above 0.3 percent chloride (dry weight). 

Overhead sprinkling, particularly of sensitive crops, can cause toxicities not encountered
when irrigating by surface methods. The toxicity occurs due to excess quantities of 
chloride (and sodium) from the irrigation water being absorbed through leave', wet by the
sprinklers. Extreme cases have resulted in severe leaf bum and defoliation. A ,.i. ption
and toxicity occur mostly during periods of high temperature and low humidity. 

The FAO quidelines indicate that for sprinkler irrigation the general limit on chlorides is 3.0 
me/L (100 mg/L), for use without restriction to specific crops. The Oniani letIl~ltions do 
not distinguish between spray and surface application, and specify a limit of 10 mc/L (350
mg/L). However, FAO suggests that for fodder crops (alfalfa), tolerance bcfire leaf hums 
and foliar injury is within the 10-20 me/L range. Hence if the Omani standards re met,
there is not likely to be a problem on irrigating fodder with reclaimed water using existing
overhead methods. 

Nutrients 

Nutrients in reclaimed municipal wastewaters can provide fertilizer benefits to crop or
landscape development, but can also be in excess of plant needs and cause excessive
vegetative growth, delayed or uneven maturity, or reduced quality. Periodic checking is 
needed to estimate the amount of nutrients being applied. These amounts should then be
included as part of the fertilisation programme. Nutrients occurring in quantities important
to agriculture and landscape management include nitrogen, phosphorus and occasionally
potassium, zinc, boron and sulphur. The most beneficial and the most frequently excessive 
nutrient is nitrogen. 
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Nitrogen 

The Omani reuse and discharge regulations set a limits of 30 mg/L average, 50 mg/L 
maximum for total nitrogen and I mg/L average, 5 mg/L maximum for ammonia nitrogen. 
The FAO guidelines set a range of 5-30 mg/L total nitrogen. Total nitrogen includes NH4-
N, N03-N, N02-N and organic N. 

The nitrogen in reclaimed wastewater that reaches the field in irrigation water is equivalent 
to fertilizer nitrogen, but cannot be varied to match crop requirements. At each irrigation, 
nitrogen is applied along with the water and fertilizes the crop. This is beneficial in the 
early stages of growth but much less beneficial towards maturity. Excess nitrogen may 
stimulate excessive vegetative growth, delay maturity or reduce crop quality. If too little 
nitrogen is present, supplemental fertilizer nitrogen is needed for satisfactory crop yields. 
Hence it is important to monitor nitrogen levels in relation to fertilizer requirements during 
operation. 

Phosphorus 

Phosphorus is also needed by all plants. The phosphorus content in reclaimed wasi,;water 
is usually much less than is needed by crops. However, phosphorus in reclaimed water 
gradually builds up the soil phosphorus, and reduces the need in future years for 
supplemental phosphorus fertilizers. 

Phosphorus introduced into a soil system is subject to various fates including: 

o 	 Plant uptake; 
o 	 Fixation by the soil; 
o 	 Loss through leaching; and/or 
o 	 Retention in a form available for plants depending on the soil's anion exchange 

status. 

All of these processes may occur within a soil system, but typically one will dominate 
depending upon soil chemistry. The soil's ability to fix or chemically stabilise phosphorus, 
thereby rendering it unavailable to plants, is dependent upon the amount of soluble iron, 
aluminium, manganese, and available calcium in the soil. These factors are greatly 
dependent upon soil pH and mineralogy. Soils having appreciable quantities of iron, 
aluminium and manganese and low pH (< 6) will tend to fix phosphorus (P) readily. On 
the other hand soils high in calcium with high pH (> 7) will also bind P into insoluble 
compounds. 

Generally, the pH at which P is at its maximum availability to plants is pH 6-7. If not fixed 
by the soil the P will most likely exist in the anionic (negatively charged) form. As such it 
may satisfy positive charges on the soil mineral surfaces (known as anion exchange) in 
which case the anion is retained in the soil and is available for plant uptake. 

When the anion exchange capacity of the soil is low, no mechanism exists to retain the P 
anions in the soil and they move with the water as it percolates through the soil profile. 

The primary adverse effects from high P additions are: 
(1) unavailability of micronutrients to growing crops, and 
(2) groundwater contamination. 

Micronutrients such as zinc (Zn), copper (Cu), and manganese (Mn) may be bound by 
excess P and rendered unavailable for plant uptake. Micronutrient deficiencies are, 
however, readily identified and can generally be quickly corrected. Groundwater 
contamination from excess P (soluble P forms) may result over time after the fixing 
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capabilities of the soil are exhausted. P, however, becomes less soluble over time as it 

precipitates into nine insoluble secondary P compounds. 

Other Constraints 

Abnormal pH and clogging of irrigation water systems may occur when reclaimed water is 
used. Solutions to such problems must be developed case by case. 

Water pH is seldom a direct problem by itself, but pH outside the normal range (6.5 - 8.5)
indicates an abnormal water containing a toxic ion, and requiring evaluation of the source 
and/or improved treatment requirements. Low pH causes corrosion of metallic pipes and 
equipment, but metallic pipes are generally cement lined to limit corrosion. 

Reclaimed waters receiving less than tertiary treatment can support growths (slimes,
bacteria, etc.) in the sprinkler head, emitter orifice, or supply line and may cause plugging.
The most frequent clogging problems occur with drip irrigation systems carrying secondary 
effluent. Such systems are considered ideal as they are totally closed systems and avoid 
exposure of workers or the general public to the reclaimed water. However, reliable 
tertiary treatment, including coagulation and filtration, is necessary for a drip irrigation 
system. 

Guidelines for the use of reclaimed waters in drip irrigation systems are shown in Table 
G.5. 

The Omani water quality standards are sufficiently stringent to allow the use of drip
irrigation systems, by assuring that the limits given in Table G.5 are met. 

TABLE G.5 Guidelines for the Use of Reclaimed Water in Drip Irrigation 
Systems 

Type of Problem Potential Restriction on Use 
Little Slight to Moderate Severe 

Phy.sical 
Suspended solids (mg/L) < 50 50 - 100 > 100 

Chemical 
pH < 7.0 7.0 - 8.0 > 8.0 
Dissolved solids (mg/L) < 500 500 - 2,000 > 2,000 
Manganese (mg/L)a < 0.1 0.1 - 1.5 > 1.5 
Iron (mg/L)b < 0.1 0.1 - 1.5 > 1.5 
Hydrogen sulphide (mg/L) < 0.5 0.5 - 2.0 > 2.0 

Biological 
Bacterial populations < 10,000 10,000- 50,000 > 50,00 
(max. number/100 ml) 

a. 	 Plant toxicities may occur at lower manganese values, but only in acid soils not found 
on the Salalah Plain. 

b. 	 Iron concentrations > 5.0 mg/L may cause nutritional imbalances in certain crops,
but generally not in aerated soils with high permeabilities. 
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G.6.3.3 Health and Aesthetic Aspects 

The primary technical consideration regarding the quality of the reclaimed water is the 
potential risk to public health. The key consideration regarding acceptance of reuse is often 
public perception of risk. 

The options being considered all include adequate treatment and other measures, including
multiple barriers where appropriate, to provide public health protection and avoid aesthetic 
harm. 

Nevertheless, it is necessary to bring out for consideration by decision-makers the issues 
involved. 

Wastewater and effluents have been reused for irrigation and crop fertilisation from earliest 
times. In more cases than not, it has been done improperly, that is without either adequate 
treatment of the wastewater or adequate separation of workers and irrigated vegetables from 
the pathogens in the wastewater. Under such circumstances, there is substantial health 
risk. Similarly, recreational and other methods of reuse of wastewater effluent may be 
dangerous and inappropriate without proper treatment. 

The principal wastewater components of health concern are: pathogens (bacteria, viruses, 
protozoa and helminths) and toxic and/or carcinogenic substances. Bacterial diseases, the 
agents of which are commonly found in wastewater, include bacillary dysentery, typhoid
fever, salmonellosis, cholera, gastroenteritis, yersiniosis and leptospirosis. Viral agents 
found in wastewater include those of infectious hepatitis and various gastroenteritic and 
other diseases. Protozoa found in wastewater include those that cause amoebic dysentery, 
giardiasis and balantidiasis (dysentery). Helminthic diseases caused by parasites that can 
occur in wastewater include ascariasis, hookworm, necatoriasis, strongyloidiasis,
trichuriasis, hydatids and, in Oman (given a suitable receiving water body with intermediate 
snail hosts) schistosomiasis. 

Under favourable conditions, some enteric pathogens can survive for a long time on crops 
or in water or soil. Where human contact with these is possible, or where aerosols 
resulting from spray irrigation can be inhaled, health protection therefore requires removal 
of the pathogens fiom the wastewater. 

The use of fresh sludge, even after drying and treatment with lime, poses risks of infection, 
especially by helmnths. However, composting or maturation, including aging of dried 
stacked sludge before use, allows these and other pathogens in the sludge to die off. 

For all modes of reuse that can result in ingestion or inhalation of the water, or introduction 
of any conservative contaminates into the food chain, control of toxic and carcinogenic
substances must be exercised at their sources. Limiting values are included in the Oman 
Regulations for the Drainage of Liquid Industrial Wastes. In addition qualitative and 
quantitative data on specific chemical contaminants has been summarised by the World 
Health Organization (WHO, 1973). 

G.6.4 Options Considered for Irrigation Reuse 

Irrigation is the major consumer of fresh groundwater in Salalah, estimated at 26.5 million 
cubic metres annually. 

In many countries, controlled irrigation is undertaken using partially treated wastewater,
without observable health impacts. While in such cases the consumers of irrigated foods 
could be protected by limiting the types of plants irrigated, a risk to the health of farmers, 
particularly from helminths, would exist. 
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However partial treatment is not appropriate here. Full treatment is proposed. Treatment 
facilities, including appropriate tertiary treatment, that are properly designed, constructed 
and managed, will not only meet the requirements of the Oman regulations on treatment and 
reuse, but will also provide clear, disinfected water that is safe for irrigation of any crop 
and for the farm workers. However, while it would be safe, direct use on vegetables to be 
eaten raw is not recommended. 

Potential agricultural reuse locations are: the traditional agricultural area in Salalah; Garsiz 
Farm for fodder irrigation; and an area to the east of Razat Farm for the irrigation of 
coconuts. 

The traditional agricultural area in Salalah consists of plots averaging 1.6 ha in area. They 
are located partly within and partly outside the fresh water aquifer, and use water obtained 
from dug wells (see Appendix B for details). A preliminary design of an irrigation 
distribution system for a portion of this area indicated an additional cost of about RO 2 
million compared to aquifer recharge, as a result of the extensive network of pipes and 
metered connections that would be required. In addition, seasonal storage to match crop 
water requirements to water production is best accomplished in the aquifer, rather than in 
surface storage. Socially it would be extremely difficult to persuade a small scale fanner to 
use a reclaimed water supply rather than his own fresh water well. 

The net available area at Garsiz Farm has been taken as 314 ha, after allowing for possible 
location of a treatment plant on the farm. Current planning for Salalah includes the possible 
location of housing plots on the southernmost Ill ha of the farm. If this occurs, the 
combined remaining potentially irrigable area of Garsiz Farm plus the MAF Livestock 
Research Farm would be about 330 ha. 

On Garsiz Farm, the method of application of reclaimed water would in general be the same 
as that currently in use. If necessary to improve public acceptability, barrier areas could be 
provided and high-throw sprinklers such as rain guns could be eliminated. At a net water 
consumption rate for fodder of 19,600 cubic metre per ha per year, and an efficiency of 80 
percent, the annual application of water would be 7.7 million cubic metres. 

There are two basic methods for using reclaimed water at the postulated coconut farm. 
These are surface irrigation, carrying the water in furrows to individual tree basins, and 
drip irrigation with a bubbler for each tree. On the basis of a total area of 400 ha, the net 
irrigable area is taken to be 320 ha. With a net water requirement of 18,500 cubic metres 
per ha per day, and efficiencies of 60 percent for surface irrigation and 90 percent for drip 
irrigation, the water requirements would be: 

o Surface irrigation: 9.9 million cubic metres per year 
o Drip irrigation: 6.6 million cubic metres per year 

G.7 Groundwater Recharge by Reclaimed Water 

G.7.1 General 

In Salalah, excessive withdrawals from the fresh groundwater resource are causing a net 
reduction in the stored volume and increasingly rapid encroachment by adjacent brackish 
and saline waters. Within a few years, farmers in the nearshore areas over the fresh water 
aquifer will be the first to suffer from this saline encroachment. If withdrawals continue 
unchecked, the fresh water zone will diminish until it effectively ceases to be a significant 
resource within the Masterplan period. By this time, virtually all irrigation on the plain will 
have either ceased or be using brackish water. 

A major opportunity exists to maintain fresh water supply to farmers in the agricultural
strip, and to establish a barrier against saline intrusion, by recharging the fresh water 
aquifer with reclaimed effluent. Reclamation will produce water that is effectively of 
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drinking water quality, including with respect to pathogens, even though it is not intended 
that the water be drunk. The reclaimed water would be applied by injection wells in the 
vicinity of Garsiz Farm, and along the northern inland side of the agricultural strip (see
Figures 5.7 and 5.8) 

Nutrients would be removed during the treatment process in order to avoid any impact on 
the quality of the groundwater. The site chosen is far enough downgradient from the 
Salalah wellfield that it will not be affected. The amount available to be recharged has been 
estimated to be up to approximately 40 MLd by the planning horizon. 

Groundwater recharge with reclaimed effluent has been performed, primarily in the USA,
for the purposes of: supplementing groundwater supplies; controlling declining
groundwater levels; protecting fresh groundwater from salinity intrusion; and storing
surface water (WPCF, 1989). The mcthods of water application include: surface spreading 
or percolation; direct injection; and streamflow augmentation for infiltration. 

Where there is a possibility of eventual or inadvertent use of the recharged water as a
potable water source, water reclamation for groundwater recharge may involve treatment 
beyond the secondary level. In order to provide a multiple barrier for the protection of the 
public health, reclamation facilities for recharge have been designed to provide greater
reliability than is typical of wastewater treatment plants. Health issues considered include 
the possible effects of trace metals, minerals, pathogens and organic compounds.
However, "available information on existing groundwater recharge projects has never 
shown any evidence of impaired water quality or health" (WPCF 1989). 

In fact, multiple reuse of river waters for direct human consumption occurs on all 
continents. The waters of many major rivers have been withdrawn, treated, consumed,
treated as wastewater, discharged back to the river, and withdrawn again several times over 
by the time that they reach the sea. The concept of reclamation for any type of reuse,
including potable reuse, is therefore not a radical new departure. As a groundwater
protective measure for Salalah, however, reuse for potable supply is not under 
consideration. 

The area where the recharge of and mixing with the groundwater would occur is far 
downstream from the area of withdrawal for public potable supply. The mixed 
groundwater would be abstracted by individual farmers for the irrigation of vegetables. 

The multiple treatment stages that would be provided are such that no pathogenic organisms
of wastewater origin are expected to be detectable in the re-withdrawn, mixed groundwater 
to be used by farmers. In that controls will be exercised to prevent the discharge to the 
sewerage system of oily and toxic substances, these are not expected to be found in 
significant amounts in the withdrawn mixed groundwater. 

The principal site identified for recharge to the aquifer is at Garsiz Farm, which lies in the 
centre of the narrow fresh water aquifer. The site is far enough south (downgradient) of 
the public wellfields not to affect them, aid is north (upgradient) of the intended beneficiary
agricultural users of the mixed reclaimed water and groundwater. Recharge at this location 
will beneficially retard encroachment into the aquifer of both seawater and adjacent brackish 
groundwater. 

The quantities available for recharge at the Farms location depend upon the layout of the 
overall wastewater system and also vary with time. Saturation flows (year 2020 or 
beyond) deliverable to this location are estimated to amount to from 30 to 43 megalitres per
day (11 to 16 million cubic metres per year), with year 2005 flows from 40 to 50 percent of 
these values. It is assumed that in all options the construction staging of recharge facilities 
would parallel that of the contributing reclamation plants. 
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Three options for aquifer recharge have been considered: 
1. application of reclaimed water onto grassed plots; 
2. application onto open infiltration beds; and 
3. injection wells into the fresh water aquifer. 

G.7.2 Recharge onto Grassed Plots 

Recharge onto grassed plots has been considered as a recharge method for tertiary treated 
and disinfected effluent. The effluent would be applied to topsoil, on which a vegetative 
cover would be maintained and through which it would pass, receiving additional natural 
treatment in doing so, before mixing with the groundwater. 

On the basis of preliminary infiltration tests results, the ultimate area requirement is 
tentatively taken to 60 ha. 

Even with complete reclamation for removal of pathogens (among other components) prior 
to recharge, application of the water to a grassed surface would achieve the benefit of 
additional natural treatment during passage through the grassed topsoil. The grass
(preferably rhodes grass as grown at present on this site) could be reaped as an additional 
benefit to the recharge scheme, but environmental concerns might dictated that the cuttings 
be discarded. 

The application rate may be as high as 17 millimetres per hour, compared with the fodder 
irrigation application rate now in use of 1.25 millimetres per hour. Overhead irrigation 
systems are easily capable of providing 20 millimetres per hour and more. Rest periods of 
several days would be allowed between applications. 

The proposed method of application is by linear move or roll move applicators that would 
apply water within a few centimetres of the ground surface as illustrated by Figure G.5. 
The possible perception of a health risk due to inhalation of aerosol sprays is the key reason 
for the avoidance of sprinklers for this use, even though the reclaimed water is expected 
under normal plant operating conditions to be pathogen-free. 

G.7.3 Infiltration Beds and Injection Wells 

Recharge by injection wells or infiltration beds would be less costly and more reliable than 
recharge onto grassed plots. Injection wells would also eliminate the need for large land 
areas, required for either grassed plots or infiltration beds. This is particularly important
for recharge in the vicinity of Garsiz Farm, where various proposals have been made for 
use of the land if the farm is relocated. Such proposals include housing developments and 
public parkland. Infiltration beds would require significant amounts of land (about 60 ha), 
but would provide a system that is easy to operate and maintain even if soil clogging or 
other problems should arise. Infiltration beds have proved more successful elsewhere than 
the option of applying effluent to grassed plots and topsoil. Details on the options of well 
injection and infiltration beds are presented elsewhere (Chapter 5), based on the soil 
sampling and field tests described in Appendix N. Conceptual design details are included 
in Appendix I. 

G.8 Options for Water Based Recreation 

There is an unmet demand for recreational amenities in Salalah which would require water 
for their establishment and maintenance. The types of amenities envisaged include grassed 
areas which could support various speciality sports (such as a golf course) or amusement 
sections, and a small lake for ornamental fish, boating or other non-direct-contact uses. 
The open land near the Wadi Daha site is considered suitable for recreational facilities. 
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There are numerous examples of the successful use of reclaimed water for recreational usein the Middle East and the United States. These schemes have mainly been initiated in arid 
areas because of the high value of water in such areas. 

There are numerous examples of the successful use of treated effluent for recreational use.Examples are in California, Texas, Arizona and Florida. These projects have mainly beeninitiated in arid areas because of the high value of water in such areas, but in some casesreflect difficulty in finding economically viable land disposal sites for effluent other than atrecreational areas. Reported (WPCF 1989) categories of recreational water impoundments
using reclaimed effluent for recreational purposes in the USA include: 

o 	 Recreational lakes for swimming and/or water skiing; 

o 	 Recreational lakes for fishing and boating; 

o 	 Flow augmentation in natural streams; 

o 	 Wildlife habitats and wetlands; and 

0 	 Aesthetic settings, such as lakes without public access in parks or developments,
and water hazards on golf courses. 

The level of treatment before impoundment depends on the type of use to be made of thewater and on the particular regulatory authority. Examples given by the Water Pollution
Control Federation in its Manual of Practice on Water Reuse (WPCF 1989) include: 

o No direct contact (e.g. aesthetic backdrops or wildlife habitats) - reduction of BOD,
SS, nutrients and ammonia, and pathogen reduction through stabilisation in ponds
or by disinfection; for golf course impoundments, the nutrients may be beneficial 
and often need not be removed; 

o 	 Secondary contact (e.g. boating or fishing) - reduction of BOD, SS, nutrients
(particularly phosphorus, to inhibit algae growth) and ammonia, plus disinfection to
achieve a coliform MPN level that varies according to the regulatory body and the
circumstances in the range of 23 - 50,000/100 mL; and 

" 	 Primary contact (e.g.swimming and water skiing) - reduction of BOD and SS

(generall) 
 to less than 20 mg/L each), and of nutrients (particularly phosphorus)
and ammonia; additional requirements depend on the regulatory authority and varyfrom disinfection to reduce coliforms to 200/100 mL to a combination of tertiarytreatment and disinfection to eliminate viruses and reduce coliforms to 2.2/100 mL. 

For Salalah, the potential recreational use that has been considered is an ornamental fish
pond and/or a boating lake, not intended for primary water contact by humans. Thereclaimed water to be provided would conform with the quality requirements of the Oman
Wastewater Reuse and Discharge Regulations, and in addition would have phosphorusremoved in order to prevent algae blonms in the ponds, and be dechlorinated and
reoxygenated to protect the fish.
 
In view of the availability of brackish groundwater to supply a lake or pond, the high cost
 
of polishing tertiary effluent to remove phosphorus appears not to be justified. 

G.9 Amenity Area Irrigation 

Amenity areas, including both grass and shrubs, are irrigated with groundwater alongside
highways in many parts of Salalah, particularly Robat Road. The water source for this isultimately the fresh water aquifer. Apart from their general visible aesthetic value, these areas very clearly have a public amenity value. Every evening, many people gather on 
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these amenity areas. Informal evening surveys in May 1991 have shown from 90 to 120 
cars parked along the 2 km length of Robat Road from the airport entrance to the 
Governor's office, with an average of about 300 persons sitting on the grassed areas. The 
few other grassed areas, namely the public park, as well as the beaches also draw residents 
on a regular basis. It is estimated that about 900-1000 people use these amenities on a daily
basis. There is also good potential for tourists to use these areas. 

On the presumption that amenity irrigation is an economically viable use of water in 
Salalah, three candidate schemes for the use of reclaimed water for amenity area irrigation
have been postulated. These consist of roadside amenity plantings, including both grass
and shrubs, in Raysut, and a public park with grass and shrubs at Wadi Daha. 

While an amenity or boating lake would possibly be a valuable component of the park, it 
has been assumed that it would be supplied with brackish groundwater rather than 
reclaimed water, because of the considerably lower cost. If reclaimed water were to be 
provided for recreational ponds or a lake, it would have to conform with the quality
requirements of the Oman Wastewater Reuse and Discharge Regulations. In addition, it
would have phosphorus removed in order to prevent algal blooms in the ponds, and be 
dechlorinated and reoxygenated to protect any fish. 

The regulations permit drip irrigation of shrubs with treated effluent but require Ministry of 
Environment approval of any effluent reuse for flood, hosepipe, sprinkler sprayor 
irrigation. The winning of such approval cannot be assured. On the other hand, provision
of effluent for irrigation of shrubs would not be economically worthwhile if considerably
greater volumes of potable water were being used at the same time to irrigate the 
accompanying amenity grass. Irrigation from a piped system is the assumed method of 
application for such reuse, with provision for early morning application only, so that 
several hours of exposure to the sun is achieved prior to any recreational use of the grass.
Because of likely delay in obtaining approval for such use of reclaimed water, it is 
proposed that parallel disposal facilities be included. 

The postulated areas and irrigation flows, and the estimated costs at full development, are 
shown in Table G.6. 

TABLE G.6 Summary of Costs for Amenity Area Irrigation 

Scheme Area Constr Operation 
Description (ha) (RO m) (MRO/yr) 

Amenity at Raysut 50 0.63 0.006 
Park at Wadi Daha 280 2.74 0.042 
Park at Wadi Daha 50 0.63 0.006 

G.10 Land Application of Sludge 

Land application of wastewater sludge has been practised in many countries for many 
years. It is commonly applied to agricultural, forested or disturbed land, or to areas which 
are being developed for future agricultural or recreational use. Sludge acts as a soil 
conditioner and also provides nutrients. While it may take time for actual use of sludge to 
develop, measures should be taken to ensure that wastewater sludge in Salalah is suitable 
for agricultural use. 

The required measures include: treatment or storage (for example by stacking of dried 
sludge) to provide for die-off of pathogens; and exclusion from the collected wastewater of 
trace metals and certain harmful organic substances of industrial origin (such as cadmium 
and PCBs). Actual application to land is not proposed within the Masterplan programme. 
Provision for such application by others is. 
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G.11 Disposal of Treated Effluent 

G.11.1 Introduction 

In Oman, all wastewater must be treated to a high degree before disposal or reuse. This is 
required under the regulations governing land disposal and reuse, and also those governing 
marine disposal. Once collected and treated, wastewater can be disposed of or reused. 
Under the conditions in Salalah, consideration of costs and economic benefits favour reuse, 
especially aquifer recharge, rather than disposal. However, it is necessary to have a place 
to discharge treated cffluent at times when, for any reason, it cannot be accepted for 
recharge or other reuse. 

G.11.2 Land Disposal 

Land disposal is taken to mean wastewater discharge to areas outside the fresh water 
aquifer, on the basis that discharge within the fresh water zone constitutes groundwater 
recharge for reuse. 

Land disposal possibilities include discharge to generally flat or sloping land, to wadi 
channels or to unusable aquifers. Potential disposal opportunities considered include the 
following locations: 

o Behind the coastal highway at Wadi Daha; 

o In foredune areas at Arzat and Wadi Daha; 

o Wadi Qaftawt, near the treatment plant currently nearing completion; 

o Wadi Adawnib, to the west of the port of Raysut; and 

o Deep aquifers at Sha'a and Wadi Daha. 

Land application systems considered include infiltration basins, subsurface percolation and 
deep well injection. 

G.11.3 Infiltration Basins 

Application of effluent by infiltration basins is appropriate for areas where the existing
alluvium can accept liquid at the design rates, and distribute it to wadis or aquifers that can 
transmit it into the sea, without creating seepage areas near the surface, entering potable
aquifers or affecting protected water bodies such as khors. In the areas considered, this 
appears to be feasible for large flows only on the terraces behind Wadi Daha. The studies 
on which this conclusion is based are in Appendix N. 

The actual feasibility of this method nceds to be proven by a pre-design programme of field 

investigations. 

G.11.4 Disposal by Subsurface Percolation 

The possibility of effluent disposal by subsurface percolation in foredune areas was 
evaluated. For flows in the range of 20 - 40 MLd it has been concluded that there is 
insufficient hydraulic head available to accomplish this, and that any attempt to achieve 
maximum rates would cause seepage above the water line on the beach (see Chapter 5 and 
Appendix N). 

At Wadi Qaftawt, where limestone bedrock is exposed in the wadi bottom below the 
proposed disposal area, percolation into the adjoining alluvium (close to the treatment plant
site) has been considered as a means of providing a degree of polishing of effluent from the 
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Wadi Qaftawt stabilisation pond plant. This would need to be supplemented by creation of 
a channel in the exposed bedrock in the wadi to prevent ponding under dry-weather
conditions. An alternative to be considered is to cover the exposed bedrock in the channel 
with co--rse material, to prevent access to the effluent by camels or people. 

Wadi Adawnib passes through coarse alluvium from the proposed effluent disposal site to 
its khor at the Raysut Harbour. This khor has no sandbar and is directly connected to the
harbour. Percolation into the alluvium beside the wadi has been considered as the most
acceptable means of discharging the liquid into the coarse materials in the wadi bed. 

G.11.5 Marine Disposal 

Marine disposal with low levels of treatment is commonly practised in coastal cities because
of the low cost, as compared with combined high levels of treatment and land disposal,
especially where the marine conditions are conducive to this and where the wastewater is
relatively free of toxic substances that would otherwise enter the food chain. Where these 
conditions are met, marine disposal has been practised for a number of years with no 
significant health or amenity impact. 

In the USA, secondary treatment is now generally required before marine disposal through 
new outfalls. In Boston, a 1,730 MLd system of secondary treatment and ocean disposal
is now under construction. In Los Angeles, where disposal of primary effluent through
long outfalls has been practised for many years, secondary treatment of 2,130 MLd has 
been added. 

In Oman, the disposal of effluent to the sea requires conformance with the Regulations
Concerning the Disposal of Liquid Effluents to the Marine Environment issued by the
Council for Conservation of Environment and Water Resources in 1984. Key features of 
these regulations include: 

o 	 Effluent biochemical oxygen demand (BOD) and suspended solids (SS) not 
exceeding 30 mg/L, faecal coliform not exceeding 100 MPN/100 mL in 80% of the 
samples, and other quality criteria 

o 	 Effluent to be free of pesticides, herbicides and insecticides 

" 	 Discharge not to create:
 
- Visible particulates, grease or oil
 
- Visible evidence of disposal on beaches,
 

rocks or structures
 
- Degradation of benthic (bottom) life
 
- Deterioration of quality of marine resources
 
- Depression of dissolved oxygen (DO) by more
 

than 10 percent
 
- Receiving water salinity decrease by more than 2
 

parts per thousand
 

o 	 The need for extensive oceanographic and biological studies, which may be 
required to extend over a 13-month period, before marine discharge will be 
approved by means of a Consent to Discharge 

There is no known heavy polluting industry in Salalah. However, motor vehicle service 
stations are discharging oily wastes and establishments selling or using pesticides,
herbicides, solvents, and fabrication chemicals are disposing of certain amounts of these
harmful substances. If such materials are kept out of the sewerage system, conventional 
secondary treatment, designed primarily to reduce the BOD and SS, with chlorination if 
necessary, would be adequate to prepare the wastewater for marine disposal through a 
properly designed and constructed system of outfalls and diffusers. 
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The key issue will be the availability of land disposal alternatives. The nature and 
predictability of the marine conditions also need to be evaluated in establishing the design 
criteria for any outfalls. The available bathymetric and oceanographic information 
regarding the sea off Salalah is very limited. The sea bottom is understood to be generally
sandy but with limestone outcrops. It is known from UK Admiralty Charts that the bottom 
gradient off Khor Dhariz is approximately as follows: 

Depth, m 5.0 10.0 15.0 20.0 30.0 40.0 

Distance, km 0.5 1.5 3.0 4.0 6.0 9.0 

Farther east, the bottom gradient is steeper, enabling a 20 m depth to be reached only 3 km 
from shore at a point 10 km east of Khor Dhariz. 

If an outfall were to be proposed, it would be necessary to conduct detailed and extensive 
oceanographic investigations. The following discussion is presented as a basis for 
preliminary evaluation only. 

While disposal of wastewater south of the rocky headland west of Raysut (Ra's Hamar) 
may afford effective dispersion closer to shore than disposal off the plain, it would entail 
very expensive construction. It is therefore assumed that any marine outfall would be 
located to the east of Salalah in a location selected for convenience of assembly of the 
necessary piping and equipment. 

Outfalls have very high economy of scale. They tend to be relatively less expensive for 
larger than for smaller cities. On a preliminary basis, it is estimated that satisfactory 
disposal of 40 MLd of chlorinated secondary effluent off Salalah would require an outfall 
about 3,000 m long, discharging through a 50 m long diffuser in water about 15 m deep.
On an order of magnitude basis only, such an outfall is likely to have a construction cost of 
about RO 2.5 million under favourable conditions; that is, if the bottom is sandy, so 
permitting jetting of a trench in which to lay the pipe. If the bottom is rocky, the cost 
would be much greater. The additional studies needed for such disposal may show that an 
even longer outfall is needed. In addition, the specific criteria to be met for fishery and 
nearshore bathing water protection would need to be agreed upon with the Ministry of 
Environment, which is not bound to approve any criteria or design. 

However, for the occasional or partial disposal of effluent treated to a level that is suitable 
for aquifer recharge, a much shorter outfall would be required, especially if it were located 
east of Salalah. The bottom gradient is steeper there and the littoral current "shadow" of 
Ras Hamar is avoided. Since the discharged liquid would effectively be fresh water, the 
criteria for design may primarily be concerned with protection of the outfall against storm 
and surf damage and against blockage of the ports with sand when it is not in use. Also to 
be considered is the possible use of the outfall as a temporary bypass during any treatment 
plant upsets, instead of providing bypass storage at the plant. This would increase the 
outfall length. 

G.12 Treatment Processes 

G.12.1 General Effectiveness of Treatment 

Well-proven wastewater treatment processes exist that can create effluent of almost any 
desired quality. 

Conventional primary plus biological wastewater treatment processes are designed
primarily to reduce the BOD and SS of the wastewater. They also reduce the quantities of 
biological organisms but do not eliminate them. Activated sludge treatment typically 
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removes over 90 percent of the bacteria and 80-90 percent of the viruses, but few of the 
cysts or eggs present. 

Tertiary treatment by chemical coagulation, sedimentation and filtration, in addition to 
removing nutrients and turbidity, can remove 99.5 percent of seeded virus (Sanitation
Districts of Los Angeles County, 1977, quoted by Crook in Pettygrove and Asano, 1977). 
Other work suggests that clarification is not needed between coagulation and filtration in 
order to achieve high removals of pathogens. The removal of turbidity by such treatment 
enhances the effectiveness of chlorination. Filtration also removes the larger parasites that 
would be resistant to chlorination. 

The key disinfection process is chlorination which, taken together with biological 
treatment, removes in excess of 99 percent of bacteria (Shuval, 1990). When preceded by 
biological treatment, coagulation and filtration, chlorination is even more effective. 
Extended storage also yields substantial pathogen reductions. Storage in stabilisation 
ponds having 4-5 cells for 20-25 days at 20'-C or more reduces coliforms by 99 to 99.9 
percent, and removes helminths completely (Shuval, 1990). 

Ozonation is an effective disinfection process when applied to water that is effectively 
turbidity free. Ozone is a very effective viucide ( ,etcalf& Eddy, !nc., 1991). 

G.12.2 Oman Regulations 

In relation to the reuse and disposal of wastewater (except to the marine environment), the 
requirements of the Regulations for Wastewater Reuse and Discharge (Ministerial Decision 
5/86 dated 17 May 1986) include: 

Compliance of treated effluent with the following limits with respect to key non
conservative parameters (i.e. characteristics that are susceptible to wastewater 
treatment by physical, chemical and biological means): 

Parameter Maximum Monthly 
(mg/L) Av Limit 

(mg/L) 

BOD 15 10 
Ammonia (as N) 5 1 
Total Nitrogen 50 30 
Organic Nitrogen 10 5 
(Kjeldahl) 
Phosphorus (as P) 30 20 
Dissolved Oxygen (min) 2.0 2.0 
Chemical Oxygen Demand 100 50 
Chlorine, free residual after 60 min 0.5 0.5 
contact time (min) 
pH (pH units) 6-9 6-9 
Sulphide 0.1 0.05 
Total Organic Carbon 50 20 
Total SS 15 10 
Turbidity (NTU) 5 2 
Oil and Grease 5 2 
Coliforms (total/100 rnL) 23 2.2 (last 7 days)
Viable Pathogenic Ova and Cysts None None
 

detectable detectable
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o Compliance with additional effluent quality requirements that have the effect of 
limiting toxic, deleterious and other materials that can be admitted to the sewerage 
system. These are: 

Parameter Maximum Monthly
 
(mg/L) Av Limit
 

(mg/L)
 

Aluminium 5 1
 
Arsenic 0.2 0.05
 
Barium 2 1
 
Beryllium 0.3 0.1
 
Boron 2 1
 
Cadmium 0.03 0.01
 
Chloride 350 250
 
Chromium 0.5 0.1
 
Cobalt 0.5 0.1
 
Copper 0.3 0.2
 
Cyanide 0.1 0.05
 
Fluoride 2 1
 
Iron 5 1
 
Lead 0.5 0.1
 
Lithium 10 2.5
 
Magnesium 150 30
 
Mercury 0.005 0.001
 
Molybdenum 0.05 0.01
 
Nickel 0.5 0.2
 
Phenols 1 0.1
 
Selenium 0.05 0.02
 
Sodium 200 70
 
Sulphate 400 200
 
Vanadium 1 0.1
 
Zinc 5 2
 

G.12.3 Treatment Processes Considered and Retained 

To meet the regulations, all disposal and reuse systems would require biological treatment 
(including nitrogen removal) followed by coagulation, filtration and disinfection. 
However, lower treatment levels, while not meeting the regulatory requirements, would in 
some cases be adequate to prctect both public health and the environment. A display of 
functional treatment needs is presented as Figure G.2. 

At Wadi Qaftawt, where surface application of wastewater within a controlled site might be 
considered, a lower degree of treatment may be adequate. The minimum level of treatment 
is that which would prevent clogging of the alluvial soil and provide some removal of 
pathogens for the protection of plant workers. Secondary treatment plus chlorination 
would achieve this. Further treatment would be provided by percolation through the soil to 
prevent helminth spores and ova from reaching the wadi bed. 

At Wadi Daha, with subsurface application, better treatment would be required to remove 
organic matter and solids that could contribute to clogging of the percolation system. This 
will require improved BOD and SS removal through secondary treatment followed by
coagulation, filtration and chlorination. 

For all reuse applications at least secondary treatment with effluent coagulation and 
filtration, plus chlorination, should be provided. For fodder irrigation, coagulation and 
filtration would not be needed. 
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Treatment needed to protect the environment and users of reclaimed water 
As required by 0 Less removal than O Possibly more removal 

Oman regulations Oman Regulations 0 than Oman Regulations 

BOD SS Pathogens Nitrogen Phosphorus Other 
DISPOSAL (No public contact) Provisions 

Wadi Adawnib 00 0 
Wadi Qaftawt @ 9 

Wadi Daha 

Arzat 0 @ 

REUSE 
Aquifer recharge W W Mixing with fresh water 

Tree irrigation 0 0 0 Limited worker contact 

Fodder irrigation W I 9 0 0 No aerosols, barrier zones 

Amenity irrigation 0 0 0 0 No aerosols, sun drying 

Recreational pond 4 0 0 0 0 

Figure G.2 Functional Treatment Needs 



For groundwater recharge, removal of nitrogen would be advisable in order to protect any 
persons who may drink groundwater taken from wells below the point of recharge (even
though this is not an intended use of the water). Depending on the loading rate in relation 
to the uptake capacity of the cover vegetation on the recharge area, partial phosphorus
removal may be needed. Some agricultural uses might also necessitate the removal of 
nitrogen. 

Based on these general treatment requirements, the processes retained for detailed 
comparisons were as follows: 

o Preliminary Treatment 

Screening and grit removal process comprise the preliminary treatment process.
Preliminary treatment is common to all alternative schemes. These processes 
remove material from the wastewater which is harmful to subsequent process
equipment. 

A screen is a device with openings, generally of uniform size, that is used to retain 
and remove the coarse solids found in wastewater. The second complementary unit 
operation following screening is grit removal. Grit chambers are designed to 
remove grit, consisting of sand, gravel, cinders, egg shells, coffee grounds, and 
similar materials. Preliminary treatment removes the material in wastewater that is 
harmful to pumps, scrapers and other mechanical equipment. 

o Primary Sedimentation 

Primary sedimentation is common to all alternative "in-vessel" schemes with the 
exception of extended aeration. Primary sedimentation provides the advantage of 
substantially reducing the biological and suspended solids loading on subsequent 
treatment units. 

The objective of primary sedimentation is to remove readily settleable organic solids 
and floating oil and grease materials and thus reduce the load on the subsequent 
biological treatment units. 

o Biological Processes 

The relevant biological processare are as follows: 

- Conventional single stage activated sludge 

This process is a suspended growth system used for BOD and suspended
solids removal. Settled wastewater and recycled activated sludge enter the 
head end of the aeration tank and are mixed by diffused-air or mechanical 
aeration. During the aeration period, adsorption, flocculation, and oxidation 
of organic matter occurs. Activated-sludge solids are separated in a 
secondary settling tank. 

- Combined aerobic and anoxic process 

This process obtains BOD removal, nitrification, and denitrification in one 
stage of tankage. 

A modification of the activated sludge process, this process is also a 
suspended-growth system with settling and recycle of activated sludge.
Denitrification is achieved in an anoxic zone ahead of aeration, to which 
mixed liquor from the aeration tank is recycled. (An anaerobic zone can 
also be added to provide biological phosphorus removal). 
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Extended aeration 

This process is similar to conventional activated sludge, but without primary
sedimentation and with long aeration time. It is best suited for small 
wastewater flows. It can be modified to provide denitrification and 
biological phosphorus removal. 

Aerated Pond Process 

Advantages of this process are its ability to reduce BOD, provide
nitrification and reduce sludge volume by internal digestion. Disadvantages 
are the vast land area requirements, and large electrical power demand. 

-	 (Un-Aerated) Anaerobic, Facultative, Maturation Ponds 

This process has the advantage of very low electrical power demand. Its 
disadvantages are: enormous land area requirements; process control 
difficulties caused by wind and temperature changes; and reduced levels of 
effluent qua!ity. 

This process comprises anerobic ponds for carbonaceous BOD removal 
(waste stabilisation) followed by facultative ponds again for BOD removal 
and finally maturation (tertiary) ponds for nitrification. Sludge digestion 
occurs at the bottom of the ponds, where the sludge is stored for a year or 
more. 

o 	 Final Coagulation 

Chemical coagulation prior to filtration enhances removal of suspended solids and 
BOD. Coagulation chemicals could be polymer or alum. 

o 	 Tertiary Filtration 

Tertiary filtration is common to all alternative schemes. Tertiary filtration provides 
removal of fine suspended solids, helminth cysts and ova. 

o 	 Chlorination Disinfection 

Chlorine disinfection is common to all alternative schemes. Chlorine disinfection 
destroys disease-causing organisms and produces a low-level chlorine residual to 
ensure complete protection. 

On the above bases, the treatment process sequences, or "trains," that were adopted for 
making subsequent detailed comparisons are: 

Train I - Conventional activated sludge with chlorination 

Train 2 - Conventional activated sludge with coagulation, filtration and chlorination 

Train 3 - Activated sludge with nitrification and recycling to an anoxic zone for 
denitrification, followed by coagulation, filtration and chlorination 

Train 4 - Oxidation ditch including extended aeration, followed by coagulation, 
filtration and chlorination 

Train 5 - Aerated lagoons 
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Train 6 - Un-aerated lagoons 

Table G.7 summarises these trains. Train 3 provides the best treatment and consists of
 
headworks/flow measurement, screenings removal and grit removal, primary treatment,

activated sludge treatment with nitrogen removal, coagulation and filtration, and
 
chlorination. It will meet all Oman regulatory requirements, and is used at several
 
successful reuse projects. Notable large-scale experience with this treatment train is at
 
Whittier Narrows in Los Angeles County in the United States. There, effluent from three
 
wastewater treatment plants, each with a larger capacity than the wastewater projected to be
 
produced in Salalah, is used to recharge groundwater by surface application. Tile
 
groundwater is extracted for potable purposes. Groundwater has been recharged at
 
Whittier Narrows for about 30 years.
 

G.12.4 Treatment Processes Considered and Rejected 

Other processes that were considered but were rejected from further evaluation were: 

0 	 Trickling filters with Humus Tanks: Trickling filters are simpler to operate than
 
activated sludge systems, but the effluent is not as good unless an aeration tank
 
(with recycled sludge) is added between the trickling filters and settling tanks.
 
They are prone to odour and fly problems, especially in hot climates. To overcome
 
these problems, trickling filters must be covered and provided with odour control. 
Trickling filters do not provide denitrification, which is required for Salalah, and 
cannot be modified to provide biological phosphorus removal. 

0 	 Rotating Biological Contactors: Rotating biological contactors are simple to 
operate. However, their disadvantages include (1) limited operability in the 
nitrification/denitrification modes; (2) poorer removals than activated sludge 
systems; and (3) inability to be modified to provide biological nutrient removal. 

o 	 Sequencing Batch Reactor (SBR): This process is a suspended growth system in a 
fill-and-draw type reactor system in which all steps of the activated-sludge process 
occur. Mixed liquor remains in the reactor during all cycles, thereby eliminating
the need for separate secondary sedimentation tanks. It is capable of BOD removal,
nitrogen reduction and phosphorus removal, and is applicable only to small capacity
plants, rather than for municipal scale facilities. 

G.12.5 Generalised Costs of Treatment 

For each treatment train to be considered in evaluating alternative schemes, costs were 
expressed in the following forms: 

C = a.Qb
 
where:
 

C is the construction cost in RO million, and
 
Q is the plant capacity in MLd
 

and 	 c =o.q + m.C 
where: 

c is the operation and maintenance cost in RO 
million/yr, 
o is a cost per unit volume in RO/cu m, and 
m is a percentage of C (or, in Stage 2, of C1 

plus C2, where CI and C2 are first and 
second stage construction costs. 
respectively) 
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TABLE G.7 Options for Wastewater Treatment 

Process 
1 2 

Flow measurement X X 

Train 

X 

4 

X X X 

Bar screens X X X X X X 

Grit removal X X X X 

Primary sedimentation X X X 

Nitrogen removal X 

Activated sludge X X x x 

Coagulation x X X 

Filtration Xx X 

Aerated lagoons X 

Un-aerated lagoons 

Chlorination X X X X X X 
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For a range of plant capacities from 1.0 to 38 MLd, capital and operating costs were 
estimated for 26 treatment plant in-vessel unit processes and components. The sources of 
data. were: US Environmental Protection Agency Data Sheets (EPA 1979); a study on 
treatment plant costs done by CDM for the Pennsylvania Department of Environmental 
Resources (CDM 1972); recent cost estimates prepared by CDM for activated sludge plants
in the USA; unit by unit bid costs for the Muttrah treatment plant; -Id the priced bill of 
quantities for the Wadi Qaftawt treatment plant nearing completion in Salalah. Using the 
unit process and component costs, a spreadsheet model was prepared by which combined 
costs could be assembled to represen any relevant in-vessel treatment train. 

The Muttrah plant costs were brought up to date from 1985 to their 1991 equivalent by
adding 50 percent to the mechanical equipment costs and five percent to the electrical costs. 
The Gverall costs of the treatment train representing the Muttrah plant, with minor 
adjustments to represent differences in monitoring, control and general site works, were 
then adjusted proportionally to calibrate the model to yield the actual updated cost for that 
plant. The proportional adjustment was expressed in terms of the Engineering News 
Record Construction Cost Index (ENR CCI). The EPA 1976 cost data sheets were mostly
prepared at an ENR CCI value of 2475. The current USA 20 cities average value is 
approxinately 4800. The value calculated by the Project Team for treatment plants in 
Oman is 4200. 

For each in-vessel treatment train to be evaluated, the construction and operating costs were 
identified using the spreadsheet model for the four capacities 1.5, 3.8, 15 and 38 MLd. 
Values of a, b, o and m in the above formulas were established to give the best 
correspondence with the spreadsheet values for those capacities. 

For lagoon treatment, site-specific plant layouts and cost estimates were prepared at 
capacities of 3.8 and 43 MLd. The construction cost estimates were based on the actual 
unit contract costs of the Wadi Qaftawt plant, with adjustments to represent lining of all 
lagoons and some rock blasting according to actual experience with the existing plant.
Operation and maintenance costs were estimated from power, labor and other estimates. 
The values of a, b, o and in were calculated from the costs for the two capacities. 

The resulting cost parameters for in-vessel and lagoon treatment are as follows: 

Treatment Traiji a b o m 

Train 1 (act. sludge, chlor) 0.85 0.66 0.0033 8.0 
Train 2 (ditto plus coap'n, flit) 0.98 0.66 0.0039 8.5 
Train 3 (ditto with nitr./denitr.) 
Train 4 (oxid'n ditch, flit., chi.) 
Train 5 (aerated lagoons, chlor.) 

1.18* 
0.85 
0.625 

0.66 
0.59 
0.70 

0.0046 
0.016 
0.025 

7.5 
12.0 
10.0 

Train 6 (3-stage lagoons, chlor.) 0.94 0.70 - 5.0 
(* For odor control, including covering of all units, a = 1.28.) 

Equivalent cost parameters for other in-vessel process trains were also calculated in the 
same way and used in making least-cost process comparisons. 

G.12.6 Wastes from Industrial Areas and Service Stations 

Besides domestic and commercial areas, sources of wastewater will include industrial 
areas and service stations. 

Wastewater flows from the industrial areas are low. The New Industrial Area does not yet
have public water supplied, and the Raysut Industrial Area is largely undeveloped.
Together, their wastewater generation is estimated to be about 0.14 megalitres per day. 
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Flows from these areas are cxpected to increase rapidly, however. By 2020, the flow of 
industrial waste from the two areas will reach about 4.70 megalitres per day. 

These wastes are mostly of domestic type, with only a small fraction arising from industrial 
operations. Nevertheless, to insure that wastewater from the remainder of Salalah will be 
safe for reuse, wastewater from the industrial area should be treated separately. If 
wastewater from most of Salalah is treated at a facility other than the existing lagoons, then 
the lagoons will be available for treatment of industrial area flows. As industrial flows 
increase, then the lagoon system will have to be expanded or supplemented. The effluent, 
if filtered and chlorinated, could be used for amenity irrigation west of Salalah (outside the 
fresh water aquifer zone and away from agricultural areas). 

Wastes from the service stations pose a greater problem. At service stations, cars are 
washed and lubricated, their oil is changed, and their engines and undercarriages are oiled. 
Diesel oil is sprayed to clean the engines, and used crankcase oil is applied to prevent 
corrosion. Typically, wastes (including used crankcase oil, water from washing, detergent 
and miscellaneous sprays) drain on the ground surface, and flow into ditches and into a 
holding tank. Crankcase oil is not collected for reuse, except as needed to oil engines and 
undercarriages. Once or twice a day, tanker trucks draw wastewater f2or the holding 
tanks and haul the contents to the Wadi Sahalnawt site. This dumping is to be transferred 
to the new Wadi Qaftawt treatment plant. 

Wastes from service stations might account for up to two-thirds of the BOD dumped into 
the ponds at Wadi Sahalhawt. In addition, the method of operation, with wastes flowing on 
the ground and in drains, and with storage of wastes in tanks threatens the groundwater in 
the area of the service stations. Therefore, the method of operation at service stations needs 
to be modified. First, waste crankcase oil needs to be collected in drums, and not allowed 
to drain into holding tanks. Second, wvstes from the cleaning engines also have to be 
collected, so that the wastes will not reach the wastewater plant. Third, car washing with 
detergents needs to be conducted in a separate area, so that only the car-washing wastes, 
and no others reach the wastewater treatment plant. 

Beyond changing the method of operation at service stations, a programme needs to be 
developed to safeguard thc fresh-water aquifer over which the service stations lie. Some 
wastes have certainly infiltrated the ground from surface drains, holding tanks, and spills. 
These wastes are at least threatening the aquifer and have probably already damaged at least 
part of the water resource. 

The problem needs to be assessed to determine its extent and to formulate action required 
to prevent further damage and remove existing contamination. The assessment programme 
should include evaluation of the practices at the service stations, sampling and analysis of 
soils and of ground water to determine the extent of contamination, and geophysical 
surveys to provide physical and chemical information about the site. The assessment 
programme should develop and evaluate alternatives, and recommend a course of action to 
prevent further contamination and to remedy the problem. 

G.12.7 Odour Control 

Prevention of odour nuisances is an important part of planning, design, construction, and 
operation of wastewater facilities such as pumping stations and treatment plants. Steps in 
controlling odours include prevention, containment, collection, treatment, and dispersal. 

Odour generation can be decreased by good design and operation to avoid septic 
conditions. Operational factors include good housekeeping and addition of chemicals such 
as ferrous chloride to wastewater and sludge. 

Odourous areas, such as headworks and primary clarifiers, can be enclosed and vented to 
odour-treatment facilities. Odour treatment facilities can include wet scrubbing in packed 
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towers or mist chambers, adsorption on activated carbon, combustion, or application to soil
filters. Treatment of odours can also be obtained by using air vented from odorous areas as 
process air in activated sludge. 

Depending on the location of the wastewater facility, dispersion to further safeguard against
odour complaints might be advisable. Dispersion can be improved by using stacks to 
release the vented air at greater heights. 

The locations where specific odour control provisions are assumed to be required are: (a)
any treatment plant to be located at the Garsiz Farm ("Farms") site, and (b) any large pump
stations that are designed on a wet well/dry well bsis and are to be located in sensitive 
areas. 

G.13 Sludge Management 

G.13.1 Options Available 

As in the options for treated effluent, options for the disposition ef sludge include reuse
ind disposal. Disposal options lead to landfilling of sludge in a stabilised form, such as
dewatered sludge cake or incinerator ash. Reuse options for sludge include application to
land as a liquid or cake, or as a product obtained by drying, composting, or stabilisation 
with lime kiln dust. 

Of these options, incineration and mechanical heat-drying can be dismissed without
detailed examination. While they are economically appropriate applications for large cities,
they are inappropriate for smaller ci~ies like Salalah, partly because of loss of economy of
scale. They are difficult to operate. In addition, for small installations, sludge production
is too low to allow for continuous operation of equipment. With intermittent operation, the 
furnace equipment is subjected to thermal stresses, as operating temperatures rise and fall
with sludge load. The thermal stresses can lead to spalling of refractory material in 
incinerators and cracking of other materials. 

Landfilling can be with sludge alone or with sludge added to a solid-waste landfill. In
either case, the sludge has to be dewatered. As with disposal of treated effluent, landfilling
of sludge represents the loss of a potential resource. 

Sludge as a liquid, cake, dried sludge, or compost is used to reclaim desert land and to
fertilize crops in many locations throughout the world. To protect the public health and to
avoid environmental nuisances, the sludge should be processed to achieve stabilisation and
reduction in pathogens. The pathogen reduction required depends on the purpose of sludge
application. For example, for application to land where crops intended for direct human 
consumption will be grown, the sludge should be composted (at prescribed time and 
temperature conditions), heat dried, heat conditioned, or aerobically digested at 
thermophilic temperatures. 

The sludge could also meet stringent requirement for pathogen destruction by stabilisation 
of sludge cake with cement kiln dust. The use of cement kiln dust to stabilize sludge is
becoming common in the United States. Waste dust from the Raysut cement factory could 
be used for this purpose. 

Stabilisation to a lower degree which is achieved by aerobic or anaerobic digestion, air
drying, or lime stabilisation, is sufficient with adequate safeguards. With these levels of 
treatment, public access should be controlled for at least twelve months, grazing by animals
whose products are consumed by humans should be prevented for least one month, and 
crops for direct human consumption should not be grown within eighteen months of 
applications or incorporation. 
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In addition to meeting requirements for pathogen destruction, sludge for reuse should not 
contain excessive quantities of metals and other trace constituents. The Regulations for 
Water Reuse and Discharge limit the allowable concentrations of metals as follows: 

Metal Limit (g/tonne)
 
Cadmium 30
 
Chromium 1000
 
Cobalt 100
 
Copper 1000
 
Lead 1000
 
Molybdenum 20
 
Nickel 200
 
Zinc 1000
 

The fate of wastes from service stations and quality of drinking water will impact the 
suitability of sludge for reuse. Reportedly, the concentration of lead in sludge from the 
Muttrah wastewater treatment plant in Muscat violates standards for reuse, possibly 
because of wastes from service stations. Further, the highly corrosive water from 
desalination plants contributes to metallic content by corroding pipes and fittings. 

In Salalah, the concentration of metals in sludge will most likely be low enough to allow 
for its reuse. Unlike in the Mu-;cat area, the wastewater from service stations and from 
industrial areas in Salalah will be kept out of the sewer system and treated separately. In 
addition, the hardness of the water in Salalah will lessen the contribution of metals from 
corrosion of the water-supply system. Concentration of metals in sludge will not be known 
until sludge is available for analysis. However, the low levels of industrial activity, and the 
intended source controls, are such that levels which might interfere with agricultural use are 
not expected. 

If the wastewater treatment plant consists of a lagoon system, the sludge from treatment 
will remain in the bottom of the ponds for about a year before removal becomes necessary. 
During that time, the sludge will digest and release some substances to the overlying liquid 
for treatment. In general, the sludge from lagoons will be well stabilised. The sludge can 
be removed from the lagoons after the wastewater has been decanted by the use of floating 
dredges. After drying, the sludge will be suitable for reuse, if industrial wastes and 
service-station wastes are kept separate. In addition, because of the long detention times 
for sludge in the bottom of the lagoons, pathogen destruction should he high enough to 
allow for reuse of the sludge without drying. 

In an in-vessel treatment plant, sludge could be dried in beds at the plant site or at the Wadi 
Qaftawt lagoons. With a separately located drying scheme, the sludge processes at the 
plant would consist of thickening of waste activated sludge on gravity belt thickeners, 
anaerobic digestion of primary sludge and thickened waste activated sludge, and loading of 
trucks. The trucks would haul digested sludge with about four percent solids content. 
After drying on beds at Wadi Qaftawt, dried sludge would be available for reuse or could 
be landfilled at the solid-waste disposal area. 

With sludge dewatered at the treatment plant, sludge processing at the treatment plant 
would include thickening of waste activated sludge on gravity belt thickeners, anaerobic 
digestion of primary sludge and thickened waste activated sludge, dewatering on belt filter 
presses, and loading of trucks. In this case, the trucked sludge would have a 20 percent 
solids content. Cake could be reused or be landfilled at the solid-waste disposal area. If 
long-term storage of cake is anticipated before reuse, the cake could be composted. Liquid 
digested sludge would also be available for land application. 
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G.13.2 Sludge Processes Considered and Retained 

The sludge treatment processes listed below are relevant for use in Salalah because of 
effectiveness, reliability based on the extent of use elsewhere, operability and economy. 
They include: 

o Gravity Belt Thickening 

Gravity belt thickening of waste activated sludge prior to its dewatering on belt 
presses is preferred. Gravity belt thickeners are inexpensive and reliable as 
compared to other forms of sludge thickeners. Its only disadvantage is it has more 
mechanical components. 

o Anaerobic Digestion 

Anaerobic digestion of sludge involves the decomposition of organic and inorganic 
matter in the absence of oxygen to produce a stabilized sludge. With adequate
controls, the product can be reused for agricultural purposes. 

o Aerobic Digestion 

Aerobic digestion is appropriate at small wastewater treatment plants. It is easier to 
operate and less expensive to build than anaerobic digestion. However, electrical 
costs are very high. 

o Belt Filter Press Dewatering 

Dewatering of sludge is a physical (mechanical) unit operation to reduce the 
moisture content of the sludge. Belt filter presses are reliable and relatively easy to 
operate and maintain. They also use little power, and the sludge can be conditioned 
by polymers. The units are used in all ranges of wastewater treatment plant sizes. 
The concentration of solids in the cake is about 20 percent. 

Sludge Drying Beds 

Sludge drying beds are typically used to dewater all types of sludges. After drying,
the sludge is removed and either disposed of in a landfill or used as a soil 
conditioner. The principal advantages of drying beds are low cost, infrequent
attention required, and high solids content in the dried product. 

Sludge drying beds have been used for many years for sludge dewatering, and are 
used at several facilities in Salalah. They are simple to operate, and require little 
attention except during loading and unloading. They require substantial areas,
especially for larger plants. They can also encourage fly nuisances and be odorous. 
They should not be used near residential areas. 

o Composting 

Composting of sludge is a cost-effective and environmentally sound alternate for 
the stabilisation and ultimate disposal of sludge. Composting is a process in which 
organic material undergoes biological degradation to a stable end product, nuisance 
free, humus-like materials. The resultant material can be used for soil conditioning
and supplement soil. 
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G.13.3 Sludge Treatment Processes Considered and Rejected 

Other processes that were considered but discarded for use in Salalah are: 

o 	 Flotation Thickening 

Flotation thickening of sludge has been abandoned at many treatment plants because 
of high power costs. 

o 	 Gravity Thickening Tanks 

The simple gravity thickening process is still widely used. However it is less 
popular than it once was because of odor problems. Solids concentrations are less 
than with several other thickening processes. 

o 	 Vacuum Filters 

Vacuum filters were formerly used extensively for sludge dewatering. They are 
now seldom installed in municipal treatment plants, because of high power costs 
and because other dewatering processes produce drier cake at less cost. 

o 	 Centrifuges 

The effectiveness of centrifuges has increased dramatically in recent years. The 
improvement has been partly the result of closer control of differential speed 
between the bowl and scroll. The units offer the advantage of being less odorous 
than other sludge dewatering methods, and requiring a smaller building area. 
However they are substantially more expensive and costly to run than belt filter 
presses.
 

o 	 Chamber Presses 

Chamber presses provide the driest cake of any of the mechanical dewatering
options. (Drying beds can provide a drier cake, provided that the sludge is left on 
the beds for a sufficient length of time). They are, however, very expensive, and 
sometimes require large amounts of lime and ferric chloride for conditioning. 

o 	 Incineration 

Sludge incineration converts the sludge to an ash, very inert and of small volume of 
landfilling. Its major disadvantages are (1) very high fuel cost; (2) high capital,
maintenance and operating costs; and (3) complex operation. Incineration is 
appropriate only for communities considerably larger than Salalah. 

o 	 Sludge Lagoons 

Lagoons are used for drying sludge in areas with high evaporation rates. Because 
evaporation rates in Salalah are very low during the monsoon season, sludge 
lagoons are not suitable. 

G.14 Wastewater Collection and Disposal 

The planning results and options available for wastewater collection and disposal are 
considered below in the following sequence: 

o 	 Selection of wastewater collection zones, based on projected land use, wastewater 
flow gtneration, topography and the locations of potential treatment plant sites; 
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o 	 Consideration of the appropriate type of local collection system within zones, such 
as conventional gravity sewers or STED (septic tank effluent drain) systems; 

" 	 Interim or area-specific options to a public wastewater system, such as possible
improved on-site treatment and disposal systems. 

G.14.1 Wastewater Collection Zones 

An overview of the existing and projected land use patterns in the Salalah wastewater study 
area is shown on Figure 2.1. For purposes of projecting the distribution of potable water 
demands and wastewater flows, the study area has been divided into 109 land use areas,
shown on Sheet 2 of Map 2. These include areas devoted to residential, commercial,
industrial, agricultural, institutional and special (such as military and palaces) land uses. 
Place names for the districts of Salalah, and the district boundaries as commonly used by
the Municipality, are shown on Figure 2.2. Identification numbers have been assigned to 
each district, as shown on the figure, and these are referenced in the following discussion. 

For purposes of wastewater planning, the study area has been divided into the six 
wastewater collection zones shown on Figure 2.6. The areas and boundaries of the 
collection zones have been selected to allow comparison of alternative schemes for 
conveyance to potential sewage treatment sites. For cost comparisons of alternative 
treatment sites, a distinction must be made between local sewers that are part of the 
collection system, and trunk sewers that are part of the conveyance system for a particular
plant site. For planning purposes, a collector sewer is defined as any sewer which stays
the same under all the alternative conveyance schemes. A trunk sewer is defined as any 
sewer that may change in size, slope, direction of flow, or routing depending upon the 
location of a potential treatment site. 

G.14.2 Collection Systems 

The collector sewers within a zone determine the requirements to be met by trunk sewers,
in terms of inflow points, critical sewer invert levels, and routes of trunk sewers. 
Preliminary layouts, sewer sizes and sewer slopes for collection systems have been 
prepared for 22 districts, covering all of the area for which detailed maps and plans for 
housing are available. These results have been used to estimate the lengths and costs of 
sewers for an additional six districts, where detailed plans for housing and streets are not 
yet available (Sahalnawt North, Sahalnawt South, possible developments in the Farms and 
Wadi Daha districts, and Raysut North and Raysut South where housing plans are 
currently under development). The remaining districts are devoted primarily to special uses 
(Al Shatti, Al Mamoorah, Al Robat, Airport, Al Baleed, and the Conservation of 
Environment area surrounding the Salalah wellfield). 

For all of the inland residential districts the ground slopes toward the coast, sufficiently to 
allow a conventional gravity collection system. The collectors would feed trunk sewers 
routed along the northern edge of the agricultural strip. For coastal districts (Al Hafah, Al 
Hasn, and Dhariz South), small lift stations and pump stations are required to carry flows 
along the flat low-lying narrow strips of development parallel to the coast, and to pump the 
flows collected to the trunk sewers or other facilities located further inland. Design flows 
for the collection system are based on saturated development, assumed to occur by the year 
2020. 

The estimates derived from preliminary planning for the local collection systems are 
summarised in Table G.8. An estimated 85 percent of the total length of sewers would be 
200 mm in diameter, which is the minimum size normally adopted to assure ease of 
maintenance, and is also the minimum size recommended in Omani guidelines for town 
planning. On average, each house plot served will require about 10 m of sewer. Figure
G.3 indicates that the average length per house (at full saturated development) varies over 
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the districts: North Saada (District 18) requires about 17 m per house as a result of low 
housing density; while densely developed areas near the center of the city (Districts 2, 3, 12 
and 13) require 6 m to 9 m of sewer per house served. 

It should be noted that these estimates of sewer length do not include house connections,
which will generally be 150 mm size and have an average length on the order of 30 m per
house (based on the preliminary layouts of street sewers, which are subject to refinement 
during final design to find the optimal balance between length of street sewer and length of 
house connections). 

TABLE G.8 Summary of Planning Data for Collection Systems 

District Conditions at Saturated Development Sewer Lift or 
ID Area Plots or Popu- WW Length Pump 

Flow
N (ha) Houses lation (MLd) (M) Stations 
0 

Notes: IIM 	 [2] [31
1 Al Qoof 	 54 527 3700 0.94 6800 
2 Al Zawiah 38 586 5300 1.27 3700 
3 East Salalah 33 330 3000 0.75 2100 
4 Al Hafah, 80 1122 8400 1.22 11,400 4 
7 Al Hasn 
5 Town Center 70 394 2800 1.01 6400 
6 Central Salalah 52 607 7900 1.35 5800 
8 New Salalah 140 1678 13,400 2.65 16,700
9 WestSalalah 100 904 11,800 1.38 9500 
11 AlWadi 	 105 888 7100 1.16 
 8400
 
12 Al Salam 	 22 315 2500 0.40 2600 
13 Al Qantara 26 295 2400 0.40 2600 
16 Sahalnawt North [41 3400 20,400 3.37 40,800
17 Shahalnawt South 141 600 3600 0.56 7200 
18 Saada North 266 1251 7500 1.44 20,800
19 Saada South 704 2188 13,100 2.56 29,900
20 Dhariz North 198 1064 6400 1.11 11,900
21 Dhariz South 170 642 3900 0.94 5300 3
 
23 Farms 	 [41 1180 7100 1.11 14,200
26 Al Haseelah 102 668 4700 1.57 13,500
29 Al Awqad 106 869 5200 2.49 10,600
30 Al Awqad North 566 4300 25,800 2.52 58,900
31 Wadi Daha [41 1500 9000 1.47 18,000
33 Raysut North [4] 380 2300 0.61 4600 
34 Raysut South [4) 3142 18,900 2.96 37,700 

TOTALS [51 2830 29,000 208,000 42.6 349,000 7 

NOTES: [11 Estimated from aerial photographs and housing plans. Not 
available for all districts 

[21 Includes wastewater flows from large users (institutional, 
commercial, industrial) in other districts; see Appendix G 

[3] 	 From preliminary design, or estimated from planned housing; range
in sewer diameters from 200 mm to 600 mm 

[4] 	 Plans for new areas not available; sewer length estimated from 
planned number of houses and 12 in of sewer per house 

[5] 	 Totals shown include flows and pump stations to serve special
land uses (military and police installations, palaces) 
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Figure G.3 Housing Density vs. Sewer Length per House 

The suggested pipe material for both house connections and street sewers of 200 mm 
diameter is uPVC, which has a lower cost than vitrified clay pipe. Both materials are 
considered suitable for the warm climate in Salalah, where an important consideration is 
resistance to potential acid attack from the sulfides generated by wastewater. In the past, 
considerable problems have been encountered with unlined AC and concrete sewer pipes,
which failed quickly in several Middle East and Gulf countries. While vitrified clay pipe is 
rugged and long lasting after placement in the ground, it is susceptible to high breakage 
rates during shipping and installation and is expensive. Recently uPVC pipes have beer 
used in Muscat, and it is possible that uPVC pipe could become even more economical than 
estimated herein, if a pipe factory were established in Salalah. A factory making uPVC 
plumbing pipe already exists in Salalah. 

In order to limit the number of pump stations in the collection system, it is essential to 
select north-south routes for some of the collector sewers, running downgrade toward the 
trunk sewers. In many of the settled areas, most of the paved and unpaved streets run east 
to west. Thus it is necessary to route some sewers downgrade between adjacent houses, 
rather than along streets. It is assumed that such routes between houses would generally be 
on public land, or would not involve additional costs for obtaining a right of way or 
easement to install the sewer. 

A comparison of sewer requirements in 1990 and at saturation (2020) is shown in Table 
G.9. For this preliminary comparison, it is assumed that the full collection system would 
be developed in one step within each district, rather than staged development and extension 
of the collection system. Thus, the sewer length per existing house shown in the table may 
be exaggerated for the early years, but has been shown for illustrative purposes only. 

In the city centre area the housing density and sewer length per house change very Ittle 
between now and saturated development. Haseelah (District 26) would appear to be an 
exception, but its requirements are in fact moderate; in addition to residential housing it 
contains extensive commercial and light industrial development on larger plots of land. 
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TABLE G.9 Sewer Requirements by District, Years 1990 and 2020 

District Developed Area House Plots Housing Sewer Length 
(ha) Developed Density per ha per House 

Dev'd 
IDNo 1990 1 2020 19901 2020 1990 1 2020 1990 2020 

I AI Qoof 34 34 504 527 15 15 13 13 
2 Al Zawiah 36 38 552 586 15 15 7 6 
3 East Salalah 27 33 330 330 12 10 6 6 
4 Al Hafah, 67 80 1028 1122 15 14 11 10 
7 Al Hasn 
5 Town Center 5.4 70 55 394 10 6 117 16 
6 Central Salalah 48 52 451 607 9 12 13 10 
8 New Salalah 132 140 1630 1678 12 12 10 10 
9 West Salalah 95 100 745 904 8 9 13 11 
11 Ai Wadi 77 105 569 888 7 8 15 9 
12 AI Salam 19 22 230 315 12 14 11 8 
13 Al Qantara 26 26 186 295 7 11 14 9 
18 Saada North 206 266 367 1251 2 5 57 17 
19 Saada North 262 704 445 2188 2 3 67 14 
20 Dhariz North 77 198 465 1064 6 5 26 11 
21 Dhariz South 56 170 355 642 6 4 15 8 
26 Haseelah 90 102 668 668 7 7 20 20 
29 Al Awqad 106 106 559 869 5 8 19 12 
30 Al Awqad North 183 566 336 4300 2 8 175 14" 

Averages 6 9 24 11 

G.14.3 Septic Tank Effluent Drains 

In the sparsely developed fringe areas, the lengths of sewer required to serve existing 
development are relatively long, and would represent an investment exceeding RO 600 per
house. These areas include Saada North and Saada South (about 60 m of sewer per house)
and North Awqad (175 m per house). For these areas, interim solutions may be more 
appropriate, consisting of continued on-site disposal or perhaps selective installation of 
STED (septic tank effluent drain) systems. 

A STED system would rely on removal and digestion of sewage solids in on-site septic 
tanks at each household, in order to (i) reduce the sizes of sewer pipes (which in 
conventional gravity systems are based on obtaining scouring velocities in larger diameter 
pipes), (2) reduce the organic and solids loading on sewage treatment facilities, and (3)
allow the use of variable grade sewers (flowing in some stretches as inverted siphons, and 
in other stretches as high-slope gravity sewers). 

A STED system would be impractical for areas that are already densely developed, such as 
the city centre area. Modification (perhaps by installing a plastic liner) or reconstruction of 
essentially all the existing soakaway pits and purposely leaking septic tanks would be 
required. This would be expensive and technically demanding in terms of planning, design
and construction to suit individual house plots or groups of closely-spaced houses. 
Equally demanding would be the management task of bringing to fruition a Municipal
capability to organise, fund, inspect, and administer the work at about 8000 existing on-site 
facilities, most of them on private land. 
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Extension of STED systems to the whole area, with 30,000 households to be served at 
saturation, would eventually result in a vast expansion of the existing system of septage
tankers, to periodically empty the contents of the septic tanks. Centralised treatment of the 
wastewater solids and organics in a treatment plant would be considerably easier to control 
and regulate than for 30,000 individual systems. STED systems to date have been
implemented primarily for small systems of 100 to 500 houses, and application to Salalah 
would represent an unprecedented and untested expansion of the STED concept. STED 
systems have been considered in detail in CDM studies for other communities, and found 
uneconomical as well as impractical even for communities smaller than Salalah. 

Thus, it is concluded that consideration of STED systems should be restricted to areas of 
new housing in the sparsely developed areas, where STED systems might be useful in 
allowing a reduction in the sizes of sewers. However, in the candidate areas (including
Saada, North Awqad, Sahalnawt) there is little indication of a need for sewers to serve low 
density development. Septic tanks or soakage pits, without sewers, appear sufficient at 
present to protect groundwater quality and avoid nuisance conditions in the sparsely settled 
areas, as indicated below in the discussion of on-site disposal systems. 

When the density of development increases to the point where sewers are required, the 
required lengths of sewer per house become reasonable for installing conventional sewers,
which preliminary layouts indicate can be readily adapted to the topography. It is 
considered unlikely that STED systems would be found economical as either an interim or 
long-term solution under these circumstances. Furthermore, the end result in a STED 
system is a large number of lift stations or pump stations, which increase the operating
costs and complexity of the system, reduce the flexibility provided by excess capacity in 
200mm gravity collectors, and provide an increased risk of environmental degradation
within neighbourhoods due to malfunction of pumps (when compared to the smaller 
number of carefully sited pump stations in a gravity system). 

G.14.4 On-Site Disposal Systems 

The performance of existing soakage pits in the sparsely-settled areas with substantial 
depths of alluvium over the groundwater table is apparently satisfactory because of the high
permeability of the alluvium, which provides effluent drainage even without effective solids 
removal in a properly designed septic tank. However, in any areas where permeabilities 
are low, conventional septic tanks wouid be needed. Bacteriological sampling (see
Appendix N) indicates groundwater contamination is restricted primarily to densely
developed areas having shallow depth above the groundwater table. 

The adequate performance of soakage pits in sparsely-settled areas may be attributed not 
only to the high permeability of the alluvium, but also to the large depth through the 
alluvium to the groundwater table. Research results (Packer, 1983) indicate that bacteria in 
wastewater are carried downward to the water table in highly porous soils, but that the 
bacteria find a viable environment only near the air/water interface above the saturated 
groundwater table. In Salalah, the groundwater table is generally within the alluvium,
rather than in the karstic limestone aquifer from which the potable supplies are withdrawn. 
The natural dieoff of bacteria within the allluvium, and the lack of admittance of viable 
bacteria into fast moving solution channels in the limestone, may form a partial explanation
for the lack (or infrequency) of bacterial contamination of private and public wells. The 
MOD Engineering Section has indicated that direct contamination of their wells during the 
monsoon season can be controlled by the simple expedient of spreading chlorine powder 
on the ground surface in the immediate vicinity of the wells. 

For households that cannot be served economically by the future sewer system, or that 
cannot be connected until late in the planning period, options for an appropriate type of on
site treatment and disposal system must be considered. A number of types have been 
developed around the world to adapt to various types of soil and groundwater conditions. 
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For example, in areas of low-permeability soils and high groundwater, and in areas of 
exposed karstic formations, so-called "mound" systems have been developed. These 
consist of a septic tank followed by a leaching field of perforated pipes, built within a 
mound of sand or other pervious material. 

However, in Salalah the soils tend to be highly permeable (as confirmed by infiltrometer 
tests conducted during this study). In areas where the layer of alluvium is well above the 
groundwater table, and the groundwater table is within the alluvium rather than the karstic 
or granular limestone aquifer, septic tanks and soakage pits are appropriate in the absence 
of sewers. In general, such systems should conform with the requirements of the 
Regulations on External Building Drainage. That is to say, separate settling and soakage 
tanks or compartments should be provided. 

G.15 Wastewater Conveyance Schemes 

A conveyance system consists of the trunk sewers, pump stations and force mains which 
carry wastewater from local sewage collection systems to a treatment site. Each treatment 
site has its own conveyance system. A conveyance scheme is defined as a combination of 
treatment sites and conveyance systems which serve the entire area within the limits of the 
wastewater study area. Alternative conveyance schemes are considered below, and are 
then combined with the alternatives for treatment, disposal, reuse and recharge in the 
following Section. 

Seven alternative conveyance schemes have been considered, shown schematically on 
Figure G.4. 

Each scheme contains only those components which change among the alternative 
schemes. The sewers and punp stations within the local collection systems are not 
includei. The components of each scheme are described in Tables G.10 through G.16 for 
Schemes 1 through 7 respectively. Preliminary location plans for the trunk sewers, force 
mains and pump stations are shown on Figures G.5 to G.10 for the Schemes I through 5; 
Schemes 6 and 7 represent small variations on Schemes 4 and 5 respectively. 

The design flows for the components are based on saturated development of the collection 
zones within the study area, assumed to occur by year 2020. The projected flows between 
1995 and 2020 to treatment sites, pump stations and other components have been estimated 
as described in Appendix A. 

In general, the components of the conveyance schemes have been selected to minimise the 
number of pump stations, and to place the stations in locations outside the heavily settled 
portions of the city. For trunk sewers, excessive depths of trench have been avoided in 
part by running the trunk sewers at the minimum slopes required to maintain scouring
velocities, and in part by adopting larger increments in sewer size than those available on 
the market. The sizes of trunk sewers used in preliminary planning are: 300 mm, 450 mm,
600 mm, 900 mm, 1200 mm and 1500 mm. Over this range, the preferred and apparently 
most economical choice for pipe material is reinforced concrete pipe, containing a uPVC 
liner to prevent sulfide attack on the concrete. 

Pump stations would contain two or three submersible pumps depending upon capacity,
with one pump as standby. Diesel generators would provide auxiliary power during
shutdown on the public supply. Electrical controls would be housed above flood level in a 
dust-free cooled environment. Removal of the submersible pumps would be provided
through hatches on the wet well, with pumps lifted by a portable hoist. Consideration 
would be given at the design stage to provision of odour control by an air exhaust system,
which would pass air from the wet well through a biological soil filter located near the 
pump station. 
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Figure G.4 Alternative Wastewater Schemes 
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Diameters for force mains have been selected in conjunction with preliminary sizing and 
equipment selection for pump stations. For the pipe sizes selected, scouring velocities 
would usually be obtained when the lead operating pump is on. Also, the maximum
friction slopes and velocities at peak design flows would be in an economical range (so as 
to minimize the combined present worth costs of energy for pumping and of force main 
construction). Ductile iron is the preferred pipe material for force mains. 

TABLE G.10 Components of Conveyance Scheme I 

WADI OATFrAWT OE 
STABILIZATION PONDS AD 

ZONE F ZN OEDZN 
RAYSUT CTWETCITY EAST AHALNAWT 

SCHEME 1 WASTEWATER TREATMENT
 
AT WADI QAFAWT PONDS ..
 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zonc A 
Raysut City West City East Saada Dhariz Sahalnawt 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
(rm) (m) (mm) (m) (mm) (in) (amm) (m) (ram) (m) (mm) (m) 

1200 2950 900 5100 600 900 
1500 6400 1200 2550 900 2540 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
400 5600 1000 10680 300 300 300 2670 200 1280 

450 2200
 

3. Pump Stations 

Avg Q Head AvgQ Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(MLd) (m) (MLd) (m) (MLA) (m) (MLd) (m) (MLd) (in) (Mid) (m) 

Raysut PS Khor Thet PS No. Dhariz Sahalnawt PS 
PS3.6 67 39.1 50 1.8 31 5.4 16 

Wadi Qaft. Arzat PS 
PS______42.6 78 ___________ _____ 0.4 16 

4. Wastewater Treatment Plants 

Plant Site [ Capacity (MLd) in 2020 
Wadi Qaftawt Ponds 42.6 
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TABLE G.11 Components of Conveyance Scheme 2 

WADI DAHA
 
TREATMENT -'LANT
 

F ZON OED OE
CITY WEST CITY EAST SAHALNAWr 

WASTEWATER TREATMENT 	 ZOEBAT WADI DAHA SITE 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.

(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
 

1200 2950 900 5100 600 900 
1500 6400 1200 2550 900 2540
 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
400 5300 1000 2200 300 2670 200 1280 

450 2200
 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(MLd) (m) (ML) (m) (MUd) (m) (MU) (m) (MUd) (m) (MUd) (m) 

Raysut PS Khor Thet PS No. Dhariz Sahalnawt PS 

3.6 	 55 39.1 33 1.8 
PS 

31 5.4 16 
Arzat PS 

0.4 16 

4. Wastewater Treatment Plants 

Plant Site Capacity (MLd) in 2020 
Wadi Daha[ 42.6 
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TABLE G.12 Components of Conveyance Scheme 3 

WADI DAHA
 
RAYL) TREATMENT PLANT 	 AHANAW 

SAD ZONE A 
FRAYSUIT 

TREATMENT PLANT 

CITY WEST CITY EAST 

WASTEWATER TREATMENT ZEB 
AT EAST & WEST SITES ST 

GSITE 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A 
Raysut City West City East Saada Dhariz Sahalnawt 

Dia. 
(mm) 

Lgth. Dia. 
(m) (mm) 

Lgth. Dia. 
(m) (mm) 

LgIh. Dia. 
(m) (mm) 

Lgth. Dia. 
(m) (mm) 

Lgth. Dia. 
(m) (mm) 

Lgth. 
(m) 

600 600 600 660 450 1850 
900 3580 900 2670 
1200 1360 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)


500 650 600 3470 300 2000 300 100 450 1200
 
800 2600 500 5300 600 2750
 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(MLd) (m) (MLd) (m) (MLd) (m) (MLd) (m) (MIA) (m) (MLd) (m) 

Khor Thet PS Haseelah PS Saada PS No.	Dhariz Sahalnawt PS
 
PS
 

18.0 32 8.6 20 6.2 26 1.8 
 9 5.0 9
 
Khor Sal'h Farms PS Arzat PS 

PS 
6.1 7 1 1.5 9 1 0.4 8 

4. Wastewater Treatment Plants 

Plant Site Capacity (ML/d) in 2020 
Sahalnawt 20.5 
Wadi Daha 18.6 

Raysut 	 3.6 
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TABLE G.13 Components of Conveyance Scheme 4 

FARMS TREATMENT OE 

RAYSUT TREATMENT PATST AD 
PLANT SITE O E
 

EZN
SO~
RSTCITY WEST CITY EAST D AHAIZ 
FZN 


WASTEWATER TREATMENT 
AT CENTRAL SITE DAI 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone ARaysut City West City East Saada Dhariz Sahalnawt
Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)

450 650 1200 3150 600 900 
600 1850 900 2540 
900 3200
 
1200 1200 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 
700 650 900 2700 300 2670 200 1280 

450 2200
 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q(MLd) (m) (MLA) (m) (ML) (m) (MLd) 
Head 

(m) (MLd) (m) (MLd) (m)
Khor Thet PS Haseelah PS No. Dhariz Sahalnawt PS 

2.9 7 27.2 16 1.8 
PS 

31 5.4 16 
Khor Salh Arzat PS 

PS 
12.2 6 0.4 16 

4. Wastewater Treatment Plants 

Plant Site Capacity (ML/d) in 2020 

Raysut 3.6 

G-50
 



TABLE G.14 Components of Conveyance Scheme 5 

ZONECZONE A 
SAADA AHALNAWTRAYSUT TREATMENT 


PLANT SITE
 

ZOEE ZON~ED 
CITY WEST CITY EAST 

s mE5 WASTEWATER TREATMENT IoHARIZr 
ARZATAT EASTERN SITE 

SITE 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 

450 650 1200 2650 450 1850 
600 1850 
900 3200 
1200 3000 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 

700 650 900 3200 300 2000 300 100 450 1200 
500 5300 900 2750 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(ML) (M) (MLd) (m) (MLd) (m) (Mid) (m) (MLd) (m) (Mid) (m) 

Khor Thet PS Haseelah PS Saada PS No. Dhariz Sahalnawt PS 
PS
 

2.9 7 27.2 19 .6.2 26 1.8 9 5.0 9 
Khor Sarh Farms PS Arzat PS 

PS
 
12.2 6 1.5 9 0.4 8
 

4. Wastewater Treatment Plants 

Plant Site Capacity (ML/d) in 2020 
Sahalnawt 39.1 
Raysut 3.6
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TABLE G.15 Components of Conveyance Scheme 6 

FARMS TREATMENT ZN 

FIESA PLAN D 

SCfY 	 SAHALNAWT)-YSU 	 CITYW EAST 

SCHEME 6WASTEWATER TREATMENT 	 ZNB 

~~ALL AT CENTRAL SITE 	 DA 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F 	 Zone E Zone D Zone C Zone B 	 Zone ARaysut City West 	 City East Saada Dhariz Sahalnawt
Dia. Lgth. 	 Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. 	 Lgth. Dia. Lgth.(mm)- (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 	 (mm) (m)

600 650 	 1500 3150 600 900 
900 1850 900 2540
 
900 3200
 
1200 1200
 

2. Force Mains 

Dia. Lgth. 	 Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. 	 Dia. Lgth.(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 	(mm) (m)
400 6600 800 650 1000 2700 300 2670 	 200 1280
 

450 2200
 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 	 Avg Q Head(MLd) (M) 	 (Md) (m) (Md) (m) (MUd) (m) (MLd) (m) (MLd) (m)
Raysut Khor Thet PS Haseelah PS No. Dhariz Sahalnawt PS 

PS3.6 	 40 6.8 7 31.1 16 1.8 31 5.4 16
Khor Sarh Arzat PS 

16.1 PS 
6 0.4 16 

4. Wastewater Treatment Plants 

Plant Site Capacity (ML/d) in 2020 
Farms 42.6 
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TABLE G.16 Components of Conveyance Scheme 7 

ZONJEC ZONEA 
SAADA AHALNAWT 

@S 
SCHEME 7 WASTEWATER TREATMENT DHARIZ ARZAT 

ALL AT EASTERN SITE 	 SITE 

1. Gravity Interceptors (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dit. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 

600 650 1500 2650 450 1850 
900 1850 
900 3200 
1200 3000 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 
400 6600 800 650 1000 3200 300 2000 300 100 450 1200 

500 5300 1000 2750
 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(MLd) (m) (MLA) (m) (MU) (m) (MU) (m) (ML) (M) (MU) (m) 

Raysut Khor Thet PS Haseelah PS Saada PS No. Dhariz Sahalnawt PS 
PS 

3.6 40 6.8 7 31.1 19 6.2 26 1.8 9 5.0 9 
Khor 	Sal'h Farms PS Arzat PS 

PS 
16.1 6 	 1.5 9 0.4 8
 

4. Wastewater Treatment Plants 

Plant Site Capacity (ML/d) in 2020 
Sahalnawt 42.6 
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The preliminary selection of treatment sites, pump stations, force mains and trunk sewers 
has been based on minimising the costs of conveyance, in the following respects: 

o 	 Wadi Qaftawt stabilization ponds, Scheme I. The site of the existing ponds is 
about Elev 80 m, while the land for expansion of the plant site is further inland at 
higher elevations. Based on preliminary layouts of aerated lagoons to expand the 
existing capacity, the minimum inlet elevation to an expanded plant would be at 
Elev 95 m. The wastewater would be pumped through a 1000 mm force main, II 
km long, from essentially sea level at the Khor Thet pump station to Elev 95 m at 
the site. The resulting pumping head is much too large for the normal range of 
sewage pumps. As a result an intermediate pump station (called Wadi Qaftawt 
Pump Station in Table G.10 and Figure G.5) is required, in addition to the Khor 
Thet pump station. These stations would serve essentially all of the city through a 
single gravity trunk main, 600 mm to 1500 mm size and 20 km long, stretching
from Saada in the east to the Khor Thet pump station. Four small pump stations 
would serve peripheral areas (Raysut, Arzat, Sahalnawt, and Dhariz North). 

" 	 Wadi Daha plant site, Schemes 2 and 3. The plant site is located in the eastern 
comer of a triangular piece of land allocated to industrial development, near the 
Raysut Cement Factory. The site would allow an inlet elevation of 25 m, and 
greatly reduce pumping costs (from the Khor Thet pump station) compared to the 
Wadi Qaftawt site. Scheme 2 is the same as Scheme I in all other respects. Under 
Scheme 3, Wadi Daha would serve only Zone E (City West). A gravity trunk 
sewer 600mm to 1200mm size and about 6 km long would serve the City West 
area. As a result of smaller pipe sizes which require steeper slopes compared to 
Schemes I and 2, an additional pump station would be required on the eastern bank 
of Wadi Salalah upstream from Khor Salalah. 

o 	 Sahalnawt plant site, Schemes 3, 5 and 7 The plant site would be located within a 
fenced off area located shoreward from the barracks area of the Sultan of Oman 
Artillery installation. It would be necessary to take over the site from the SOA. 
The site was selected to be about I km eastward from Khor Dhariz, in order not to 
interfere with the birdlife and other environmental amenities of the Khor, and not to 
cause offense to the area of large homes located west of the Khor. The site is also 
about 1km inland from the public beach area, behind an area used seasonally for 
sardine drying beds. It is also inland from a low-lying flood plain area, which was 
found to contain expansive soils during infiltrometer tests conducted in this study.
The site itself is on exposed weathered limestone, which fonns a shelf or ridge of 
exposed rock about 1 km wide and extending inland from the flood plain on both 
sides of the Khor. 

The site selected is considered to be of limited economic, strategic or environmental 
value for other uses, and could be made to accommodate a treatment facility
constructed above ground. Should the SOA be unwilling to relinquish the site, 
another site along the 5 km stretch to the planned coconut plantation could be 
selected without affecting conveyance costs, provided the treated effluent is reused 
on the coconut plantation (or fodder farms further inland). For aquifer recharge in 
the Farms area, costs would increase as the site is moved further eastward. 

Under Scheme 3, force mains from City East (600 mm size), Saada (500 mm) and 
Sahalnawt (300 mm) would carry flows directly to the site, in part to avoid gravity
trunk sewers in deep trenches blasted out of the limestone formation. Under 
Scheme 5 the City East force main would increase to 900 mm size to accommodate 
flows from the City West area. Under Scheme 7 the size would be 1000 mm to 
carry Raysut as well as City West. This force main passes through an agricultural 
area in the Robat and Baleed areas, which also contains areas of archaeological
interest. As a result, care must be taken in final design to bypass the archaeological 
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areas, and to enlist the services of an archaeologist during construction in order to 
preserve any antiquities which may be unearthed. 

As discussed subsequently, three additional eastern sites were considered after the 
comparison of the seven schemes described here. These sites include: the
Sahalnawt site (north of the SOA facility and adjacent to Wadi Sahalnawt; the Arzat
site adjacent to Razat Farm (presented in the Priority Works Report); and the Sha'a 
site located east of the satellite tracking station beyond Mamoorah Palace. The
associated conveyance schemes for the three sites were designated Schemes 7A,
7B, and 7C. 

o 	 Farms treatment site, Schemes 4 and 6. Flows from City West and City East
(Scheme 4) and also Raysut (Scheme 6) would be pumped to the site from a station 
in Haseelah, while flows from Saada would be carried by gravity. The site has 
been selected as a good location for aquifer recharge of reclaimed water, and also as 
the most suitable site close to the geographic center of the city. If the Dhofar Cattle 
Feed site is utilised for housing, the plant and/or recharge site could be moved to
the MAF land adjacent to the airport entry road. Central sites located within the 
central agricultural strip were judged undesirable for several reasons: acquisition of
private agricultural land might prove expensive and take considerable time; there is
little opportunity for safe disposal of emergency spills from the plant; and reuse on 
vegetables or other crops would be by direct piping of reclaimed water (which
might prove objectionable to farmers, and would be less safe than after retention in 
groundwater). 

" 	 Raysut plant site, Schemes 3, 4 and 5. Flows to this site would be small,
amounting to less than 10 percent of the system total. Definitive selection of a site 
must await completion of plans for housing in Raysut, which are currently 
underway. 

G.16 System-wide Scheme Options 

G.16.1 Scheme Definitions 

Thirty system-wide wastewater scheme options have been defined and compared, based on 
the options for conveyance, treatment, reuse and disposal discussed in the previous
Sections. The 30 schemes not only have different costs, they also fall into several different 
benefit categories. The benefits not only differ by type, they also have the potential to vary
in timing. In order to make the cost comparisons directly significant, standard staging
schedules have been adopted for all schemes, both for treatment and disposal facility
construction, and for construction of reuse facilities that have future benefits associated 
with them. 

The staging assumptions that have been made for the purpose of comparing alternative 
schemes are that: 

" The timing of treatment, disposal and recharge facility construction is such that new 
works will be put into service as follows: 

- 1995, with design capacity for 2005 flows; 
- 2005, with design capacity for saturation flows; and 

o 	 The timing of direct reuse facility construction is such that new works will be put
into service as follows: 

- 2000, with design capacity for 2010 flows;
 
- 2010, with design capacity for 2020 flows.
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It is presumed that a third stage of reuse facility construction would occur beyond the 
Masterplan period, say in 2020. 

The alternative wastewater schemes involving in-vessel treatment of wastewater are 
presented in Table G.17. In Table G.17, the schemes are identified and organised in 
relation to the global Masterplan alternatives (A, B, C and D), and by the wastewater 
collection schemes (1 through 7) identified in section G.15. The treatment train 
identification numbers are as defined in section G.12. For treatment at the Farms site, 
every unit would be covered and provided with odour control facilities. 

In Table G.17, reuse options and costs under Alternative B (Plan Based on Reduced 
Agricultural Demand plus New Sources) are the same as for the corresponding 
arrangements under Alternative A (Plan Based on New Water Sources), except that the 
options that include fodder irrigation do not apply. The options and costs under Alternative 
C (Plan Based on Reduced Agricultural Demand plus Reclamation Recharge) and 
Alternative D (Plan Based on New Sources plus Reclamation Recharge) are the same. 

In addition to the schemes presented in Table G. 17, all of which are based on in-vessel 
treatment of wastewater, including tertiary reclamation as appropriate, it is necessary to 
consider the use of lagoon treatment at Wadi Qaftawt. Three alternative staged treatment 
systems for use at that location have been developed for consideration as variations to 
Scheme Al(b) in Table G.17. These all incorporate final chlorination, and are: 

(1) Three-stage lagoons: anaerobic, facultative and maturation; 
(2) Two-stage lagoons: facultative and maturation; and 
(3) Aerated lagoons. 

G.16.2 Compliance with Effluent Regulations 

The treatment trains incorporated in the schemes listed in Table G.17 are intended to 
provide the level of removal of BOD, SS, ammonia, nitrogen and pathogens needed to 
assure both safety and environmental compatibility. They also are expected to comply with 
the effluent regulations, with the following exceptions: 

o Use of Train Ior lagoons at Wadi Qaftawt for disposal to the wadi. 

The effluent from Train I or lagoons would be filtered through the alluvium before 
entering the wadi and after entering the wadi will again be filtered through alluvium 
before finally entering the sea. Under aerobic conditions in the alluvium, some 
degree of oxidation of ammonia to nitrate is expected to occur. However, no 
negative environmental effects are expected to occur as a result of such ammonia as 
does remain or because of nitrate. This wadi has no khor, so the effluent will 
ultimately enter the sea dispersed over a wide area. Dilution will ensure that any 
remaining ammonia has no possible toxic effect on marine life, and the nitrate has 
no potentially damaging effect in this situation. 

Nevertheless, effluent from Train I or lagoons may not reach the regulatory 
ammonia criterion and may also exceed the nitrate requirement. Effluent from 
Train I or aerated lagoons would also not meet the total SS and turbidity 
requirements, and may also include helminth ova and/or cysts, because it will not 
have been subjected to coagulation and filtration. Chlorinated effluent from non
aerated lagoons should meet the pathogen limitations. 

Removal of remaining SS, turbidity, ova and cysts would be accomplished by 
filtration through the alluvium. Application to the alluvium is intended to be 
accomplished within the fenced treatment plant site, so that there will be no public 
contact with the effluent, and therefore no need for additional above-ground 
treatment. If compliance before percolation through the alluvium were required, 
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TABLE G.17 Definition of System-wide Scheme Options 

Serial DEFINITION OF SCHEME TREATMENT METHOD OF DISPOSAL OR REUSE 
No. Overall Cony. 

Alt. Scheme 

I A,B 1 
2 AB 1 
3 AB I 
4 A,B 2 
5 A,B 2 
6 A,B 2 
7 A,B 3 

8 A 3 

9 A,B 3 

10 A,B 3 

11 A,B 3 

12 A 4 

13 A 4 

14 A 4 

15 A 5 

16 A 5 

17 A 5 

18 A,B 5 

19 C, D 1 

20 C, D 2 

21 C, D 3 

TD&R 

Ident.
 

(a) 
(b) 
(c) 
(a) 
(b) 
(c) 
(a) 

(b) 

(c) 

(c) 

(d) 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

(d) 

(a) 

(a) 

(a) 

Site 

Qaftawt 
Qaftawt 
Qaftawt 
Daha 
Daha 
Daha 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
RaysuL 
Daha 
Sahlnwt 
Raysut 
Farms 
Farms 
Raysut 
Farms 
Farms 
Raysut 
Farms 
Farms 
Raysut 
Sahlnwt 
Sahlnwt 
Raysut 
Sahlnwt 
Sahlnwt 
Raysut 
Sahlnwt 
Sahlnwt 
Raysut 
Sahlnwt 
Qaftawt 
Qaftawt 
Qaftawt 
Daha 
Daha 
Raysut 
Daha 
Daha 
Sahlnwt 
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Train 

3 
1 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
4 
2 
2 
3 
2 
2 
4 

2 

2 

4 

3 

3 

4 

3 

3 

4 

3 

3 

4 

3 

3 

4 

3 

3 
4 
3 
3 
4 
2 
3 
3 
3 
3 
3 
4 
3 
3 

3 


Site 

Daha 
Qaftawt 
Daha 
Daha 
Daha 
Daha 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Daha 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Farms 
Sahlnwt 
Raysut 
Sahlnwt 
Daha 
Farms 
Qaftawt 
Farms 
Daha 
Rn'ysut 
Farms 
Daha 
Farms 

Method 

Park Irr.[1], Perc Balance 
Percolation 
Percolation 
Park Irr.[l], Perc Balance 
Park lrr.[2], Perc Balance 
Percolation 
Amen. Irr[3] Per," Balance 
Amen. Irr[1],Perc Balance 
Coco.Irr.[4], Perc Balance 
Amen. Irr[3] Perc Balance 
Amen. Irr[l],Perc Balance 
Fodder[51, Perc Balance 
Percolation 
Percolation 
Percolation 
Percolation 
Percolation 
Percolation 
Amen. Irr[3] Perc Balance 
Percolation 
Percolation 
Percolation 
Fodder[5], Recharge Bal. 
Coconut Irrigation[7] 
Percolation 
Fodder[6], Recharge Bal. 
Coconut Irrigation[8] 
Percolation 
Fodder[5], Recharge Bal. 
Coconut Irrigation[4] 
Percolation 
Fodder[5] 
Coco.Irr.[7], Perc Balance
 
Percolation
 
Fodder[6]
 
Coco.lrr.[8], Perc Balance
 
Percolation
 
Fodder[5]
 
Coco.Irr.[4], Perc Balance
 
Percolation
 
Percolation
 
Park Irrigation[9]
 
Recharge[9]
 
Percolation of Balance
 
Recharge[10]
 
Park Irr.[2], Perc Balance
 
Percolation
 
Recharge[ l ]*
 
Percolation of Balance
 
Recharge[l 1]*
 



Sahlnwt 3 Sahlnwt Percolation of Balance 
22 C, D 3 (b) Raysut 4 Raysut Percolation 

Daha 3 Daha Park lrr[l], Perc Balance 
Salilnwt 3 Farms Recharge[9] 

23 C, D 4 (a) 
Sahlnwt 
Raysut 

"3 
4 

Sahlnwt 
Raysut 

Percolation of 
Percolation 

Balance 

24 C, D 5 (a) 
Farms 
Raysut 

3 
4 

Farms 
Raysut 

Recharge All 
Percolation 

Sahlnwt 
Sahlnwt 

3 
3 

Farms 
Sahlnwt 

Recharge[l1 ] 
Percolation of Balance 

25 A 6 (a) Farms 3 Farms Fodder[61, Rech Bal, 

26 A 6 (b) Farms 3 Farms 
Coco lrr[8] 
Fodder[5], Rech.Bal, 

27 
28 
29 

C, D 
A,B 
A,B 

6 
7 
7 

(a) 
(a) 
(b) 

Farms 
Sahlnwt 
Sahlnwt 

3 
3 
2 

Farms 
Sahlnwt 
Farms 

Coco lrr[4] 
Recharge All 
Coco Irr[4], Pere 
Percolation 

Balance 

30 C, D 7 (a) Sahlnwt 3 Farms Recharge[12], Perc 

Balance 

Notes: 
[I] Park area approx. 280 ha 
[2] Park area approx 50 ha 
[3] Amenity irrigation approx 50 ha 
[4] Coconut area 320 ha, drip irrigation 
[5] Fodder irrigation approx 314 ha 
[6] Fodder irrigation approx 179 ha 
[7] Coconut area 213 ha, surface irrigation 
[8] Coconut area 320 ha, surface irrigation 
[9] Recharge capacity 7.8 MLd from 1995, 13.7 Mid from 2005 
[10] Recharge capacity 14.5 MLd from 1995, 23.3 MLd from 2005 
[11] Recharge capacity 14.9 MLd from 1995, 23.6 MLd from 2005 
[12] Recharge capacity 21.3 MLd from 1995, 42.6 MLd from 2005 
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this would be accomplished by the addition of coagulation and filtration (e.g. by 
substituting Train 2 for Train 1) at an additional cost of 15 percent, or RO 1.78 
million, for each of two construction stages, and a combined capital and operating 
cost increase of 19 percent, to a total of RO 0.33 per cubic metre of water. It is 
recommended that this additional cost not be undertaken in connection with 
Schemes AI (b) or B2(b). 

o Use of Train 2 at Wadi Daha and/or Sahalnawt for disposal by percolation 

Public access is expected to continue to be possible to the areas beneath which 
treated effluent is intended to be disposed of by percolation in several schemes that 
include disposal at Wadi Daha and/or Sahalnawt. For this reason, the proposed 
treatment includes coagulation and filtration as well as biological treatment and 
chlorination. The proposed train is therefore Train 2, which, however, will not 
meet the ammonia removal requirements of the regulations and may not meet the 
total nitrogen requirements. 

Upgrading to comply with the all the nitrogen requirements would imply the 
substitution of Train 3 for Train 2 at an additional cost, for the flows to be treated at 
Wadi Daha and Sahalnawt, as follows: 

Schemes A2(c),B2(c) A3(c),B3(c) A5(d),B5(d)
Capital cost, first and second stages (in RO million) 

Base case 20.26 24.33 19.04 
Increase 3.62 4.23 3.41 
Percent 17.9 17.8 17.9 

Combined capital and operating cost (in RO/cu m)
Base case 0.36 0.48 0.40 
Increase 0.07 0.11 0.07 
Percent 19.4 22.9 17.5 

It is recommended that this additional cost not be undertaken in connection with Schemes 

A/B2(c), A/B3(c), or A/B5(d). 

G.16.3 Cost Comparisons 

The capital costs and present-worth costs of construction and annual O&M for the 30 
system-wide options are set out in Table G.18. The staging of construction of the 
treatment, disposal and recharge facilities is such as to give startup in 1995 for Stage I and 
in 2005 for Stage 2. For direct reuse facilities, the staging provides for startup in 2000 for 
Stage 1 and 2010 for Stage 2. The comparisons in Table G.18 are based on an annual 
discounting rate of 10 percent. The schemes are presented in order of ascending total cost 
and ranked. 

The cost comparisons in Table G.18 show that capital costs and present-worth costs are 
minimised by minimising the number of treatment locations and by minimising the 
complexity of treatment and disposal/reuse. The contribution of the disposal, reuse and 
recharge facilities to the capital costs is relatively small by comparison with that of treatment 
and conveyance. 

The capital cost of lagoon treatment (Trains 5 and 6) at Wadi Qaftawt, exclusive of the cost 
of conveying the wastewater to this elevated site, can be compared with the corresponding 
cost of activated sludge (Train 1) treatment for Scheme AI(b) in Table G.18 (in RO 
millions) as follows: 
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TABLE G.18 Cost Comparison or System-wide Schemes
 
(Costs in million Rials; Present worth at 10%, 1991; 20%allowed for engineering & administration)


Series Global Conv. TD&R ESTIMATED COSTS, MILLION RIALS Unit RELATIVE COSTS AND RANKING OF ALTERNATIVES 
No. 

2 
6 

29 
18 
27 
5 

Alt. 
II 

A, B 
A, B 
A.B 
A, B 
C, D 
A, B 

Scheme 
j 

1 
2 
7 
5 
6 
2 

Idcnt. 

(b) 
(c) 
(b) 
(d) 
(a) 
(b) 

Capital 
Cost 
27.71 
30.43 
30.77 
31.00 
3.29 
34.89 

Pent 
Capital 
15.45 
16.11 
16.35 
16.11 
17.29 
18.22 

Worth Costs 
O&M Total 
7.53 22.98 
7.80 23.91 
8.14 24.48 
8.89 25.00 
9.33 26.62 
8.42 26.64 

Cost 
(RO/m3) 

0.510 
0.530 
0-540 
0.550 
0-590 
0.590 

capital IPW Capita 
Pct. Rank PcI Rank 

100% 1 100% 1 
110% 2 104% 2 
111% 3 106% 4 
112% 4 104% 3 
120% 5 112% 6 
126% 12 118% 18 

PW O&M 
Pct. IRank 

100% 1 
104% 2 
108% 3 
118% 6 
124% 10 
112% 4 

PW T tal 
Pct. Rank 

100% 1 
104% 2 
107% 3 
109% 4 
116% 5 
116% 6 

23 C, D 4 (a) 33.42 17.03 9.99 27.02 0.600 121% 6 110% 5 133% 17 118% 7 
4 
30 

A, B 
C, D 

2 
7 

(a) 
(a) 

36.50 
34.19 

18.77 
18.16 

8.49 
9.28 

27.26 
27.43 

0.600 
0.630 

132% 
123% 

20 
7 

1219t 
118% 

21 
17 

113% 
123% 

5 
9 

119% 
119% 

8 
9 

16 
25 

A 
A, B 

5 
6 

(b) 
(a) 

34.77 
35.53 

17.71 
18.14 

9.84 
9.54 

27.55 
27.68 

0.610 
0.610 

125% 
128% 

11 
16 

115% 
117% 

8 
16 

131% 
127% 

15 
11 

120% 
120% 

10 
11 

15 
24 
28 

A 
C, D 
A, B 

5 
5 
7 

(a) 
(a) 
(a) 

34.66 
34.21 
36.67 

17.67 
17.81 
19.02 

10.02 
9.92 
8.98 

27.6Q 
27.73 
27.99 

0.610 
0.610 
0.620 

125% 
123% 
132% 

10 
8 

21 

114% 
115% 
123% 

7 
10 
22 

133% 
132% 
119% 

18 
16 
7 

12% 
121% 
122% 

12 
13 
14 

17 
12 
13 
26 
9 
11 
14 
20 
10 
1 

A 
A 
A 
A 

A, B 
A, B 

A 
C, D 
A, B 
A, B 

5 
4 
4 
6 
3 
3 
4 
2 
3 
I 

(c) 
(a) 
(b) 
(b) 
(c) 
(d) 
(c) 
(a) 
(c) 
(a) 

34.23 
35.39 
35.67 
36.24 
34.92 
35.34 
36.24 
37.22 
36.72 
38.69 

17.85 
17.79 
17.89 
18.37 
17.82 
17.95 
18.07 
19.63 
18.70 
20.50 

10.19 
10.26 
10.17 
9.83 
10.43 
10.44 
10.43 
9.06 
10.36 
9.71 

28.04 
28.05 
28.06 
28.20 
28.25 
28.39 
28.50 
28.69 
29.06 
30.21 

0.620 
0.630 
0.630 
0.620 
0.630 
0.630 
0.640 
0.640 
0.650 
0.670 

124% 
128% 
129% 
131% 
126% 
128% 
131% 
134% 
133% 
140% 

9 
15 
17 
19 
13 
14 
18 
23 
22 
24 

116% 
115% 
116% 
119% 
115% 
116% 
117% 
127% 
121% 
133% 

12 
9 
13 
19 
11 
14 
15 
23 
20 
24 

135% 
136% 
135% 
131% 
139% 
139% 
139% 
120% 
138% 
129% 

21 
22 
20 
14 
24 
26 
25 
8 

23 
13 

122% 
122% 
122% 
123% 
123% 
124% 
124% 
125% 
126% 
131% 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

3 
22 

A, B 
C. D 

I 
3 

(c) 
(b) 

39.08 
42.01 

21.11 
21.03 

9.66 
11.28 

30.77 
32.31 

0.680 
0.720 

141% 
152% 

25 
27 

137% 
136% 

26 
25 

128% 
150% 

12 
28 

134% 
141% 

25 
26 

19 C, D I (a) 42.03 22.56 10.04 32.60 0.720 152% 28 146% 30 133% 19 142% 27 
21 
8 
7 

C, D 
A 

A, B 

3 
3 
3 

(a) 
(b) 
(a) 

41.29 
44.09 
45.26 

21.22 
21.83 
22.27 

11.51 
11.36 
11.22 

32.73 
33.19 
33A9 

0.730 
0.740 
0.750 

149% 
159% 
163% 

26 
29 
30 

137% 
141% 
144% 

27 
28 
29 

153% 
151% 
149% 

30 
29 
27 

142% 
144% 
146% 

28 
29 
30 



Stage 1 Stage 2 

Activated sludge 
Aerated lagoons 

7.68 
6.39 

7.68 
6.39 

3-stage lagoons 9.59 9.59 
2-stage lagoons 12.03 12.03 

The relatively high cost of lagoon construction reflects the sloping nature of the site, the
generally porous material that is expected to necessitate lining of lagoons, and the probable
need for a limited amount of blasting in accordance with actual experience with the existing
plant. 

From Table G. 18, it can be seen that the combined capital and annual costs, exclusive of 
conveyance costs, tend to favour the disposal options because of the combined effect of
construction and 0 & M cost minimisation using the lower levels of treatment needed for 
disposal as compared with reuse or recharge. 

The effect on overall cost (including conveyance cost) of the use of lagoon treatment at
Wadi Qaftawt instead of Train I treatment in Scheme Al(b) is as follows (present worth 
costs in RO million): 

PW Cost Margin over 
(RO M) Lowest (%) 

Treatment at Qaftawt by:
Train 1 12.63 
Aerated lagoons 12.64 
3-stage lagoons 13.27 5.1 
2-stage lagoons 16.64 31.7 

From the data in Table G. 18, together with the above comparative tabulations, conclusions 
can be drawn about system and component costs, and cost minimisation. Conclusions 
relating to nine important issues are summarised as follows: 

I. Treatment at Wadi Qaftawt versus Wadi Daha: The lowest cost schemes involve 
secondary treatment and disposal to Wadi Qaftawt or secondary treatment and 
filtration for disposal at Wadi Daha. The level of treatment is the major reason for 
the low cost of the Wadi Qaftawt option. In both cases, the use of a single
treatment site keeps the cost low (see item 4 below). The viability of the level of 
treatment assumed for Wadi Qaftawt disposal is an environmental issue. Effluent
percolation following the treatment postulated for Wadi Daha is believed to be 
environmentally sound. Treatment to a higher level at Wadi Qaftawt for disposal at
Wadi Daha is not economically viable. It is therefore concluded that any choice 
between treatment and disposal at Wadi Daha or at Wadi Qaftawt is primarily an 
environmental issue, since the cost difference is small. 

2. In-vessel versus lagoon treatment at Wadi Qaftawt: The cost difference between 
conventional activated sludge treatment and 3-stage lagoons for treatment at Wadi 
Qaftawt, for any discharge to the wadi, is small enough that the choice should be 
made on other than cost bases, since there are differences in effluent quality. 

3. Separate treatment at Raysut versus inclusion in the main Salalah system: it is less
expensive to convey wastewater from Raysut to a main Salalah system thaii to treat
it at Raysut. The cost difference is relatively minor but is reinforced by the 
opportunity to return reclaimed water from Raysut to the central aquifer if separate
treatment is avoided. Since development and lewerage of Raysut are some years 
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away, these conclusions should be reviewed in the future before a commitment is 
made. For the purposes of this Masterplan, inclusion of Raysut wastewater in the 
central system is assumed. 

4. 	 Number of treatment plants: Costs are minimised by having only one treatment 
plant. It is therefore concluded that, unless reuse at Daha or Raysut, or separate 
treatment of industrial wastes, is an objective, treatment should be conducted at a 
single site. 

5. 	 Cost of treatment at Farms versus Sahalnawt: Taking account of both the cost of 
conveying reclaimed water from the treatment site and the cost of odour control at 
the Farms site, the overall cost differences between treatment at Farms and at 
Sahalnawt are barely significant. The small cost differences that do exist tend to 
favour treatment at Sahalnawt for schemes including coconut irrigation, and at 
Farms for recharge at that location. 

6. 	 Cost of treatment at Daha versus Sahalnawt: Given parallel staging, there is no 
significant difference in cost between treatment for disposal at Daha and Sahalnawt. 
However, since the areas already developed are closer to Sahalnawt than to Daha, 
staging of sewer construction to maximise early benefits will tend to favour 
Sahalnawt. Treatment for recharge at Daha as well as at Sahalnawt is clearly 
uneconomical. 

7. 	 Cost of recharge versus disposal: There is an incremental cost associated with 
recharge. This additional cost includes the provision of improved treatment and 
conveyance to and application on the recharge site. It is equivalent to RO 0.065/cu 
m of wastewater collected. (In terms of reclaimed water available for recharge, 
taken to be 10 percent less than the wastewater collected, the cost is RO 0.072/cu 
m.)
 

8. 	 Cost of irrigation: The cost of the irrigation water, including both the cost of the 
additional treatment and that of delivery and distribution, is: 

o 	 Fodder, 314 ha, plus coconuts, 213 ha, RO 0.117/cu m 
o 	 Fodder, 179 ha, plus coconuts, 320 ha surface, RO 0.11 /cu m 
o 	 Fodder, 314 ha, plus coconuts, 320 ha drip, RO 0.132/cu m 
o 	 Coconuts, 320 ha drip, RO 0.353/cu m. 

It is important to note that these irrigation water costs apply to these specific 
schemes, including the staging assumed. The added cost of enhanced treatment 
during the five-year period before irrigation begins is charged to the irrigation use. 
So also is the added cost of treating the whole flow even though only part is used 
for irrigation, which explains the high cost derived above for coconuts alone. 

9. 	 Cost of recreational and amenity use: The cost of amenity irrigation at Raysut, and 
recreational park irrigation at Wadi Daha, has been calculated. On the basis of the 
quantities of water assumed to be used for such irrigation under the postulated 
schemes, the incremental unit costs of water are: 

o 	 Amenity irrigation at Raysut, 50 ha: RO 0.260/cu m 
o 	 Park irrigation at Wadi Daha, 280 ha: RO 0.269/cu m 
o 	 Park irrigation at Wadi Daha, 50 ha: RO 1.130/cu m 

As in the above case of coconut irrigation, the high cost of reclamation for irrigation 
of the 50 ha park is primarily due to the need to treat to a high level the whole flow 
at Wadi Daha for the sake of the small quantity used for irrigation in that case. 

G-67 



G.16.4 Other Considerations 

There are several factors besides cost that must be considered in the decisions on treatment 
plant locations. These include: 

" 	 The higher value water uses (such as traditional agriculture and recharge) that need 
to be satisfied in the east. 

o The critical importance of excluding toxic and non-biodegradable substances from 
the wastewater from which water is to be reclaimed; this indicates the desirability of 
keeping industrial area wastewaters separate (Such wastewaters in Salalah are
expected to consist primarily of the equivalent of domestic sewage. Depending on 
the industrial processes in use, however, there is the possibility of contaminants 
being present, although not necessarily on a continuous basis.) 

o 	 The difficulty of satisfactorily disposing of wastewater at the Farms site during any 
process interruption or flood condition that might temporarily prevent soakage of 
reclaimed product into the soil. Such occurrences are expected to be extremely rare 
but the Farms site is in a central and very sensitive area. The alternative Sahalnawt 
site, on the other hand, not only has a very much reduced level of sensitivity, but 
also offers much greater flexibility in terms of the reuse opportunities that are 
available. 

o 	 The Sahalnawt site provides most economically for disposal, recharge and high
value reuse, and therefore was offered as the treatment site in the Priority Works 
Report in advance of the final selection of the Masterplan. 

G.16.5 Conclusions 

On the basis of the combined functional and economic analyses of 30 alternative system
wide wastewater schemes, together with the other analyses of issues earlier in this report, it 
was concluded that the following steps should be taken: 

1. 	 Under Alternatives C and D, provide tertiary treatment at Sahalnawt 

For global Masterplan alternatives that include groundwater recharge with reclaimed 
water (Alternatives C and D), treatment to a Train 3 level at Sahalnawt, or an 
alternative site to be named, with conveyance to Garsiz Farm for groundwater
recharge and stand-by effluent disposal near the plant site, is clearly the 
economically and functionally preferred scheme. 

2. 	 Under Alternatives A and B, provide tertiary treatment at Sahalnawt 

For global alternatives that do not include such recharge (Alternatives A and B),
there is no clear cost advantage to either: (a) treatment at Sahalnawt versus Wadi 
Daha for disposal, or (b) treatment at Sahalnawt for irrigation of crops versus 
treatment at Wadi Daha for irrigation of amenity or park areas. The economic return 
to water used for either crop irrigation or amenity irrigation is less than the cost of 
reclaiming, delivering and applying effluent. However, if reuse is done in such a 
way that it displaces potable water demand, then the economic return to reclamation 
of effluent becomes equal to the value of water for potable use, which is (at RO 
0.440 per cubic metre) about five times the incremental cost (RO 0.071 to 0.085 per
cubic metre) of reclamation for crop irrigation in large schemes. 

It is therefore concluded that, for Alternatives A and B, wastewater should be 
treated at Sahalnawt (or an alternative site to be named) to a Train 3 level, with 
reclaimed water conveyance to fodder irrigation and coconut irrigation systems,
plus stand-by effluent disposal. 
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An important assumption underlying this conclusion is that it is essential to ensure 
that the benefit of displaced use of fresh groundwater does in fact accrue to potable 
supply when reclaimed wpter is supplied to agricultural users. Although this would 
occur when reclaimed water is supplied to the fodder farms, it is not evident that it 
would do so for the proposed new coconut plantation. This would be located over a 
brackish aquifer that may not necessarily use water that would otherwise contribute 
to the potable system. It is assumed that if there is a choice in the use of any fresh 
water in the Eastern Jebel Front aquifer, priority would be given to the Salalah 
potable supply over the coconut plantation. 

3. 	 Dewater sludge at the treatment plant site 

Although construction costs will be higher for dewatering sludge at Sahalnawt than 
at Wadi Qaftawt, the life-cycle costs will be lower than for trucking of liquid sludge 
to Wadi Qaftawt for drying there on sludge drying beds. The number of trucks 
needed to haul dewatered sludge to Wadi Qaftawt is only one fifth of the number 
needed to haul wet sludge. Operations proposed at Sahalnawt for the processing of 
sludge include thickening of waste activated sludge on gravity belt thickeners, 
stabilisation with cement kiln dust or lime, and dewatering with belt filter presses. 

With wastewaters from industrial areas kept out of the central sewer system, and 
taking into account the hardness of the water supply, the concentration of metals in 
the sludge should be low enough that the sludge will meet the Oman Regulations 
for Wastewater Reuse and Discharge. Thus, with the stabilisation and pathogen 
reduction afforded by aging, taken together with the low metal concentration, the 
sludge is expected to be safe for agricultural reuse. 

4. 	 Treat trucked and trade wastewater at Wadi Qaftawt 

Wastewater must continue to be collected from as-yet unsewered areas for many 
years. The almost completed plant at Wadi Qaftawt has been designed to,. and 
will, accommodate this. 

It is important to protect the sewers, the reclamation plant, and the aquifers, from 
corrosive, oily and hazardous industrial wastes. It is therefore essential that they 
not enter the central sewerage system. This will require a regulatory, administrative 
and technical monitoring and control system, including provision for pre-treatment 
where necessary. However, even with such a system in place, casual dumping of 
toxic and other contaminants into the sewers can still happen in industrial zones. 
Therefore, wastewaters from wet industries in the New Industrial Area and from 
the proposed Raysut Industrial Estate should be treated at Wadi Qaftawt. These 
wastes will consist primarily of the equivalent of domestic sewage and is expected, 
if monitoring and any necessary pre-treatment is provided for, to be treatable by 
conventional processes. 

It is therefore concluded that the Wadi Qaftawt treatment plant should continue in 
operation and be amended and expanded as necessary to accommodate not only 
trucked wastewater but also pumped industrial zone wastewater and trucked sludge. 

5. 	 Include first phase treatment for the central wastewater system in the Priority Works 
Programme 

On the basis of conclusions 1 and 2 above, the provision of a tertiary treatment 
plant and effluent disposal system (the latter intended for use as a back-up system 
only) at Sahalnawt, or an alternative site to be named, is common to all four global 
alternatives. Therefore, the first stage of such facilities should be a component of 
the Priority Works Programme (Phase I of Stage I of the programme). 
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6. 	 Include in the Priority Works Programme the sewering of areas near the agricultural
strip, central Salalah and other developed areas given high priority by the 
Municipality 

The key issues that need to be considered in the staging of sewer service are: (a)
present health risks, (b) providing maximum early service for any given level of 
expenditure, and (c) addressing the administrative priorities of the Municipality. 

The limited amount of prior available coliform data, currently being supplemented
by the Consultants well water sampling and testing programme, indicates the 
following: 

0 	 While some coliform presence has been detected in a few wells in Saada, it does not 
indicate significant contamination of the aquifer; and 

0 	 Apparently significant coliform levels have been detected in several well samples in
Dhariz and in central Salalah close to the agricultural strip, where groundwater is 
used for irrigation of vegetables. 

Therefore, it is concluded that the key areas where public health considerations 
should affect sewerage priorities are: (a) those parts of central Salalah, Dhariz and
Awqad that are close to the agricultural strip and where the fresh groundwater table 
is only a few metres below ground surface, (b) other built-up areas where densities 
are high and where surface dampness is in places visible from malfunctioning
soakage tanks, and (c) Saada and coastal areas with planned development. 

In terms of service provided for minimum cost, priority should be given to high
density areas and areas close to the treatment plant. 

G.17 Treatment Plant Siting Options 

G.17.1 Background 

In the Masterplan Alternatives Report, submitted on 3 June 1991, the system-wide options
described in Section G. 16 were presented and subsequently reviewed by the Municipality
and other agencies. The Priority Works Report, submitted on 3 July 1991, presented a
second eastern plant site located between the prison and Razat Farm. The Consultant was 
requested to prepare a comparison of the relative costs for three eastern sites (Sahalnawt,
Arzat and Sha'a), in which the results described below were obtained. 

The Consultant has subsequently been instructed to regard any site in the Sahalnawt-Arzat 
areas as being not available. 

G.17.2 The Eastern Site Options 

After studying the potential site options in and east of the Sahalnawt area, taking into 
account technical and economic considerations, and proximity to sensitive areas, the 
treatment plant site options have been narrowed down to three. They include two locations
in the Sahalnawt area and a site east of the Satellite Station at Sha'a. These are presented 
on Figure G.10, designated as Sites 7A (Sahalnawt), 7B (Arzat) and 7C (Sha'a). They are 
treatment siting variations of Conveyance Scheme 7 as presented in Section G. 16. 

Site 7A is within a 28 ha MOD area allocated to the Signals Regiment but currently not in 
use. Site 7B is located on the existing Royal Guards' shooting range. Site 7C is 
unoccupied land immediately to the east of the Satellite Station at Sha'a. 
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In each case, a setback of at least 100 metres has been provided from the highway
boundary for the treatment plant. For Sites 7A and 7B, areas surrounding the 10 ha 
treatment site would be kept as barrier areas and be planted with trees and shrubs irrigated
with reclaimed water. 

The conveyance facilities for Schemes 7A, 7B and 7C are itemised in Tables G.19, G.20 
and G.21 respectively. 

G.17.3 Wadi Daha Site 

At somewhat less distance from the developed area than Sha'a is Wadi Daha, which was 
considered as a possible treatment plant site in Conveyance Scheme 2. The site location
and conveyance system are shown on Figure G.6, and components are listed in Table G.6. 
The site is on open land to the east of and below the cement factory and is about 700 m
from the Raysut highway. It would be about 1 km from the bypass highway and 500 m
from the cement factory. The area to the northeast of the site has been designated as a 
public park. 

G.17.4 Comparison of Site Options 

The costs of the wastewater system for the three eastern site options are compared in Table
G.22. These comparisons are all based on the concept of aquifer recharge with reclaimed 
water at Garsiz Farm. 

The costs are shown in summary form on Figures G. 11 and G. 12. The costs cover the
entire Masterplan period to 2020 and are based on the concept of aquifer recharge with 
reclaimed water at Garsiz Farm. 

Site 7A (Sahalnawt) is closest to the city and to the aquifer recharge site, and therefore has 
the lowest cost. Site 7B (Arzat) requires an increased length of about 1.5 km for both the
influent force main (1000 mm size) and the aquifer recharge force main (900 mm size).
Site 7C (Sha'a) requires an increased length of about 10.4 km for both force mains. 
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TABLE G.19 Components of Conveyance Scheme 7A to Sahalnawt WRP
 
Site
 

WADI 
oAFZAWTonDUS onlIAnj ZONEC ZONE A 
SITE (AFD SAHALNAWT 

FNZ~t~L 
RAYSU CI1YWEST CITY EAST0 

WASTEWATER RECLAMATION ZONE B SAHALNAWT 
SITE AT SAHALNAWT DHRZSITE 

1. Trunk Sewers (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.

(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
 

600 650 1500 2650 450 1850 
900 1850 
900 3200 
1200 3000 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 
400 6600 800 650 1000 7480 300 2670 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(MLA) (m) (MLd) (m) (MLd) (m) (MLA) (m) (MLd) (m) (MLd) (m) 

Raysut Khor Thet PS Haseelah PS Saada PS No. Dhariz Sahalnawt PS 
PS 

3.6 40 6.8 7 31.1 19 6.2 15 1.8 15 5.0 9 
Khor 	Sal'h Farms PS Arzat PS 

PS 
16.1 6 	 1.5 15 0.4 8 

4. Wastewater Treatment and Reclamation Plants 

Plant Site 	 Capacity (ML/d) in 2020 

Sahalnawt 37.9 
Wadi Qaftawt 4.7 
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TABLE G.20 Components of Conveyance Scheme 7B to Arzat WRP Site 

WADI 

WASTEWATEPRECLAMATION 
S*TE NEAR RAZAT FARM 

1. Trunk Sewers (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
 
(mm) (M) (mm) (M) (mm) (m) (mm) (m) (mm) (m) (mm) (M) 

600 650 1500 2650 450 1850 
900 1850 
900 3200 
1200 3000
 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
(mm) (M) (mm) (M) (mm) (M) (mm) (M) (mm) (M) (mm) (m) 
400 6600 800 650 1000 7480 300 2670 1000 1500 

3. Pump Stations 

Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(ML) (m) (MLd) (m) (MLd) (m) (MLd) (m) (MM) () (Md) (m) 

Raysut Khor Thet PS Haseelah PS Saada PS No. Dhariz Sahalnawt PS 
PS 

3.6 40 6.8 7 31.1 19 6.2 15 1.8 15 5.0 9 
Khor 	Sarh Farms PS Arzat PS 

PS 
1 16.1 6 	 1.5 15 0.4 8 

4. Wastewater Treatment and Reclamation Plants 

Plant Site Capacity (ML/d) in 2020 
Arzat 37.9 

Wadi Qaftawt 4.7 
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TABLE G.21 Components of Conveyance Scheme 7C to Sha'a WRP Site 

WAI
 
OAF TAWT INDUSTRIALE
 

SITET
 

RA~ TCITY W ST CITYEAST zf 

SITE 
WASTEWATERRECLAMATION 

SITEATSHAM(NEARSATELLITESTATION) 

1. Trunk Sewers (within a Zone or to next downstream Zone) 

Zone F Zone E Zone D Zone C Zone B Zone A
 
Raysut City West City East Saada Dhariz Sahalnawt
 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth.
 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
 

600 650 1500 2650 450 1850 
900 1850 
900 3200
 
1200 3000
 

2. Force Mains 

Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. Dia. Lgth. 
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) 
400 6600 800 650 1000 7480 300 2670 1000 10400 

3. Pump Stations 

*AvgQ Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head Avg Q Head 
(Md) (m) (MLd) (m) (MU) (m) (MLd) (m) (MLd) (m) (MI) (m) 

Raysut Khor Thet PS Haseelah PS Saada PS No. Dhariz Sahalnawt PS 
PS 

3.6 40 6.8 7 31.1 19 6.2 15 1.8 15 5.0 9 
Khor Sal'h Farms PS Arzat PS 

PS 
16.1 6 1.5 15 0.4 8 

4. Wastewater Treatment and Reclamation Plants 

Plant Site Capacity (ML/d) in 2020 
Sha'a 42.6 
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TABLE G.22 Cost Comparison of Alternative Eastern Sites 
COSTS IN MILLION RIALSReclamation Plant Site Cost ost [ Psent-WorthI Component I Cost I in 2020 * Cost 

7A Saalnawt Site Conveyance 8.13 0.48 6.21Aquifer Recharge 2.92 0.24 2.51 
Subtotal 11.05 0.72 8.72 

Percent of Lowest 100% 100% 100% 

7B Arzat Site Conveyance 8.74 0.48 6.58Aquifer Recharge 3.56 0.25 2.95
Subtotal 12.30 0.73 9.53

Cost Increase 1.25 0.01 0.81
Percent of Lowest 111% 101% 109% 

7C Sha'a Site Conveyance 12.35 0.50 9.03Aqu-.f'Gr Recharge 5.57 0.26 4.31 
Subtotal 17.92 0.76 13.34

Cost Increase 6.87 0.04 4.62
Percent of Lowest 162% 106% 153% 

ELEMENTS INCOMMON Treatment 26.47 0.88 14.47 
Collection 23.90 0.31 10.32
Subtotal 50.37 1.19 24.79 

TOTAL MASTERPLAN COSTS Million Rials7A Sahalnawt Site 61.42 1.91 33.517B Arzat Site 62.67 1.92 34.327C Sha'a Site 68.29 1.95 38.13 



70 Figure G.11 Capital Costs of Site Options (Million Rials) 
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40 Figure G.12 Present Worth Costs of Site Options (Million Rials) 
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The differences between the sites are summarised in Table G.23. Site 7A (Sahalnawt) is
preferable to Site 7B (Arzat) because of its combined, although marginal, environmental 
and economic advantages. In relation to Site 7A, Site 7C has a much higher cost,
amounting to an increase of about 20 percent of the combined conveyance, treatment,
recharge and disposal costs, or 32 percent of the treatment plant cost. It has no significant
environmental benefit over Site 7A but is environnientally preferable to Site 7B. 

The cost of using Site 7C (Sha'a) would also exceed that of using the Wadi Daha site 
(under Conveyance Scheme 2) by about 6 percent of the system cost. An environmental 
comparison of the Wadi Daha and Sha'a sites is presented in Chapter 7. 
The Consultant has been given to understand that the final siting decision is now under 
consideration and is imminent. 

G.17.5 Conclusion 

From a technical and environmental point of view, the site designated as 7A, at Sahalnawt, 
is preferred. However, it is understood to be not available for this purpose. 

In this case, sites at Sha'a and Wadi Daha are feasible alternatives, but both have
substantial cost disadvantages, especially that at Sha'a. It is understood that this issue is 
now out of the hands of the Consultant. 
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TABLE G.23 Comparisonf Scheme 7 Site Alternatives 
FEATURE SAHALNAWT (SITE 7A) ARZAT (SITE 7B) SHA'A (SITE 7C) 

Prevailing wind South South South 
North neighbour 
East neighbour 
South neighbour 
West neighbour 

Proposed :-xpressway, 130 In 
Private agricultural plot, 140 m 

Sharia Qaboos, 100 in 

Graveyards (100 m) and Wadi 

Sharia Qaboos, 150 n 
Razat Farm, 150 n 

Open land and beach 
Prison, 210 m 

Shana Qaboos, 100m 
Tomb of Hood bin Abid, 450 in 

Open land and beach 
Satellite Station, 100 in 

Access and utilities Easy asy but 8.5 km out of town 

Other features To be concealed from public 
and neighbours by a 100 m 
barrier of trees and shrubs. 

To be concealed from public 
and neighbours by a 150 m 
barrier of trees and shrubs. 

350 m separation from MOD 
land. 

Screening by trees is possible 
if necessary 

Comparative costs: 
Present worth 
costs of conveyance, 
treatment, recharge 
and disposal
(RO million) 23.2 24 27.8-

Percent extra cost -- 3.5 19.9 

Environmental ranking 
Cost ranking 
OVERALL RANKING 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __i ii~:iiii! !~ll:! i !li!i :iiiii .4 

1 
1 
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H.0 ENVIRONMENTAL AND RELATED ISSUES
 

H.1 	 Relevant Authority for the Conservation of Environmental Resources
 
and the Prevention of Pollution
 

The Law on the Conservation of Environment and the Prevention of Pollution (Royal
Decree 	10/82) represents the encompassing environmental law in the Sultanate of Oman. 
Decree 	10/82 defines the environment to include without limitation air, water, soil, land 
life, marine life, the different food, mineral and chemical resources, energy sources, and 
the different social factors. Further, the decree defines environmental pollution to mean 
physical, chemical, or biological materials or factors that, discharged into the environment,
induce 	deterioration of the quality of the environment, sensitive resources within the 
environment, or the quality of life associated with the environment. 

The Decree authorises the establishment of the Council for the Conservation of 
Environment and Prevention of Pollution with the following mandated authority: 

o 	 Issue regulations necessary for implementing the law; 

" 	 Establish, administer, and operate a central laboratory and network for the purpose 
of monitoring environmental quality; and 

o 	 Prepare reports on the status of pollution levels, specifications for the work place,
identification of protected areas and cultural heritage sites. 

Subsequent to the promulgation of the Decree, the Ministry of Environment (MOE) was 
created to oversee environmental compliance and establish environment guidance for 
planning, including infra-structure projects such as water supply and wastewater facilities. 

H.1.1 	 Decrees and Ministerial Decisions 

H.1.1.1 Environmental Resources 

Resources categories defined in Decree 10/82 include the following: 

S 	 'The physical components of the environment (air, water, soil, mineral and chemical 
resources; energy resources such as wood, coal and oil materials; non-traditional 
energy sources such as sun, wind, water and nuclear materials); 

" 	 Natural resources (plant life, wildlife, animal life, including marine fishes,
freshwater and brackish water aquatic life, reptiles, birds and mammals, their 
habitats including sensitive and vulnerable species and areas); and 

o 	 Social resources (aestethics, educational resources, archaeological resources and 

cultural resources). 

H.I.I.2 Physical Resources 

Decree 10/82 stipulates that air quality is to include the work place and recreational areas. 
MOE Ministerial Decision No. 5/86, entitled "Regulations for Air Pollution Control for 
Stationarv Sources," stts forth the regulatory process that addresses both air quality and 
noise pollution. Article' Ill of the Decision specifies that the owner of any site shall use the 
"Best Practicable Means" to the satisfaction of the Ministry in order to: 

0 	 Prevent the emission of noxious or offensive substances fiom the site, either directly 
or indirectly; and 
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o Render harmless or inoffensive such substances as are necessarily discharged.
 

Appendix I of the Decision identifies the types of sources and substances considered in the
 
regulation. These are shown in Table H. 1.
 

TABLE H.1 Sources and Types of Pollution Substances
 

Source 	 Pollution Substances 

Aggregate Works 	 Minerals, metallurgical slags, grit and dust 
Asbestos Works Raw asbestos, blended products with asbestos as
 

asbestos cement and asbestos cement
 
pipe


Asphalt Works 	 Bitumem to coat aggregate
Cement Works Cement clinker and dust
 
Ceramic Works Lime-sand bricks and refinery good&i
 
Copper Works Copper ores and refinery materials
 
Incineration Works Organic chemical waste containing hydrocarbon
 

chlorides and fluorides, phosphorus, 
nitrogen, sulur
 

Lead Works Lead, dust, fumes
 
Lime Works Calcium carbonate compounds burned by fuels
 
Petroleum Crude 	 petroleum and bulk storage petroleum
 

products

Power Plants Noxious oxides from the burning of fuel
 
Isocyanate Works Partly polymerized and leakage ofdi-isocyanates
 

The Appendix also includes the following list of noxious substances: 

o 	 Arsenic or its compounds 

o 	 Asbestos 

o 	 Carbon monoxide 

o 	 Fluorine, chlorine, bromine or their compounds 

o 	 Fumes or dust containing aluminium, arsenic, cadmium, calcium, chromium, 
copper, lead, magnesium, potassium, silicon, sodium, zinc; or their compounds 

o 	 Hydrocarbons or their compounds 

o 	 Fumes or vapours from petroleum works, or asphalt works 

o 	 Hydrogen sulphide 

o 	 Nitric acid or oxides of nitrogen 

o 	 Ozone 

o 	 Smoke, grit or dust 

o 	 Sulphuric acid or sulphur trioxide 

o 	 Sulphurous acid or sulphur compounds 

o 	 Volatile orgaaic sulphur compounds 
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o Di-isocyanates 

This list is not exclusive and other substances may be regarded by the Ministry as noxious 
or causing environmental problems. Fugitive dust, for example, emanates from a wide 
variety of sources and activities. The Ministry reserves the judgement of visual assessment 
at the discretion of its authorised representative. 

MOE has issued the following standards for air quality emissions (Table H.2). At present 
there are no official air quality criteria zones established in the Dhofar region. 

Decree 10/82 defines water resources to include fresh water, semi-salt water, and economic 
sea waters. A number of Ministerial Decisions including standards affecting water quality 
have been established and are overseen by MWR with contingent resource management
with MOE. The potable water quality standards are included in Tables H.3 and H.4. 
There are also established standards for the treatment of potable water supplies as shown in 
Table H.5. 

H.1.1.3 Natural Resources 

Natural resources include any type of plant and animal life, or sea life inhabiting coastal or 
economic waters of the Sultanate of Oman. In order to protect wildlife, notice has been 
promulgated that "[iln order to comply with the instructions of His Majesty the Sultan on 
the conservation of wildlife of Omani environment, the Diwan of Royal Court would like to 
announce to all Omanis and non-Omanis resident in Oman, that the deers and the rare birds 
and other wild animals are considered as national wealth and their hunting is therefore 
strictly prohibited." 

TABLE H.2 Air Quality Emission 

Substance 
Silt and dust 
Particulates 
Crocidolite asbestos 

Chrysotile and amosite asbestos 

Metal particulates 
Bituminous particulates 
Total particulates 
Cement particulates 
Cadmium compounds, as cadmium 

Lead or its compounds, as lead 

Hydrogen chloride 
Oxides of nitrogen, calculated as nitrogen dioxide 
Phosphorus compounds, calculated as 
phosphorus pentoxide 
Hydrogen sulfide 
Total inceneration particulate 
Particulates from kiln emission or lime slaking 
Ancillary lime works particulates 
Carbon monoxide 
Sulphur recovery units 
Particulates from coal and oil firing 

Volatile di-isocyanates 
Particulate di-isocyantes 

Standards 

Standardor Criteria 
0.050 gm/cm
0.050 gm/cm 
< 0.2 fibres/ml over a period of not less than 10 
minutes 
not to exceed 0.5 fibres/ml within a 10 min. 
period of 3 periods averaged over a 4 hrs.; no 
period to exceed 12 fibres/ml
0.050 gm/cm 
0.030 gm/cm 
0.050 gm/cm 
0.100 gm/cm 
0.020 gm/cm with the mass emission rate from 
the site not to exceed 1.0 kg/hr
0.030 gm/cm with the mass emission rate from 
the site not to exceed 3.0 kg/hr
0.200 gm/cm 
0.200 gm/cm 
0.050 gm/cm 

5 ppm vol./vol. ratio 
0.100 gm/cm 
0.100 gm/cm 
0.050 gm/cm
 
5 ppm vol./vol. ratio
 
Minimum of 95% efficiency
 
0.100 gm/cm. reference conditions of 12% 
carbon dioxide 
0.1 ppm vol./vol. ratio 
0.001 gm/cm 
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TABLE H.3 Water Quality Standards for Potable Water 

Physical properties: 	 Water shall, in general, be colourless, tasteless, 
odourless and free of turbidity 

Chemical properties: 
Substance Maximum Permissible Level 

(mg/1)
Leal 0.10 
Selenium 0.01 
Arsenic 0.05 
Cadmium 0.0I
 
Cyanide 0.05
 
Mercury 0.001
 

Chemicals that have special effects Maximum Permissible Level 
on health 	 (mg/) 

Fluoride 0.8 
Nitrate 45.0 

TABLE H.4 Chemicals That Effect the Suitability of Water for 
Domestic and Drinking Purposes 

Highest Desirable Maximum
Substance LevelI Permissible Level 

(mg/l) 	 (mg/l) 

Total Dissolved Solids 500 	 1500 
(TDS) 

Copper 0.05 1.5 
Iron 0.1 1.0 

Magnesium 	 Not more than 30mg/I if there 150 
are 250mg/I or more of 
sulphate, not more than 
150mg/l if less than 250 mg/I 
of sulphate 

Manganese 	 0.05 0.5 
Zinc 	 5.0 15 
Calcium 	 75 200 
Chloride 200 600 
Sulphate 200 400 

Phenolic compounds (as 0.001 0.002 
phenols) 

Total hardness 100 500 
pH range 7.0 to 8.5 6.5 to 9.2 
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TABLE H.5 Bacteriological Properties 

Treated Water 	 Underground Water 
No sample shall contain Escherichia coli Minimum residual chloride should not exceed 
(E.coli) in 100 ml. the range of 0.2 to 0.5 mg/I.


No sample shall contain Escherichia coli
 
(E.coli) in 100 ml. 

No sample shall contain 10 coliform
 
No sample shall contain 10 coliform organisms in 100 ml.
 
organisms in 100 ml.
 

Throughout any year, 95% of the samples

examined should not contain any coliform
 
organisms in 100 ml. I
 

Royal Decree 52/88 empowers the MOE with the responsibility of nature conservation in 
the Sultanate. Conservation management is delegated to the MOE, (through its Department 
of Wildlife and Nature Conservation Areas) and Ministry of Agriculture and Fisheries, with 
cooperative participation among other resource, planning, and policy agencies, including 
CCEPP, PCDEGD, MCI, MNHC, MOH, MPM, the Office of the Minister of State and 
Governor of Dhofar, Royal Oman Police and Customs, and other relevant agencies. 

The Ministry of National Heritage and Culture (MNHC) issues the list of Omani 
endangered species (Ahmed Bin Ali Bin Saleh AI-Sheriyani, MOE Acting Director of 
Environmental Affairs, personal communication). The endangered species are listed in 
Tables H.6 and H.7. 

H.1.2 	 Social Resources 

The tradition and culture of Oman are regarded as part of the national wealth. With respect 
to resource conservation, protection is mandated through Royal Decree 10/82. 

H.1.2.1 Cultural and Archaeological Resources 

Royal Decree 69/81 is an endorsement of the Sultanate's approval of the Agreement for the 
Protection of International Culture and Natural Heritage. The Agreement, known as "The 
Convention Concerning the Protection of the World Cultural and Natural Heritage" was 
adopted by UNESCO and came into force 17 December 1975 (Lyster, 1985). 

The Ministry of National Heritage and Culture was established by Royal Decree 6/80,
"Law on the Proiection of National Heritage", and Royal Decree 10/82 as the regulatory 
agency for cultural and archaeological resources. Their responsibilities include the 
following: 

o 	 Issue regulations necessary for implementing the law; 

" 	 Prepare reports and conduct investigations and studies of the cultural and 
archaeological resources of the Sultanate; and 

" 	 Coordinate and advise the MOE on matters involving ihe identification of protected 
areas and cultural heritage sites. 

Social factors refer to general education, cultural education, health care, security, shelter, 
and other factors which govern the patterns of human behaviour. 
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TABLE H.6 Oman Endangered Wildlife Species List 

Scientific Name 
Mammals Acinonys jubatus 

Capra ibex nubiana 
Caracalcaracal 
Gazella gazella cora 
Gazella subgutturorsa 
marica 
Hametragusjayakari 
Megaptcra nova angliae 
Oryx leucoryx 
Patherapardus nimr 

Birds Aquila chrysaetos 
Bulweria fallax 
Ciconia ciconia 
Clamydotis undulata 
macqueenii 
Falco concolor 
Pandionhaliaetus 
Phalacrocoraxnigrogularis 
Siernadougallii 
Sterna rep essa 
Sula dactylatra melanops 
Torgos tracheliotus 

Reptiles Carettacaretta 
Chelonia mydas 
Dermochelys coriacea 
Eretmochelys imbricata 
Lepidochelys olivacea 

Amphibians Nil 
Fish Gara barreimiae 

Garalongippinis 
Mollusks Acteon closisece 

Cypraea moneta 
Cypraeaannulus 
Haliotis mariae 
Tridacna maxima 
Trochita dhofarensis 

Crustacea Palinurushoinarus 
Insects Cyclopternacrisomanica 

Dhofaria splendens 

Note: 

Common Name Status 
Cheetah E/R 
Nubian Ibex E/O 
Caracal E/O 
Arabian Gazelle E/O 
Sand Gazelle (Rhim) E/O 

Arabian Tahr F/H 
Humpback Whale EiI 
Arabian Oryx E/I 
Arabian Leopard F/O 
Golden Eagle E/R 
Jouanin's Petrel E/R 
White Stork E/R 
Houbara F/O 

Sooty Falcon E/R 
Osprey E/R 
Socotra Cormorant E/R 
Roseate Tern E/R 
White-cheeked Tern E/R 
Masked Booby E/R 
Lappet-faced Vulture E/R 
Loggerhead Tutle E/O+P 
Green Sea Turtle E/O+P 
Leathery Sea Turtle E/O+P 
Hawksbill Turtle E/O+P 
Olive Ridley Sea Turtle E/O+P 

E/R 
E/R 
E/R 
E/R 
E/R 
E/K 
E/R 
E/R 

Spiney Lobster E/O 
Grasshopper species E/R 
Uyun Grasshopper E? 

Status: _/R -endangered/rare; F/H - endangered/habitat loss; E/I -endangered/re-introduced to Oman; E/0 
endangered/over-exploited species; and E/P- endangered/loss due to predatory pressure.
 
Source: Ministry of National Heritage and CultureEnvironmental Affairs, 1991.
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TABLE H.7 Oman End angered Plant Species List 

Scieutific Name Common Name Status
 
Plants Adansoniadigitata Baobab E/S
 

Avicennia marina Mangrove E/S
 
Boswellia sacra 	 Frankincense E/S 
Campanulaakhdarensis 	 E/E 
Campylanthuschascaniflorus 	 E/E 
Campylanthussedoides 	 E/E 
Ceratonia o. oreothauma 	 E/R 
Ceratonia o. oreothauma 	 E/E 
Dicanthiummicranthus 	 E/E 
Dracaenase-rulata Dragon Tree E/S 
Haloduleuninervis Common Sea Grass E/S 
Halophilaovalis 	 E/S 
Hybanthusdurus 	 E/E 
Hyocyamus flaccidulus 	 E/E 
Hyocyamus spp. 	 E/E 
Jatrophadhofarica 	 E/E 
Kleinia saginata 	 E/E 
Lavandulad. dhofarensis 	 E/E 
Lavanduladhofarensisayunensis 	 E/E 
Lavendula hasikensis 	 E/E 
Morettia asperrima 	 E/E 
Ochradenus harsusiticus 	 E/E 
Polycarpaeaspp. 	 E/E 
Polygala mascatensis 	 E/E 
Publicariao. omanensis 	 E/E 
Publicariaomanensis milleri 	 E/E 
Rytidocaulonfulleri 	 E/E 
Salvia hillcoatian 	 E/E 
Schweinfirthiaimbricata 	 E/E 
Schweinfurthiaspinosa 	 E/E 
Stipgrostismasirahensis 	 E/E 
Thalassiahemprichii Sea Grass E/S 
Trichodesma cardiosepalum E/E 

Algae Ecklonia radiata Sea algae E/R 

Note: 
Status: E/E - endangered/endemic species; EIR - endangered/rare; and E/S -endangered/species of special 
concem. 
Source: Ministry of National Heritage and Culture/Environmental Affairs, 199 1. 

H.1.2.2 Public Health 

The MOE, Department of Health Affairs, maintains records on public health and executes 
the disease prevention protocol including the control of communicable water-borne 
diseases. The basis of its authority is derived form Decree 10/82 and subsequent Decrees 
discussed above. Among the duties of the Department are the following: 

" 	 Conduct water quality analyses of the public water supply for the presence of 
coliforms, BOU, and other biological parameters; and 

" 	 Investigate public health threats and the control of communicable disease vectors, 
such as the spraying of mosquitoes, testing of khor waters for pathogenic 
contamination, and the poisoning of bilharzia-bearing snails in the various springs. 
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H.1.2.3 Land Use 

The Planning Committee for Development and Environment of the Southern Region
(PCDEGD) has designated a number of exclusionary areas in Dhofar, including nature 
reserves, scenic areas and recreation areas. Ministerial Decision 2/90 established 
regulations under the authority of Decree 10/82, for "Coastal Set-back (Buffer) Zones." 
The objective of the Decision is to conserve ecological, recreational, cultural and scenic 
resources identified with the Salalah coastline. Coastal set-back zones are to be specified
under the following considerations: 

o 	 Urban development limits along the Oman coast; and 

o 	 To enable the public to use the coast and to benefit from it except in areas 
designated for specific uses. 

The Ministry of Housing (MOH) is responsible for the specification of set-back zones with
coordinating input from MOE and the Ministry of Commerce and Industry (MOCI). No 
licence should be issued for the construction of any tourist project on the coast until 
necessary studies involving coastal erosion, natural factors, and planning have been 
completed. Articles 5, 6 and 7 of the Decision address the physical boundary guidelines as 
follows: 

o The zones along the coast would be specified with horizontal measurements from 
the maximum points of the tidal cycle; 

o 	 The traditional boundaries of zones should be considered by the MOH in 
coordination with MOE; and 

" 	 Open and undeveloped coastal areas having good scenic value shoul have a 
setback of 300 m. No project should be established within these setback zones 
without approval of MOH and MOE. 

H.1.3 	 Environmental Pollution 

The laws and traditions of Oman give top priority to water supply for domestic use and 
secondary priority to agricultural and industrial uses. The laws and traditions further 
specify regulatory compliance with regard to preservation of the environment and
adherence to established health and safety standards. Decree 10/82 establishes the 
following: 

o 	 Technical Secretariat of the CCEPP Council shall provide reports on the following: 

- Pollution levels appropriate to the Omani environment. 
- The Omani environment may not be used to dispose of pollutants of the types

and in quantities which may lead to disturbances in its normal balance, to its 
natural resources, to protected areas or to the historical and cultural heritage. 

" 	 Safe areas, determined by the Council, may not be used for any purpose which 
leads to contravention of the provisions of the law; 

o 	 Degree of environmental pollution may not exceed levels determined by the 
Council; 

o 	 Disposal of environmental pollutants is forbidden by an owner other :han within 
limits determined by the regulations; 

H-8
 



o Project must obtain a licence from the Council that it is "environmentally sound". 
Application for the licence must be submitled to the Technical Secretariat along with 
an Environmental Impact Statement. 

H.1.3.1 Sources 

MOE Ministerial Decision 5/86, established under authority of Decree 10/82, has three 
parts that pertain to source pollution and preventive guidelines: 

o Regulations for External Building Drainage (including drainage to sewers); 

o Regulations for Septic Tanks and Holding Tanks; and 

o Regulations for Wastewater Reuse and Discharge. 

MOE Ministerial Decision 8/84 establishes "Regulations for the Disposal of Liquid
Industrial Waste." In compliance with Decree 10/82, the objective of the regulations is to 
conserve wildlife and marine life, and to piovide a healthy environment and promote the 
social welfare of the citizenry. Standards are shown in Table H.8. 

H.1.3.2 Disposal 

Regulations concerning the disposal of liquid waste into the marine environment have been 
established in CCEPP Decision 7/84. The Decision specifies that a "Consent to Discharge"
Permit is needed. No application for disposal of liquid effluent will be accepted by the 
CCEPP without prior consideration of the regulations governing reuse of wastewater 
effluents. CCEPP Decision 7/84 prohibits the disposal of the following liquid waste into 
the marine environment: 

o Pesticides, herbicides, or insecticides; 

o Radioactive elements; 

o All materials produced for biological and chemical warfare; and 

o Any other materials or compounds which the Council determines to be deleterious 
to the marine environment. 

Other materials that may be visibly objectionable in the water or on beaches, cause 
objectionable odours, or interfere with the natural vitality of the marine life and concomitant 
habitat are prohibited. 

Further, liquid effluents proposed for disposal to the marine environment must be pre
treated or otherwise meet the "Standards for Disposal of Liquid Effluents to the Marine 
Environment" included in Tables H.9 and H.10. 

Wastewater reuse and discharge are also covered under Ministry of Water Resources 
regulations, as shown in Table H. 11. 

In conjuction with standards for wastewater reuse or discharge to the environment, the 
regulations list standards for the disposal of sewage sludge shown in Table H.12.as 
Sludge disposal also requires a permit as called for tinder the regulations for wastewater 
reuse and discharge. 
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TABLE H.8 Criteria for Drainage of Liquid Waste to the Public 
Sewage Works for Treatment 

Scale Criteria - Not Exceeding 
Hydrogen number 6- 10 
Colour Non-resistt it 
BOD-5 day 1000 mg/I
COD-5 day 1500 mg/I
Temperature 43 degrees Centigrade
Insolubles, ;.e.conglomerates 1000 mg/I 
Total amount of solid soluble 3000 mg/I 
Grease and oil 30 mg/I
Sulphide (as ions) 3 mg/l
Sulphate (as ions) 500 mg/l
Phenols 5 mg/I 
Cyanide I mg/I
Detergents (capable of vigorous decomposition) 30 mg/l 
Caustic alkali (calcium carbonates) 3000 mg/I
Total amount of toxic minerals 10 mg/I
Aluminium J0 mg/I
Arsenic I mg/l
Barium 10 mg/I
Beryllium 5 mg/I
Cadmium 2 mg/I
Total chromium 2 mg/I
Copper I mg/I
Iron 5 mg/l
Lead 2 mg/I
Mercury 0.1 mg/l
Nickel 2 mg/I 
Silver 0.01 mg/l
Zinc 2 mg/l 
Calcium carbide Imperceptible 
Radiation material Imperceptible 
Yeast, sugar, crude tar, crude oil, hydrogen Imperceptible
sulphide, & polysulphides 
Petroleum spirit, inflammable solutions, gases, or Imperceptible 
solid matter 
Unpolluted water from buildings and condensation Imperceptible 
from refrigeration 
Insecticides, weed killer, pesticides and fungicides Imperceptible 
Any matter (either on its own or jointly with any Imperceptible
other matter allowed into sewage) which might 
male the liquid waste become harmful or in 
particular result in the normal techniques for th: 
treatment of that refuse becoming difficult to use I 
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TABLE H.9 Quantitative Standards for Disposal of Liquid

Effluents Into the Marine Environment
 

Parameter Maximum permissible level 
(mg/l) 

Ammonia as nitrogen 40.0 
Arsenic 0.05 
BOD-5 day 30 
Cadmium 0.05 
Total chlorine 2.50 
Chromium 0.5 
Copper 0.5 
Cyanide 0.1 
Grease and oil 5.0 
Iron 2.0 
Lead 0.10 
Merury 0.001 
Nickel 0.10 
Phenols 0.10 
Phosphates 0.10 
Seler m 0.02 
Silver 0.005 
Sulphide 0.10 
Suspended solids 30 
Zinc 0.10 

TABLE H.10 Quantitative Stundards for Disposal of Liquid Effluents 

Substance Maximum Permissible Level 
pH 6-9 

Turbidity 75 JTU 
Fecal coliforms 100 MPN/100ml (80% of samples) 

Fecal Streptococci 100 MPNi100ml 
Salmonella Non-detectible MPN/litre 

H.1.4 USAID Environmental Procedures 

The Water and Wastewater Masterplan for Salaiah is being prepared as part of U.S. AID 
Loan/Grant No. 272-0104, including the Fourth Amendment thereto dated 30 September
1990. This agreement, administered by the Omani-American Joint Commission covers 
Water Resources Development Projects. At the time that the Project Paper was submitted 
in July 1986 to the Bureau for approval, it was stated that "The project has been reviewed 
by the ANE Environmental Coord'nator who participated in drafting the analysis of the 
project. Adequate provisions have been incorporated into the project to assure that it will 
comply with requirements of 22 CFR 216, A.I.D. Environmental Procedures." 

The Project Paper's analysis of the proposed Water Resources Development Project, of 
which the Water and Wastewater Masterplar. for Salalah is but one component (although 
one whose design was not originally included in the Project Paper), stated that, "the 
proposed project has been developed to include environmental and social analyses as an 
integral part of the design and implementation of each subproject. Implementation of the 
project is anticipated to have significant positive impacts on the environment thiough the 
improved management of water resources, enhanced ability to protect water quality and the 
establishment of a coordinated approach to the provision and upgrading of water and 
wastewater services. Social impacts and beneficiaries will be widespread as the project 
improves water and sanitation services and increases long-term water availability for all 
Gmanis working and living in the project area. It is important to note that the project 
provides for a variety of types of activities which will support the institutional and human 
resource.; development of environment and natural resources management organisations." 
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TABLE H.11 Regulations foi Wastewater Reuse and Discharge 

Limits (not greater than) 

Physical 
Total Dissolved Solids 

Total Suspended Solids 

Turbidity (NTU) 

Chemical 
Aluminiunt 
Ammonia as nitrogen

Arsenic 

Barium 

BOD-5 day 

Boron 
Cadmium 

COD-5 day 

Chloride 

Chlorine, free residual 


(ater 60min., contact)
 
Chromium 

Cobalt 

Copper 

Cyanide 

Dissolved oxygen 

Fluoride 
Iron 

Lead 
Lithium 

Magnesium 

Mercury 
Molybdenum 
Nickel 
Grease and oil 
pH 
Phenols 
Phosphorus (total) 
Selenium 
Sodium 
Sulphate 
Sulphide 
Organic nitrogen (Kjeldahl) 
Total nitrogen 
Total Organic Carbon 
Vanadium 
Zinc 
Bacteriological 
Total coliforms (MPN/100ml) 
Viable Pathogenic Ova and Cysts 

Standard 
Monthly 

Maximum Average 

1500 	 1000
 
15 	 10
 
5 	 2
 

5 	 1
 
5 	 1
 

0.2 	 0.05
 
2 1
 

15 	 10
 
2 1
 

0.03 	 0.01 
100 	 50
 
350 	 250
 

.5 minimum .5 minimum 

0.5 	 0.1 
0.5 	 0.1 
0.3 	 0.2 
0.1 	 0.05 

2.0 	minimum 2.0 minimum
 
2 1
 
5 	 1
 

0.5 	 0.1 
10 2.5
 
150 30
 
0.005 	 0.001 
0.05 	 0.01 
0.5 	 0.2 
5 2
 

6 to 9 6 to 9
 
1 	 0.1 

30 	 20
 
0.05 0.02
 
200 70
 
400 200
 

0.1 0.05
 
10 5
 
50 	 30
 
50 	 20
 

1 	 0.1 
5 	 2
 

23 2.2
 
None detectible None detectible
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TABLE H.12 Regulations for Sludge Disposal 

Parameter Limits (not greater than) 
(in grams per ton) 

Cadmium 30 
Chromium 1000 
Cobalt 100 
Copper 1000 
Lwl 1000 
Molybdenum 20 
Nickel 200 
Zinc 1000 

Based on discussions held in Oman in 1985 between the Bureau Environmental 
Coordinator and Social Science Advisor and representatives of the MOE predecessor 
agency, the Ministry of Environment and Water Resources, it was planned that Omani 
Environmental Impact Statement preparation procedures including issuance of No 
Environmental Objection certificates under Royal Decree No. 10/82 would be substituted 
for those of 22 CFR 216 "A.I.D. Environmental Procedures" for the purpose of 
implementing all subprojects of the OAJC Water Resources Development Project except for 
one subproject, the Capital Region Water and Wastewater Masterplan. 

The adoption of this general approach was authorised by the Bureau Environmental 
Coordinator based on provisions of Section 22 CFR 216.9 which state that "concise 
reviews of the environmental issues including summary environmental analyses or other 
appropriate documents" may serve as a substitute for an Environmental Assessment (EA). 

On the basis of this determination, the Near East Bureau Environmental Coordinator 
delegated to the OAJC Environmental Officer the authority to issue A.I.D. environmental 
clearances for activities subject to preparation of standard documentation through 
Environmental Impact Statement - Form L for Infrastructure Projects under Omani Royal 
Decree No. 10/82. 

The Tender Document for Consultancy Services for the Water and Wastewater Mastcrplan
for Salalah, was prepared by the Dhofar Municipality with the assistance of the OAJC and 
envisioned the possibility that a marine outfall to discharge Salalah's treated effluent to the 
Arabian Sea might be one of the recommended Masterplan alternatives for effluent 
disposal. It therefore introduced the possibility that a 13-month marine environmental field 
study would be required at each potential outfall disposal site in accordance with Omani 
Ministerial Decision No. 7/84. The inclusion of the marine disposal alternative for treated 
wastewater effluent disposal would also trigger preparation of an EIS rather than an EA 
under USAID environmental procedures. 

The USAID environmental procedures are contained in 22 CFR Part 216 and further 
explained in Agency's Handbook 3, Appendix 2D. As specified in 22 CFR 216.2.d, either 
an EA or an EIS, is required for potable water supply and wastewater t.eatment projects, 
except for "small scale" projects. The determination of whether an EA or EIS is required is 
based on the scope of the project, and the preparation of an Initial Environmental 
Examination (lEE) to make a threshold decision on whether a proposed agency action 
significantly affects the environment, along with a determination by USAID's Near East 
Bureau Environmental Coordinator and the Bureau General Counsel indicating their 
concurrence with the findings of the lEE. An EA is defined as "a detailed study of the 
reasonable foreseeable significant effects, both beneficial and adverse, of a proposed action 
on the environment of a foreign country..." (22 CFR 216.c.4). An EIS must be prepared 
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"... with respect to actions ... significantly affecting the environment of the global
commons outside of the jurisdiction of any nation (e.g., the oceans)." (Executive Order 
12114, Regulation 16 and 22 CFR 216.1.a). 

Since the Water and Wastewater Masterplan for Salalah was not specifically discussed in
the Project Paper, it provides no clear guidance regarding whether the Masterplan projectwould require an EA or an EIS. Since the present plan does not include a marine outfall 
effluent discharge alternative an EIS would not appear to be necessary. The Project Paper
also does not mention Article 14 of Royal Decree No. 10/82 and the fact that MOE does not
require a ccmpleted Environmental Impact Statement - Form L and N.E.O. certificate at the
Masterplan preparation stage. It is also not clear that an EA is required under A.I.D.
environmental procedures at this project stage as generally an EA is prepared only when
USAID commits funding to the engineering design and construction of a specific water
supply and/or wastewater treatment facility project recommended by a feasibility level 
Masterplan, rather than for the Masterplan study itself. 

It should be recognised that no formal cnvironmental scoping sessions have taken place
during the Masterplan preparation process and the other elements of the scoping process
have also noi been carried out. However, Chapter 7.0 of the Final Masterplan Report and
its Appendix H have been prepared in order to partially satisfy the requirement for an EA if
it is deemed necessary, as well as to document that the Consultant has provided an
appropriate level of environmental review and analysis in the preparation of the Masterplan.
This would be consistent with the status of the environmental review compliance of the
Masterplan project with Omani MOE regulations. Any additional documentation required
by USAID could be prepared at the same time that the Consultant prepares the Omani Form
L, requests for an N.E.O. certificate and appropriate permits early in the implementation
stage of the Masterplan facilities. It is recommended that the OAJC Environmental Officer 
request a decision by the Bureau Environmental Coordinator on this issue at the earliest
opportunity to ensure full compliance with USAID environmental procedures. 

H.2 Areas of Environmental Significance 

Decrees and Ministerial Decisions emanating from Decree 10/82 	specify regulatory
compliance with regard to preservation of the environment and adherence to established
health and safety standards. Under this mandate, the environmental issues relating to
Masterplan development have been investigated with the objective of setting priority of
sensitivity. Environmental resources that are located in protected areas have already been
considered of great value. These areas then have a higher priority than areas subjected to
intense human encroachment. Likewise, public health conditions warrant attention.

Cultural resources and heritage sites also ,iave significance and are therefore of concern.
 

H.2.1 Procedures and Methods 

It has been established that regulatory standards and guidaitce apply to the conservation of
environmental resources. The methodology used to develop criteria for the general
assessment of Masterplan components included the following steps: 

o 	 Review regulations and guidelines 
o 	 Contact the Ministry of Environment whose cX-cisions are binding on the 

conservation of environmental resources 
o 	 Retrieve pertinent resource data 
o 	 Identify the sensitive environmental and social issues 
o 	 Conduct field surveys and investigations relative to resources and sites for 

Masterplan facility locations 
o Develop resource sensitivity structure (geographical and functional characteristics)
o 	 Coordinate with Project Team and Technical Committee on key findings and impacts

so that Mas!'erplan component layout and processes can be adjusted to avoid
environmental impact and reduce pollution of the environment 
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o 	 Develop criteria for assessing the relative environmental consequences of Masterpla 
alternatives. 

MOE, PCDEGD, MAF/Range Research Centre, and the Ministry of National Heritage and 
Culture were consulted on their concerns and issue priorities. From these contacts the 
following resource and issues categories were identified and investigated: 

o 	 The public health setting with respect to wastewater development; 
o 	 The distribution of Jerbeeb settlements and the location of proposed facilities; 
o 	 Ecologically sensitive areas, including khors, wadis and springs, wetland habitat, 

riparian woodland, littoral habitats; 
o 	 Rangelands and Jebel woodland; 
o 	 Recreational areas including demarcated areas and beaches; 
o 	 Archaeological sites, including protected sites and known burial grounds and old 

mosques. 

Field visits to various areas identified with the resource and issue categories in the Salalah 
region were conducted for the purpose of investigating actual conditions. A team of 
personnel consisting of staff from MOE and PCDEGD, plus the project environmental 
specialist visited the major spring- and khors in the project area. The environmental 
specialist also surveyed ecological community-types of the Salalah Plain and Jebel Al Qara 
primarily along the main road network from Raysut to Mirbat and northward to Qairoon 
Hairitti. Field visits to a number of archaeological sites and potential heritage resources 
areas in the vicinity of Salalah and Raysut were conducted in the company of staff from the 
Ministry of National Heritage and Culture - Salalah. 

Data on public health had been reviewed and addressed in the Basis of Planning Report for 
the purpose of determining the baseline conditions for water borne disease. Additional 
information was sought from the Department of Health Affairs. Other data were obtained 
from PCDEGD on land use planning and environmental resources. Characteristics of the 
rangeland resources and pasoral activities in the Jebel and Salalah Plain were obtained 
from MAF/Livestock Researth Centre and MAF/Range Research Centre. 

H.2.2 	 General Setting 

The Masterplan project area encompasses the Salalah Plain watershed between the coastal 
communities of Raysu. on the west and Mirbat on the east. The Basis of Planning Report 
contains the description of the geology, watershed and hydrological features in this area. 
The mineral resources of the area include gypsum, marble and limestone, most of which 
appear to be located in areas that would not be directly affected by any physical
development or consequential effect of water supply or wastewater components of the 
Masterplan. Likewise components of the Masterplan will not encroach on traditional 
agricultural areas. However, wastewater treatment options include the potential loss of 
irrigated farm land at the Garsiz Farm. The resource commitment would represent a loss of 
agricultural resources, and it is therefore an issue with respect to the deficits compared to 
opportunities to reclaim land elsewhere without additional impact. Other resource areas 
may be either directly or indirectly involved and are addressed in the following discussion. 

H.2.2.1 Springs, Khors and Wadis 

The ecologically significant areas of the Salalah Plain include the springs, wadis, and 
khors. Both water supply and wastewater components of the Masterplan may effect these 
resources. If for example, alternative water supply development were to include the 
aquifers that are the sources of the Jebel springs, the riparian habitat, aquatic biota, and 
associated wildlife could be impacted. By their very character, khors receive surface and 
near-surface flow which makes them susceptible to water quality inbalance and 
contamination. Treated wastewater discharge options must therefore by planned in light of 
the ecological vulnerability of khors. 
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The khors and qurms along the coastline represent unique ecological resources (Figure H. I
and H.2). Unlike estuaries which are open to the sea or lagoons which are more or less

isolated from the sea, the coastal khors characteristically have sea-driven sand barriers that
 
appear to be permeable to seawater intrusion and at the same time receive either surface

inflow from wadis or fresh groundwater seepage. Their character varies due to terrain,

drainage and flooding, possibly spring seepage, and marine hydrodynamics. A review of

available data and water quality testing by the Po.ject Team indicate that the khors have
varying qualitative features that from an environmental standpoint may be categorised into
 
three groups (Table H. 13).
 

The larger khors to east (Sawli, Taqah, and Rawri) are located in incised terrain; the wadi

drainage is steep due to the proximity of the Jebel watershed. Scouring flows and sand

barrier erosion are prGbably dramatic. Salinity tests indicate inlet groundwater seepage

upstream toward the wadi inlets. Their general character includes a salinity gradient from
 
fresh to brackish water toward the coast.
 

Khors that are located along the Salalah coastline have similar salinity gradients but are

subject to local lateral flooding between khors as well as watercourse flooding due to the

flat terrain. (MWR flood maps show complete inundation of adjacent khors which would

provide an opportunity for cross-khor floral and faunal intermingling.) Furthermore the
 
proximity of agricultural and urban areas contributes to water quality perturbation, affecting

aquatic life. 

A third group are more saline and include qurms (essentially Avicennia mangrove lagoons)

and small khors that are located on small wadis and thus not as subject to frequent

washout. The degree of ecological endemism probably conforms to the order that the
 
groups of khors are discussed here with the larger khors to the east representing the greater

likelihood of endemism.
 

A comparison of the khors using winter bird count data (Table H.14) indicate that the less 
brackish, larger khors receive more wintertime bird utilisation. There appears to be an
inverse correlation of use with respect to salinity (Kendal partial correlation of total species

in a three day count vs. salinity on khor size, tau = -0.45). It may be that palearctic migrant

species and winter resident birds may more readily depend on these habitats for feeding and
 
resting than on the smaller more saline khors.
 

Evidence based on fish die-offs at Khor Salalah and Khor Dhariz (Dr. Robert Whitcombe,
Dr. Ian McLeish, and Dr. Nicholas Clarke, personal communication) and local accounts 
(Amin Ali-Shanfari, personal communications) indicate the following species occur in 
khors: 

Scientific Name Common Name 
Carartrignobilis Yellow-finned Trevally
Caranxspp. Black-banned Trevally
Chanos chanos Milk Fish 
Cirocentrus dorab Wolf Herring
Diplodusnoct One-spot Bream (Progy) 
Epinephehschlorostigma Brown-spotted Grouper 
Epinephelustaurina Grouper 
Lethrinus spp. Red-spot Emporer 
Monodactylus argenteus Moonfish 
Mugil dussumieri Mullet 
Ophichthusspp. Eel 
Plectorhynchusspp. Rubberlip 
Sardaspp. Striped Bonito 
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Sardinella spp. 	 Indian Oil Sardine 
Sphyraena barracuda Barracuda 
Theraponjarbua 	 Triggerfish 
Thunnus albacares 	 Yellowfin/Long-tail Tuna 
Trahintus blodrii 	 Snub-nose Pompano 

Table H.13 Khors Located in the Project Area 

Khor/Qurm Reference Surface Area Estimated 
(ha) Average 

Depth (m) 

Notes: 11] 121 [3] 

Bandar Raysut ZU 190753 2 0.5 

Raysut 	 ZU190758 18 1 

Al Qurm As Saghir AD819799 5 0.5 
Thet (Al Qurm Al Kabir) AD826804 11 0.5 
Awqad (West Khor) AD842808 7 0.2 
Salalah 	 AD880817 24 1 

Balid AD956826 15 I 

Dhariz (East Khor) AD994835 20 0.5 

Arzat BD030838 6 0.5 

Sha'a I BD060844 7 0.1 

Sha'a 11 BD059842 1 0.1 

Al Awsatt BD075845 2 0.2 

Za'atri BD085845 I 0.1 

Al Asia BD093847 1 0.1 

Jnawf (Al Qarm) BD110850 9 1 

Sawli i BD158864 1 0.1 

Sawli II BD158859 23 1 

Taqah West BD185855 5 0.1 

Taqah 11 BD194861 0.1 2 

Taqah 111 BD194855 5 0.1 

Taqah BD200855 35 1.5 

Rawri BD270848 60 2 

Sabkayr BD298851 0.5 0.2 


Note: 

I. 	 Reference codes based on Military Grid Reference 1:100000 topographic maps. 
2. 	 Area estimated from aerial photographs or as reported Dames & Moore, 1991. 
3. 	Source Dames & Moore, 1991. 
4. 	Source Amin Ali Al Shanfari, Ministry of Islamic Affairs (pers. comm.). 
5. 	 Salinity readings taken by Project Team in March, 1991. Lowest salinity 

reading among respective khor subsamples reported in table. 

Estimated Salinity 
Maximum EC (uS/cm) 
Depth (m) 

[4] 151
 

1 >20000
 
2 18100
 
2 19400
 
2 >20000
 
1 7300
 
3 8900
 
3 2800
 
2 6100
 
2 17500
 
1 10900
 
1 >20000
 
1 14100
 
1 18100
 
1 >20000
 
3 >20000
 
I 12300
 
3 7400
 
1 >20000
 
2 >20000
 
1 17500
 
4 4200
 
6 4000
 
I 13700
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Table H.14 Winter Bird Counts At Khor Sites On The Salalah Plain Coast 

Coastal Surface Average Total 
Zone 

Mgt. Plan Area Salinity Habitat Count Species
Khor/Qurm Synonym Reference (ha) EC (uS/cm) (n/3) 

Notes: Il] 121 [31 141 [51 [61 71 
Al Qurm As Saghir Qurm-2 AD819799 5 19400 M 11 8
Thet (Al Qurm Al Qurm-I AD826804 I1 >20000 M 31 17 
Kabir)
Awqad (West Khor) Awqad AD842808 7 7300 FO 189 33
Salalah Salalah AD880817 24 8900 FR 216 35
Balid Baid AD956826 15 2800 FR 33 13
Dhariz (East Khor) Dahariz AD994835 20 6100 FR 641 51 
Arzat Razat W 1 BD030838 6 17500 M 9 5
Sha'a Razat-W BD060844 7 10900 M 80 20
Al Awsatt Razat E BD075845 2 14100 M 22 9
Za'atri JnawfW-2 BD085845 I 18100 M 6 5
Al Asia Jnawf W- I BD093847 1 >20000 M 24 11 
Jnawf (AI Qarm) Jnawf BD110850 9 >20000 M 17 7
Sawli 11 Sawli BD158859 23 7400 FR 206 32
Taqah West Taqah W BDI85855 5 >20000 FO 88 17
Taqah Taqja BD200855 35 4200 FR 251 30
Rawri Rawri BD270848 60 4000 FV 712 67 

Notes: 

I. 	 Coastal Management Plan synonyms after Salm and Jensen (1989).
2. 	 Reference codes based on Military Grid Reference 1:100000 topographic maps.
3. 	 Area estimated from aerial photographs or as reported by Dames & Moore, 1991. 
4. 	 Salinity readings taken by Project Team in March, 1991. 
5. 	 Habitats: FV - freshwater, varied habitat; FR - fresh water, reedbed;


M - hypersaline mangrove wetland, FO  fresh water, without emarginate vegetation. After Salm and 
Jensen (1989). 

6. 	 Birds counts average values based on three separate counts (Salm and Jensen, 1989).
7. 	 Total species observed during three separate counts (Salm and Jensen, 1989). 

The major springs include Ain Garsiz, Ain Sahalnawt, Ain Arzat, Ain Hamran, Ain

Tobruk, and Ain Darbat. Of these Ain Garsiz, Ain Sahalnawt, Ain Arzat and Ain Hamran

have been developed as water sources for various 
 farms in the Salalah Plain. Their
ecologically pristine character has been compromised in that the springs are recreational 
areas with road access. Ain Tubrok was an isolated spring until a new access road was
built there. This area is expected to receive more vehicular traffic now that the road is in.
The fig(Ficus spp.) gallery forest and surrounding Coniiphora-Anogeisuswoodland at
Ain Tubrok supports a rich bird fauna. Ain Tubrok has several stream pools that have been
subjected to trampling from cattle that water there. A satellite spring (Ain Qarleit) has
vegetation similar to that of Ain Tubrok but, unlike Tubrok, has steep overhanging
travertine limestone cliffs that isolate the spring and headwaters in a box canyon. Rock
hyrax (Procaviacapensis Jayakari) lives along the cliff face at this spring. Given the
canyon-like terrain, the headwaters and pools could probably be effectively fenced fromlivestock use. Watering troughs could be developed for cattle outside of the fence 
downstream of the pools. 

Ain Darbat is unique in the sense that it is a hanging valley with a large spring source,several large pools, and flowing stream over a range of about one kilometre. The spring,
pools, and wadi are essentially an integrated ecological unit. Because of its unique pools
and associated riparian biological communities, Wadi Darbat is of particular concern to the
Masterplan. If new wellfields were to include the extraction of groundwater such that the 
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drawdown would reduce spring flow into Wadi Darbat the impact on the ecological
integrity could be severe. Other springs have similar ecological value but due to the access 
and development, their pristine character has been compromised to a greater extent. 

Downstream of the pools and wetland areas, the wadis take on the character of dry,
ephemeral watercourses, subject to infrequent, sometimes violent, flows. Vegetation
growing along wadi courses tends to be more robust and diverse than that of the 
surrounding plain; wildlife, particularly birds, may utilise wadi habitat due to the 
microhabitat improvement over surrounding plain for cover, food supply, and advantage of 
foliage height diversity. Several wadi courses, in addition to having springs and pools,
have dry thorn woodland and perhaps refugial stands of unique plants. Baobab 
(Adansoniadigitata)for example is an indigenous savanna tree species of Africa that may
be a relict species in Oman or an early exotic brought to Oman during the trading days with 
Zanzibar. It is known to grow in Wadi Hinna about 3 km north of the Taqah-Mirbat Road. 
As mentioned, Wadi Darbat has gallery focest, riparian woodland. Although these species 
occur elsewhere in the Jebel, gallery forest is almost exclusively confined to springs and 
wet wadis. Frankincense trees (Boswvellia sacra)commonly occurs in Wadi Adawnib and 
tributary wadis near Raysut. 

The issue is whether the environmental integrity of the khors can be conserved in light of 
groundwater extraction, potential sewage spills, facility intervention such as pipelines and 
pump stations. The development of new groundwater supplies in the Wadi Dalbat area 
could affect the water quality parameters of' Khors Rawri and Taqah. The wastewater 
options could effect the water quality of the khors located along the coast at Salalah and 
westward toward Raysut. Direct intervention into the khor environments has been takein 
into consideration in the planning process. However location of wastewater facilities als,. 
has the potential of affecting khor environments and is therefore a planning issue. 

H.2.2.2 Watershed and Rangelands 

The Salalah Plain and bordering Jebel are located within the monsoon belt where 
southwesterly monsoonal winds carry moisture-laden clouds inland during June through
early September. Most of the annual precipitation of Dhofar occurs as condensate from 
monsoonal mist on the Jebel woodland vegetation and as monsoonal drizzle. Heavy
sporadic convectional storms and infrequent cyclonic showers that may also occur in 
March to May and October to November constitute the remainder of the annual 
precipitation. 

The biotic community-types and range resources of the area are briefly described in Table 
H. 15. The resolution of the community-types are primarily at the association, series, and 
sub-series level in regard to species overlap among the different range types. The species
similarity between the different types cannot be easily explained by climate. Not only are 
there differences in the effect of the monsoon between the Salalah Plain and the Jebel, the 
ridge at Qairoon Hairitti borders on subtropical climate in that it freezes there on occasion. 
Extensive grazing pressure on the other hand may be suppressing species diversity among 
the rarer, and more palatable, species of plant life. 

The community-types of the Southern Region are being mapped by MAF/Range Research 
Station-Salalah, based on initial range management data developed by GRM International 
(1982, 1985, 1988) and subsequent field research conducted by the Research Station 
(Elhag Bakhit, UNV, personal communication). Based on information to date, generic
community-types have been developed. The areal extent of these community-types, within 
the Masterplan Project Area, is given in Table H. 6. 
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TABLE H.15 Community-Types and Rangeland Characteristics - Salalah Subregion 

Range 
Unit 

Range-
land 
Type 

Topo-
graphy/ 
Terrai',.i 

Soil 
Characteri-

stics 

Representative 
Species 

Range 
Utilization 

Range 
Condition 

Coastal 
Plain 
(Jerbeeb) 

Low shrub 
and grass 
cover 

Coastal 
line (<1%) 

Unconsolidated 
marine and 
aeolian 
hypersaline 
soils 

elurpos littoralis, 
4triplex naritima, 
flalopyriun spp., 
Linonint spp., 
Stieda spp., 

Heavy camel and 
goat grazing; 
trampling during 
summer and winter 

Poor condition; 
most grasses sour, 
saline, and low 
protein; low ppt. 
and rapid drainage 

Tall grass 
and 
mangrove 
wetlands 

Khors 
(<1%) 

Very sandy silt 
and clay soils 

Avicennia marina, 
hragmites 

"ommunis, Tamarix 
articulata,Typha 

Heavy camel and 
goat grazing; 
trampling during 
summer and winter 

Poor condition; 
most grasses sour, 
saline, and low 
protein; low ppt. 

ylindrica and rapid drainage 

Scattered low 
shrub 
grassland/ 
open 
shrubland 

Wadis 
(<3%) 

Unconsolidated Acacia tortillis. 
course alluvial, Boswellia sacra, 
gravelly soils Cenchrus ciliari., 

Dactyloctentiunm 
spp., Dicanthiumn 
vpp., Fragrostis 
vpp., Moringa 

Little foliage; 
available sparse 
grasses and 
ephemerals used 
extensively by 
camels, 
particularly toward 

Poor condition; low 
ppt. with high 
drainage; low 
density of palatable 
species; poor plant 
reproduction and 
regeneration; land 

Yeregrina, Paniciun 
tirgidum 

coast overgrazed and 
becoming developed 

Very sparse 
ephemeral 
grass cover 

Flat plain 
(3%) 

Sandy soils 
with alluvial 
limestone 
gravel 

Acacia spp., 
Adeniuni spp., 
Aeluropus 
lagopoides, Aloe 
5pp., Atriplex 
(arinosum,Cadaba 

"pp.,Linmonium 
srillare, Cyperus 

Heavy seasonal 
grazing by 
camels, 
particularly during 
khareef 
(monsoon) 

Very poor 
condition; low ppt., 
rapid drainage, salt 
crusting on soils; 
minimal plant 
reproduction and 
regeneration; 
overstocked and 

conglomeratus, over-grazed range 
faerua 
'rassifoliia, 
Sporobulus 
spictatus 

Depaupe-rate 
shrub and 
grass cover 

Undulating 
plain (5%) 

Very sandy 
soils and 
gravelly 
alluvial soils 
(termite zone) 

Acacia spp., 
Adenium spp., Aloe 
dhofurensis. 
Aristida spp., 
Cadaba spp., 

Very heavily used 
with little foliage 
on acacia; grasses 
very sparse and 
unreliable ---

Very poor; low ppt., 
frequent drought; 
high grazing pres
sure, termites, off
road vehicle (ORV) 

Cenchrus ciliaris, 
Commiphora spp., 
Dactyloctenium 

exploited when 
available 

use, development 

aegyptium, 
Tamarix spp. 
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Scattered 
dwarf 
shrubland/ 
short 
grassland 

Plateau 
(<2%) 

Stony topsoil 
with high silt 
content and 
moderate 
salinity 

Amni majus, 
Aristida 
adscenionis, 
Arthraxon spp., 
Bhepharispermumn 

Heavily utilized; 
extensive cutting 
of woody stratum 

Very poor 
condition; drought, 
steep terrain; 
termite infestation, 
overgrazed 

hirtum, Brachiaria 
erucifornis,Cadaba 
heterotricha, 

enchrus spp., 
hrysopogon 

4l14mulosus,
D"'u.(enaspp,, 

Jyschoriste dalyi, 
Eragrostis viscosa, 
Euphorbia smithii, 
poeca spp. 

High 
Foothills 

Scattered low 
shrubland/ 

Foothills 
(3%) 

Consolidated 
alluvial gravel 

Aristida spp., 
Bo.swellia sacra, 

Extremely high 
grazing and 

Very degraded 
condition; 

sparse grass with minimal Cenchrusciliaris, browsing pressure negligible grass 
cover soil 

development 
Conmiphora spp., 
sparse grasses 

by camels and 
during summer 

cover; acacia over
browsed with no 
significant 
regeneration; many 
trees killed by 
termites 

Low 
scattered 
shrubland/ 

Valley 
scarp 
slopes 

Very rocky and 
shallow clay 
and silt soils 

Acacia spp., 
Conmiphora spp.. 
Dactvloctenium 

Ephemeral grasses 
extensively 
utilized when 

Poor quality range, 
vegetation 
association stable 

sparse grass (5%) vpp., ephemeral available, poor but of little value for 
cover grasses with species diversity forage; low ppt., 

inimal grass and sparse cover high run-off, 
cover with little forage minimal soil 

value development; range 
partially protected 
by difficult terrain 
and steep slopes 

Escarpment Woodland 
with 

Coastal 
escarpment 

Very shallow 
rocky red soils 

Acacia senegal, 
Anogiesus 

Extensively 
browsed and 

Poor; most ppt. in 
Khareef; lower 

understory of 
dense 
grasses and 
forbs 

slopes and 
valley 
slopes 

dhofarica,Aphuda 
zutica, 

Blepharispernum 
hirtum, Boscia 

grazed; grasses 
completely 
consumed 
following the 

slopes with 
termites, very 
degraded pasture, 
limited grass 

arabica,Brachiaria Khareef with resource extensively 
Tpp., Cisus trampling, grazed; potential 
quadrangularis, leaving soils hard soil erosion on 
Delonix spp., and compact; steep slopes 
Dicanthium numerous 
annulaturn, compacted !rzrl 
Oigitariaciliaria, networks 
Eragrostisspp., 
i us spp., 

Heteropogon 
'ontorlus, 
Afaytefus spp., 
Olea spp., 
1'anmarindus indica, 
Zizaphtus spina
'hristae 
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Open shrub- South- Shallow rocky Acacia senegal, Extensively Very poor; slippery
grasslat I/ facing and clay soils Acacia tortillis, browsed and terrain when wet;
woodland escarpment -arissaedidis. grazed; grasses biting flies and 

szapes in -omlniphora spp., completely other insect 
higher part igitariaspi.. consumed nuisances; very
of Jebal 'odonaea spp., following the little grass cover,
(5%) "iclea sehimperi, Khareefvery little accelerated soil 

ragrostis .spp., vailable forage erosion and 
latro/ha Ypp.. Olea on palatable tree gullying 

europaea, species 
Whithania qaratiea 

Tall open Higher Very shallow Anogiesus Grazing pressure Very poor
grassland slopes and rocky, cracking dhofarica,Apluda extensive; condition; low ppt.;
and scattered deeply clays (Rendzina ,nutica,Ariliraxon pastures consumed perennial quality 
trees incised soils) vpp., Brachiaria within 4 to 5 degraded to 

undulating 	 rpp., Cen'hrus months after the dominance by
plateau vpp., Dicanthium Khareef annual grass
(18%) vpp., let-eropogon species; overgrazed 

vpp., May'icnus and over-stocked 
spp., Setaria spp., 
rhemeda 
quadrivalvis 

Plateau Low shrub - Undulating Nominal to 4caia ethica, Very heavily Poor condition; low
(Quatam) short plateau and slightly 4ristida utilized by goats ppt. mostly during

grassland upper wadis cracking clay iadscenionis, and camels; Khareef; steep
(15%) soils over Arhraxon spp.. browse species terrain with high 

rocky subsol othriochloa extensively potential for soil 
,ladhii, Brachiaria exploited; grass erosion; range very 
ruciformis, cover sparse, overgrazed and over
enchru.s completely stocked; biting flies 
eliflorus, consumed within a during Khareef, ORV 
onimiphora spp.. few months after damage to soil 
odonaea spp., the Khareef; range surface; lack of 
.vschoriste dal'i. dominated by palatable perennials 
Iragrostis viscosa, unpalatable

itunted Euphorbia species 

Ilsamnifera. 
rnea app.. 
(Uayenns spp.. 

lea 

ifricanus.Tragus 
Verreronianu$ 

Sleep valley Low shrub - Steep 	 caeia ethica, Modetate Very poor
and minor short valley and Aristida spp., utilization with condition; very
hillsides grassland minor hills Boscia arabica, Icss access on little ppt., steep 

(37%) 	 Boswellia sacra, upper slopes; terrain with 
dominant grass more grazing and restricted human and 
cover of browsing on lower livestock access; 
Dactylocteniumt foot slopes, minimal soil 
pp., Dhofaria particularly by development; more 

macleishii, camels and goats robust vegetation 
Draeaenaapp., 	 confined to narrow 
Polypogon spp. 	 belt, cover rapidly 

degrades to 
negligible cover in 
more accessible 
areas 
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TABLE H.16 Estimated Areal Cover of Community-Types within the 

Masterplan Project Area 

Community-Types Percent of Project Area 

Coastal Limomium-Impomea srub 2 
Mangrove and khor wetland < I
 
Acacia-dominated wadis I
 
Boswellia-dominated wadis 
 < I 
Acacia tortillisplains scrub 8 
Scrubland-ephemeral grassland 17 
Foothill Acacia-grassland 18 
Escarpment Commiphora woodland 15 
Spring and wadi reed wetland < I 
Ficus-Acaia riparian woodland < I 
Escarpment mixed woodland 12 
Anogeisus-mixed canyon woodland 8 
Acacia-Euphorbia shrub woodland/mixed grassland 17 

Total 100 

The grasses of the Salalah Plain, as is characteristic of tropical grasslands, have low 
protein content. Most of the grass cover in the jerbeeb and Salalah Plain consist of annual 
grasses (primarily Dicanthiun micranthura, Dactyloctenium aegytium, Eragrostis spp.,
Chlorisbarbata,and Cynodon dactylon) that grow rapidly without as much protein as most 
perennial grasses. C.P. Butler (in Sale, 1980) has estimated crude protein at !3.5 percent
in the growing season (late August) declining to 2.6 percent in the dry season (December).
The lack of protein requires the Jebali to supplement their livestock forage with sardines to 
enable livestock to survive the dry season. 

An apparent secondary ecolagica! benefit of supplemental feeding is that the ntmbers of
livestock are determined ",y the supply of dried fish and available harvested fodder, rather 
than reiying on range resource on the Salalah Plain or in the Jebel pastures. Given the past
record of perennial grass grov th in the Jebel during the khareef, this has led to the 
assumption that range carrying capacity, although insufficient in the dry season tor the
numbers of livestock, may be sufficient during the wet season. (Sale, 1980). More recent 
evidence suggests that the carrying capacity is being exceeded and that sardine supplement
is not contributing to range resource improvement (Dr. Mohammad Gure, MAF/
Agricultural Research Station, Salalah, personal communication). 

Based on observations made in April, the current range condition of the jebel and plain
rangetand within the Salalah watershed appears to be in an over-grazed state. Most 
perennial grasses and much of the palatable browse has been severely grazed and browsed. 
Numerous livestock trails and trampled areas further indicate excessive range utilisation. 
Comparative evidence of robust perennial grasses and shrubs within enclosed plots located 
in the Jebel further indicate that much of the biomass and species composition has been lost
under severe grazing pressurc Dr. Moha,,mad Gure, MAF/Agricultural Research Station,
Salalah, personal communication). 

The maps in Figures H. I and H.2 show the settlement pattern of the Jerbeeb settlements. 
Most of these settlements are camps of Jebali pastoralists. Their transhumance pastoralism 
was at one time strongly regulated by the wet-dry season climate, that is, vacating the Jebel 
during the monsoon. The construction of borehole wells, new roads, and better housing is 
thought to have changed this pattern such that now more people with their livestock remain 
on the Jebel range during critical green-up thus causing further damage to range resource, 
particularly to perennial grasses. 
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The endangered wildlife that inhabits Dhofar has suffered the problem of over-exploitation
and habitat loss. The following synopsis is based on comments in list B of the Omani 
Endangered Species List (MNHC, 1991): 

Cheetah 	 Very few, none reported since 1977. 

Caracal 	 Numerous in central desert and Dhofar, but declining in Musandam 
and Hajr range due to persecution by pastoralists and villagers. 

Arabian Leopard 	 Numbers declining generally and in northern mountains almost 
extinct. However, small healthy pvpulation in remote areas of 
Dhofar. Small captive group at Bait Barakah Oman. Endangered 
mammals breeding centre. 

Arabian Tahr 	 In northern Hajr range only, between 2,000 and 3,000. Small 
captive breeding group at Bait Barakah. Fully protected by law. 
Wadi Serin Reserve gives a special protection and opportunities for 
scientific studies. 

Arabian Oryx 	 Wild reintroduced breeding animals in Jiddat AI-Harasis now 
number 37. The White Oryx Reintroduction Project is continuous 
and a steady supply of zoo bred individuals is being brought in 
from North America and Jordan for acclimatisation and release fully 
protected by law. 

Arabian Gazelle 	 Fully protected by law. Numerous especially in desert areas. 
Some captive breeding for continuous release into Wadi Serin 
Reserve. 

Rhim 	 Numerous, but in widely scattered groups of 7 to 10 animals in 
sandy parts of the desert areas. 

Ibex 	 Numbers greatly reduced by hunting in the past to the point that 
there are none in Musandam or the western and central Hajr range. 
However, since full protection was given in 1975 populations in 
remote areas of Janaba Hills and Huquf, Jebal Samhan and remote 
southern coastal head lands are increasing. The animal is under 
scientific study with use of radio collars as part of the White Oryx 
Project. 

Birds 	 All birds on Oman's coastal zones are protected by law. The 
numbers of those listed as endangered are not known. The Masked 
Booby breeding population on the Kuria Muria Islands is the only 
one left in the Gulf of Oman, all others have been destroyed by 
hunters. 

The Houbara Bustard populations, both breeding and migratory in 
Oman, are increasing slowly by reason of the ban on hunting; 
previously they were reduced to negligible numbers. 

Reptiles 	 All marine turtles are protected by law and by education of the 
people. 

The Leathery turtle does not breed in Oman's shores. It is known 
to exist in small numbers in Oman's coastal waters. 

The biggest known Loggerhead turtle breeding population in the 
world is on Masirah Island. 

The Green turtle populations are healthy and stable at present, but 
continual monitoring is required to enforce protection. The same 
applies to the Hawksbill and Olive Ridley populations. 
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Fish 	 The two endangered species listed are protected only by the fact that 
they exist in very remote places difficult to get at. Their numbers 
are not known. 

All Others - All other species listed in the endangered list are not protected 
individually by law and their exact numbers are unknown. 
However, all molluscs, crustacia and corals are protected to a 
certain degree by the Fisheries Laws. 

Flora - Exact numbers are not known but the notes given for each species 
list explains its status. 

The International Union for the Conservation of Nature (IUCN) endangered species list 
includes species of plants and wildlife that reside in Dhofar. The IUCN (1989) conducted 
a study of the coastal habitats of Dhofar for the PCDEGD. The study empahsised the 
significance of khors and beaches as breeding areas for designated vulnerable species.
Three species of sea turtles, which are on the IUCN endangered species list, nest along the 
Dhofar beaches, including those of the Salalah Plain. Nesting habitat of the loggerhead 
turtle (Caretta caretta) and green turtle (Chelonia mvdas) include the sandy beaches from 
Raysut to Mirbat. Both species are sensitive to human encroachment, and related 
disturbances such as feral cats and dogs, rats, and bright lights. The more isolated beaches 
appear to be selected for nesting over beaches in populated areas, as in the vicinity of 
Salalah. 

The native endangered cats, dogs, and ungulates are essentially extinct in the Salalah Plain 
and severly reduced in numbers throughout the jebel to Qairoon Hairitti. The wolf (Canis 
hlpus), leopard (Panthera pardus), caracal (Caracal caracal), and wild cat (Felis silvestris)
all inhabited southern Dhofar. Jebel Samhan (on the east of the Salalah Plain) and Jebel Al 
Qamar (on the west) and to a lesser extent, Wadi Darbat and isolated areas with springs in 
Jebel Al Qara, hold the best promise of current presence of caracal, and perhaps wolf. The 
Arabian wolf (Canis hpus) and striped hyaena (Hyaena hyaena) probably occur in the 
Wadi Naheez Nature Reserve in the Jebel Al Qara (IUCN, 1986). 

11.2.2.3 National Heritage and Cultural Sites 

Human habitation of Oman dates back at least 14,000 years (Cox et al., 1991). There is a 
rich cultural history. Oman played a key role in the Bronze Age, Iron Age, maritime 
commerce from the 4th Century BC, and in the frankincense trade. Salalah was a major 
seaport for the frankincense trade during the Greco-Roman period, and later was 
instrumental in trade with China, India, and Zanzibar. The Jebali people may in fact be the 
descendants of peoples who first developed written language (Ali Ahmed Mahash Al 
Shahri, National Heritage Museum - Salalah, pers. comm.). 

Through authority granted in Decree 69/81 the Ministry of National Heritage and Culture 
(MNHC) oversees cultural resource protection. MNHC manages on-going investigations
and studies, reviews action impinging on cultural resource preservation and coordinates its 
duties with MOE, MOCI and other Government agencies. This includes MNHC direct 
surveillance of construction where cuitural or archaeological resources may be at risk. The 
provision of certified archaeologists is determined on the basis of availability. 

The cultural factors affecting the Masterplan centre on the ethnic pattern of the Salalah Plain 
and the distribution of cultural and archaeological resources. The investigation of sources 
including members of the National Heritage Museum staff, indicate that the entire Salalah 
area is rich in archaeological resources. Oman (1983) surveyed the burial grounds in 
Salalah; Costa and Kite (1985) presented detailed accounts of past architectural design and 
the lifestyle of Islamic culture in Salalah. Cox et al. (1989) have described a number of 
significant heritage sites in Dhofar of which several may apply to the Masterplan: 
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o 	 Al Baleed is recognised as having national significance. This was the city of Zafar 
and was a major seaport during the early Islamic era. Marco Polo is said to have 
visited the city in 1285 AD. The city was partly excavated in the 1950's and found 
to have been a moated city from about 1000 to 1550 AD. 

o 	 Sumhuram located at Khor Rawri was also partially excavated in the 1950's. This 
fortress was used for the defence of the port at what is now Khor Rawri. The port 
was an important trading centre in the frankincense trade in the first through fourth 
century AD. 

o 	 Wadi Darbat has a number of caves where cave paintings have been found. These 
paintings are prehistoric and may represent some early inscriptions of South 
Arabian text. 

o 	 Nabi Ayoob is believed to be the tomb of the Prophet Job. 

Figure H.2 shows in greater detail the cultural and archaeological resources of the Salalah 
area where most of the wastewater planning components will be located. Based on 
discussion by Oman (1983) and field investigations by the Consultant's environmental 
planners, the following archaeological sites should be given priority along with the sites 
discussed above and shown on the maps. 

o 	 Al Awqad burial ground located in west Salalah south of Robat Road; 
o 	 Ba Alwi burial ground located north of Sharia al Salam in west-central Salalah; 
o 	 Ben Afif burial ground located east of the Ba Alwi burial ground and south of the 

Sharia 23rd July; 
o 	 Al Ghoof burial ground located north of Sharia 23rd July; 
o 	 Al Baleed burial ground at the west end of the Al Balid archaeological site; 
o 	 Al Robat burial ground located in the Al Robat District; 
o 	 Al Haddad burial ground. 

These areas are enclosed in fences and protected. However there are additional 
archaeological materials in proximity to some of these burial grounds that are not protected.
These areas are also shown in Figure H. 1. 

Field investigations and information presented in the literature and conveyed by staff of the 
National Heritage Museum indicate that other archaeological resource areas need further 
study. Nearly all of the Al Robat, Al Haafa, Al Haseelah, Dhariz and Al Baleed Districts 
were part of the ancient city of Zafar. The traditional agricultural belt in Salalah, although
subjected to a long history of tillage, is also considered as sensitive and needs further 
study. 

There are a large number of mosques and religious sites in the communities and rural areas 
of the Salalah Plain. All are readily evident as to location and purpose and should be 
considered as sensitive cultural entities. In addition, there are two architcctural zones in 
Salalah as shown on the map. Atkins (1990) designated these zones as the Middle Salalah 
and Al Haafa Architectural Areas due to the presence of old houses that reflect Salalah 
design and architectural uniqueness. 

H.2.3 	 Environmental Resources at Facility Sites 

The foregoing discussion addressed environmental resources in the greater Masterplan 
Project Area, approximately 2,000 sq. km in extent. The total area being considered for 
Masterplan development and further study encompasses less than one percent of the overall 
Project Area. 

During the planning of Masterplan Alternatives, a concerted effort was made to avoid 
sensitive environmental areas. As a result none of the wastewater collection systems 
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encroach on designated protected areas or protected cultural resources. The proposed 
treatment plant sites (both Wadi Daha and the Sha'a Site) are also located away from 
protected resource areas. 

The location of potential water supply facilities is conditional to further study on water 
supply. The areas under consideration for additional water supplies include the Wadi 
Adawnib Catchment and Jebel Front, Western Jebel Front, Eastern Jebel Front, and the 
Taqah-Wadi Darbat Area, address in Chapter 2.0 of this report. Cultural resources and 
National Heritage Sites are located in the vicinity of Khor Taqah and Khor Rawri. Further, 
should wellfields be developed from any one of these areas, the delivery pipelines will 
cross wadis and plain used by the Jebali herdsmen. Water abstraction could have an effect 
on the water supply that these people rely on. 

The general community types represented in areas under consideration for location of the 
wastewater treatment plant include plains scrub as discussed above. No sensitive habitats 
occur at either the Wadi Daha or Sha'a site. The endangered plants or wildlife that may 
occur in the area range well b yond the area under consideration (about 40 ha). Mangrove, 
which is endangered, occurs at khors near the Sha'a and Wadi Daha sites. Construction 
and operation, including the discharge of treated water will occur in the proximity of 
several khors near the Sha'a site. Infiltration and resurfacing of groundwater could affect 
these khors. The green sea turtle and loggerhead turtle are both endangered species, and 
both species are known to breed along the Dhofar coast. The beaches south of the Sha'a 
site are somewhat isolated and suitable sea turtle habitat. 

H.3 Survey of Pollution Sources 

The Consultant recognised the need for a better understanding of the extent of pollution as a 
concern for both establishing a baseline on which to monitor effects of proposed actions 
and as a technical basis on which to determine wastewater treatment feasibility. The 
following findings address these objectives. 

A review of the applicable Omani laws and regulations indicates that some standards and 
control methods exist regarding the control of pollution. The specific means by which 
these regulations are implemented are less clear. The lack of administrative resources, as 
well as the lack of adequate disposal means, particularly in the private sector exacerbates 
the problems. 

The New Industrial Area located near Awqad is intended to reduce manufacturing in central 
Salalah. (The older industrial area is located in Al Haseelah. ) Past and present disposal 
practices in these industrial areas may have a deleterious effect on groundwater quality and 
may pose problems for the treatment of sewage. 

The prevalent use of agro-chemicals (pesticides, herbicides, and fertilisers) can also be 
deleterious to the environment and public health. Casual commercial and domestic disposal 
likewise may be pollution sources. 

H.3.1 Industrial Survey 

In order to ascertain the extent of chemical pollution in the Salalah area, two surveys were 
undertaken: I) a survey of commercial and industrial sites, and 2) a survey of sources 
associated with the use of agro-chemicals, including a representative sample of small 
farms, commercial farms, private retail sources, and data on distribution through the 
Extension Service of MAF. 

The regulations pertaining to industrial pollution were reviewed, survey data forms were 
designed for acquisition of data on site location, ownership, substance storage, use, and 
means of disposal. MOE and MAF were contacted to acquire available data. The surveys 
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were conducted during April and May, 1991. Table H.17 and H.18 shows the basic 

survey information sources surveyed. 

Findings of the Industrial Survey 

Tables H.19, H.20, H.21 present a synopsis of the findings of the industrial survey. It 
was found that, in nearly all cases involving septic and holding tanks at commercial and 
industrial sites, sewage was disposed of on a regular basis at either the Raysut Landfill or 
at Wadi Sahalnawt. The problem of disposal in the wadi however is recognised as an on
going concern that is not likely to diminish in the near future due to its proximity to Salalah 
and the ease for casual use. 

The Salalah Wellfield appears to be free of endemic pollution with the possible exception of 
the materials laboratory located at the edge of the red zone. The tanks of cleaning solution
and the on-site disposal oi the so!ution may be contaminating fresh groundwater in the 
wellfield at a point where it may be entering the potable supply zone. Further investigation
of the chemical contents of these tanks and the extent of disposal is needed. 

The Ministry of Communications maintenance yard is Iccated in the red-striped zone of the
Salalah Wellfield. The results of the on-site investigation of this facility indicate that proper
containment and disposal practices are in place. The on-going construction of new, larger
holding tanks and septic tanks further indicates a conscious effort on the Ministry's part to 
ensure proper removal of industrial waste from their property. 

The commercial area in the Salalah Wellfield green zone to the south of the potable
extraction zone is largely free of bulk industrial waste production. There are limited 
examples of misuse through casual disposal of small amounts of chemicals and lack of 
control on insuring that proper disposal is practiced at the individual business level. 

The new industrial area to the west of the fresh water zone appears to consist largely of
warehouse storage and limited commercial wholesale use with the exception of a foam 
rubber manufacturer. Bulk quantities of hazardous liquids are used in the manufacture of
foam rubber and the production of fiberglass boats, both of which take place at this locale. 
For the most part, materials are kept in metal drums and stored in enclosed areas. There are 
no floor drains and spills are cleaned up by chemical neutralization and absorptioji. The
residual waste is disposed of at the Raysut Landfill. The primary concern is ihat small 
spills may be disposed to the septic system. This means of casual disposal , ,sv, a
problem for future wastewater treatment, particularly with regard to methylene chilorid md 
iso-cyanates. 

H.3.2 Agro-chemical Sources 

Information was not easy to obtain for a variety of reasons, includinig willingness to 
discuss specific farm pesticide use, confusion on what types of chemicals were used due to 
translation and vernacular nomenclature, and coordination of meetings between the survey 
team and the farmers. 

MAF was helpful in the provision of data on the distribution of agro-chemicals by the
Extension Service and by private outlets in the Salalah area. The survey team also 
surveyed a number of the private distributors of agro-chemicals to determine handling and 
storage methods and general sales. Table H.22 lists the number of private retail dispensers
and the number investigated. Table H.24 shows the MAF data for private sales to farms in 
the various Extension Districts. 
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Table H.17 Survey of Potential Industrial Pollution Sources in the Salalah Area 

Potential Source Under Investigation 

Industrial Survey: 
WASTEWATER DISPOSAL 

Septic Tanks & Holding Tanks 

Land disposal 

SOLID WASTE DISPOSAL
 
Landfill disposal 


Abandoned Landfill 


INDUSTRIAL / COMMERCIAL 
Vehicle service garages 
Vehicle repairs/spray or rust proofing/metal 
fabrication 
Petroleum filling stations 

Drycleaners/laundry 

Refrigeration/AC maintenance 


Laundries (washing only) 
Gas cylinder filling/storage 
Electrical/mechanical workshop 
Fibreglass/foam rubber manufacturing 
Printing 
Plastic products 
Asphalt production 

Soft drinks manufacturer 
Municipal abattoir 
Cement manufacture 
Rock crushing 
Drilling material/chemical 

HAZARDOUS MATERIAL STORAGE 
Oil storage tank farms 
Chemical stores/paint stockists 

OTHER 
Civilian airport 

Military (bases/airport) 
Electrical transformers 
Electricity generation plant 
Large vehicle maintenance/work shop adjacent 
the Salalah Wellfield 
Materials laboratory 

Number of Sites Number of Sites 
in the Raysut. Investigated During 
Salalah Area the Survey 

Approx. 10,000 (on-going separate study)
 
I major site I
 

2 2
 
I I
 

6 6
 
Approx. 140 10
 

9 	 3
 
2 2
 

Approx. 30 2
 
Approx. 10 2
 

2 	 1
 
Approx. 10 8
 

I I
 
I I
 
2 1
 
I I
 
I I
 
3 2
 
I 	 I
 

Approx. 	5
 
3
 

I 	 I
 
3
 

I I
 
I I
 

592+approx, 100 12
 

2 2
 
I 	 I
 

I
 

TABLE H.18 Survey of Potential Agro-Chemical Pollution Sources 
in the Salalah Area 

Potential Source Under Investigation 

Agro-chemical/pest control stores 
Traditional small-scale farms 


Large scale farms 

Large research farms 


Number of Sites Number of Sites 
in the Raysut- Investigated During
Salalah Area the Survey 

8 8
 
29 3
 

4
 
2
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TABLE H.19 Findings of the Survey of Industrial Sites in the Salalah Area -
Disposal 

Potential Source Under Investigation 

WASTEWATER DISPOSAL 

Septic Tanks &Holding Tanks 

Land disposal 

SOLID WASTE DISPOSAL 
Landfill disposal 

Abandoned Landfill 

Findings 

Approx. 10,000 

Wadi Salhalnawt is a receiving point for sewage 
disposal; other disposal from manufacturing and 
commercial sources with detergent, oil, grease,
solvents, possibly some hazardous waste. 

Landfills fenced but not lined. Taqah landfill gate 
sometimes left open. Raysut landfill isthe primary
deposition point for industrial waste. Uncontrolled 
disposal in area in the past, likely some hazardous 
waste but unknown. 

I 

TABLE H.20 Findings of the Survey of Industrial/Commercial Sources 

Potential Source Under Investigation 

Vehicle repairs/spray or rust proofing/metal 
fabrication 

Petroleum filling stations 

Drycleaners/laundry 

Refrigeration/AC maintenance 

Laundries (washing only) 

Gas cylinder filling/storage 
Electrical/mechanical workshop 

Findings 

Freon-12 (50 kg); multi-purpose oil, grease in bulk
 
storage; shunted to concrete septic tanks,
 
considerable leakage from conveyance, spills, and in
 
some cases tanks. Most of the stations are located
 
in south Salalah, at least one located in the Al
 
Haselah District
 
315,000 litre of gasoline, kerosene, diesel fuel, and
 
270 litre battery acid at 3 stations; underground
 
storage tanks (UST), status of leakage unknown.
 
Perch lorethylene (PCE) in 55 gal. drum used for dry
 
cleaning, no leakage; detergent wastewater from
 
one laundry disposed of at Wadi Sahalnawt.
 
Freon-12 (57 kg) and freon-22 (57 kg); other freon
 
in use; rate of usage about one 57 kg cylinder per
 
month.
 
Acetylene and oxygen, LPG, some HCI use as
 
cleaner.
 
LPG in above ground storage tank.
 
Cutting oil with small amount of spillage in all
 
shops.
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Fibreglass/foam rubber manufacturing 	 Foam rubber manufacturing: Polyol (85 200 litre 
drums), iso-cyanide (stored in 250 kg drum, 50 to 
65 drums in storage rooms with concrete floors, no 
floor drains), triethylene diamine, 2,4,c,2,6-toluene 
di-isocyanotoluene, DEBCO stegicide (solid 
triethylene diamine in 90 220 kg drums), stannous 
octate, silicone, methylene chloride (in bulk 55 gal 
drums); some leakage on concrete but no floor 
drains; bulk spills soil absorbed with waste 
containerised and disposed at Raysut Landfill; small 
spills of I to 2 gal. may be disposed directly to 
sewer. Empty chemical drums disposed of at 
Raysut Landfill. 

Fiberglass molding: Styrene spray of 100 kg per 
day. Debco used as catalyst (220 kg drums), 90 
drums on premises; Interox MEKP-Ha2 (an organic 
peroxide) used as a hardening catalyst. 

Printing 	 Printing and photo-processing chemicals disposed 
of in septic tank, including silver nitrate, plate 
developer, fixer, etc.; septic tank 4 x 8 m, septage 
hauled away twice a month at Raysut Landfill. 

Plastic products 	 High and low density polyethylenes 
(solid pellets), water recycled in processing. 

Asphalt production 	 Laboratory located in Salalah Wellfield green zone; 
polyaromatic hydrocarbons on premises; 
considerable staining and 50 plus drums of dry 
product, 

Soft drinks manufacturer 	 Groundwater abstraction well at site; 50,000 gal 
underground storage tank (UST) for waste 
collection, septic tank and UST pumped I to 2 
times weekly; waste hauled to Wadi Sahalnawt. 

Municipal abattoir 	 Slaughter waste collected in septic tanks disposed of 
at Raysut landfill. 

Cement manufacture 	 Use water (120,000 litre/d) abstracted from local 
shallow wells; diesel and gasoline (85,000 litre in 
UST); soak-away septic tank on premises. Small 
amounts of lithium bromide, hydroflouric acid, 
other acids, mercuric chlo-ide, barium chloride, 
silver nitrate among array of laboratory chemicals at 
site. 
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TABLE H.21 Findings of the Survey of Hazardous Material Storage 

Potential Source Under Investigation 

Oil storage tank farms 

Chemical stores/paint stockists 

Civilian airport 

Military (bases/airport) 

Electrical transformers 

Electricity generation plant 

Large vehicle maintenance/work shop 
adjacent the Salalah Wellfield 

Findings 

Located at harbour in Raysut; storage capacity at 
tank farm 36,000 cm; jet fuel, diesel, Mogas petrol 
instorage. Fire control and drainage checks at site. 
Primary chemical storage - liquid latex-based paint 
in closed containers; paint thinners and lacquers also 
in closed containers. 20 to 50 cartons of paint
thinner (24 litres/caron) sold per month. 
Site located in green zone of Salalah Wellfield. No 
aviation fuel storage in USTs; fuel needed is 
brought from Muscat. Vehicle fuel storage 24,000
litre petrol and diesel in USTs. Ansulite detergent
based fire retardant stored in drums on concrete pad
with roof. Standby fire trucks and other vehicles 
serviced on premises; oil, grease, petrol as
degreaser and solvent disposed of in concrete oil 
separation UST with soak-away; septage from 
terminal and other sources treated in local 10/10 
BOD/SS package treatment plant; treated water 
disposal consists of an infiltration bed. 
Package treatment plant; 11,000 gal. above ground
diesel and petrol fuel storage; on site wells for 
water needs. 
592 plus approx, 100 transformers in Salalah area; 
all with mineral oil coolant, including some old 
transformers in Salalah, none reported to contain 
PCB, but this is not confirmed. 
Diesel generators total consumption of 40 million 
litres in 1990; diesel fuel storage capacity of 50,000
litre, lube oil storage 10,000 litre; waste oil 
shunted to 10,000 liure tank. Gamlent D-solvent 25 
kg used for descaling agent. 

Site located in the Salalah Wellfield red-stripped 
zone adjacent to the red zone. Large machine shop 
for maintaining public works large trucks and heavy
road equipment; at vehicle wash area oil is drained 
to a coacrete sump (holding tank). Approx. 20 
vehicles per day treated and washed; sump has 24 
cm volume and ispumped to tanker truck as needed. 
Four USTs for storing diesel and petrol; maintained 
by Shell Oil Co. Oil, grease, petrol as degreaser, 
and other waste containerised and disposed of by
tanker truck at the Raysut Landfill. Rags and old 
batteries stored on concrete with no floor drains, 
disposed of at Raysut Landfill. Small quantities of 
solvent-based paint and other chemicals stored in 
enclosed storage areas. Abandoned dump site 
located west of property no longer there; area filled 
in and sign posted that area is restricted to dumping. 
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Materials laboratory Site located on east border of Salalah Wellfield red 
zone. Eight concrete holding tanks on site; liquid 
in each is disposed of to ground; evidence that liquid 
is more than just water includes greenish yellow 
colour, dead fauna in liquid, and workers wearing 
vinyl gloves and using tins when handling the 
liquid. A hand dug well is on the site; well used as 
water source for work and potable supply. No 
infonnation was available on means of disposing of 
septage. 

TABLE H.22 Pesticides Sold Through Sulalah Area Private
 
Companies, Southern Region 1990
 

Distribution Area 
Chemical Unit Awqad Salalah Hafa Dhariz Taqah Total 

Acetellic litre 102 169 299 124 18 712 
bavistin litre 10 5 48 14 77 
Cymbush litre 126 90 480 221 25 942 
Decis (Topsin) litre 29 64 83 46 10 232 
Dursban EC litre 27 42 65 32 166 
Dursban GM litre II 38 8 57 
Furadan litre 5 20 79 126 215 445 
Gramoxone litre 8 16 237 46 307 
Nimarode litre 1 6 1 8 
Perfecthion litre 117 217 504 260 106 1204 
Permethrin/Pirimicide litre I I 
Ridomil (Polyram DF) litre 15 I 166 57 79 318 
Roger L 40 litre 27 57 295 147 12 538 
Salu! litre 32 34 117 68 251 
Stomp litre 2 2 
Sumithion litre 1 9 13 5 2 30 
Supracide litre 151 257 355 141 2 906 
TECrO litre 48 6 54 
Coprosan kg. 5 3 8 
Dipterex kg. 142 127 537 155 14 975 
Dithane kg. 131 198 146 223 122 820 
Metac kg. 3 5 62 11 81 
Pirimor kg. 15.5 29 184 82 310.5 
Torque (Avdiazime) kg. 4 3 2 9 
Trymeltox 40 kg. 109 68 33 13 223 

TOTAL - liquids litre 652 993 2834 1302 469 6250 
TOTAL - Powders kg. 400.5 436 968 486 136 2426.5 

Source: MAF Extension Service, Salalah. 

Assuming that the sales in the various extension areas reflect the zone of usage, then the 
Salalah and Al Hafa Districts are of interest in that they are located over the fresh water 
aquifer. Over 50 percent of the total amount in Table H.22 was sold in Salalah and Al 
Hafa. Not all of these compounds are hazardous materials. However a number of them 
are listed among chemicals on the MAF banned pesticides list in Table H.23. Some of 
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these pesticides probably infiltrate and contaminate the groundwater either in their original 

form or as degraded compounds. 

TABLE H.23 Ministry of Agriculture List of Banned Pesticides 

Aldicarb Fonfos 
Aldrin Heptachlor
 
Azipphos-methyl HPTC
 
gamma-BHC Kepon

Biomophos-ethyl Leptophos
 
Bomyl Mephosfolan

Carbofuran LC Methainidophos 

(Tamaron SL600)

Chlordane Methomyl
 
Chlormephos Mevinphos

DBCP Monocrotophos
 
DDT Oxyamyl LC (Vydate)
 
Demeton Parathion-ethyl

Dieldophos Parathion-methyl (Metac)
 
Dieldrin (dipterex) .hosdate
 
Disulfoton Phosfolan
 
Endosulfan Prothoate (Nogas)

Endrin Sebiadea
 
EPN TDE
 
Ethoptophos LC (Graminaxine) TEPC
 
Fenamiphos LC Terbufos
 

(NemacurGR 10) Thionazin
 
Festhiotan LC Toxaphene
 

Note: Formal regulations under review for adoption in law (Dr. Abdul-Munim Mohammad AI-Mjeini,
MAF/Plant Protection Department, Muscat, pers. comm.). 

Most of the agro-chemcial shops exhibited some degree of control protocol with respect to 
exposure and chemical leakage. Limited chemical leakage and spillage was observed in a 
few cases however. Furthermore, some of the banned pesticides were found to be stock 
items in several cases. It is not known, however, if groundwater contamination by way of 
septic tank disposal is occurring in the commercial area of Salalah that over lies the fresh 
water aquifer. 

The general use of agro-chemicals on various crops is shown in Table H.24. Fruit trees 
appear to receive the bulk of the agro-chemicals used. The extent to which this represents
the small traditional farms as opposed to large commercial farms is not known. However,
the large farms in the Salalah Wellfield area are primarily dedicated to growing fodder. 
Fruit trees are more common on the small traditional farms and small farms may therefore 
play a larger role with respect to potential groundwater contamination. 

The survey team visited three small farms and were able to observe some of the application
practices and storage procedures. One case stands out. At this farm the farmer disposed of 
about 2 kg. of old gramoxone (paraquat) on his farm by burying it near irrigated land. It 
is such casual practices that may lead to groundwater contamination. 

A number of these agro-chemicals can be toxic to wastewater treatment. As with industrial 
waste, the means of distribution, handling, application, and disposal will require control. 

Conclusions 

The investigation established that a variety of industrial, commercial, and agro-chemical
compounds are used in the Salalah area. For the most part, proper disposal is being
practiced. Cases of careless disposal conduct were found however, including dumping at 
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wadis (e.g. Wadi Sahalnawt) and careless disposal of pesticides. Even with the regulatory 
and institutional mechanisms in place. and proposed, it may be necessary to monitor both 
groundwater and influent sewage water as a safeguard to public health and successful 
wastewater treatment. 

H.3.3 Risk to Water Quality and to Wastewater Treatment 

Chemical pollution currently appears to be located south of the Salalah wellfields, and 
assuming seaward flow of fresh water in the upper zone of the fresh water aquifer,
pollution may be somewhat modified by flushing. However, soane of the hydrocarbon 
pollutants may remain residual in soils or behave independently of fresh water movement, 
e.g. petroleum-based compounds and chemicals with low solubility in water. Likewise, 
metals are subject to bonding with soils or mixing as solutions in groundwater. MWR 
data on standard water quality parameters indicate that metallic pollution south of the 
Salalah Wellfield is not unusually high, at least from a health risk viewpoint. The loading 
of heavy metals however have not been studied in sufficient detail to draw any inferences 
on extent of pollution, or ambient contribution to water quality. 

The industrial standards for liquid waste disposal to the public sewer system appear 
adequate for maintaining treatable water except for the BOD standard of 1000 mg/litre.
Optimal biological treatment is attained at BOD levels of 500 mg/litre, or less. The 
standards for metals are stringent and suitable for biological treatment. 

H.4 Public Health 

The Consultant has addressed the concern over the health risk to the general population
under current conditions. The widespread use of soakaway septic tanks and the disposal of 
septic waste into Wadi Sahalnawt have been identified as a potential threat to public health. 
Given that the population of Salalah is expected to increase nearly three-fold from its 
present 77,000 by 2010, what septic problems exist at the present time will likely increase, 
assuming status quo disposal methods and widespread use of soakaway septic treatment. 
Cases of diarrhoea and enteritis, infectious hepatitis, and perhaps typhoid and paratyphoid, 
shistosomiasis (bilharzia), amoebiasis, shigellosis (bacillary dysentery), and malaria are 
likely to increase. 

There have been outbreaks of bilharzia in the past that have required application of 
molluscicides to control snails that are the intermediate host of bilharzia (Githaiga, 1984). 
The control of malarial mosquitoes has also been an on-going programme in the Salalah 
area (Dr. Mohmoud Abd Alaziz Shaban, Supt. Health Affairs. pers. comm.). The 
insecticide spraying program for 1990 included insecticide application at wells, basins and 
ditches. 

Protozoal enteritis (Giardiasis) is transmitted through contaminated water and has been 
reported in Salalah. Helminth infections have also occurred in the Salalah area where there 
are a large number of soakaway septic tanks. However no data were available to confirm 
this. 

The Consultant undertook a programme to sample bacteriological parameters. The results 
show presence of fecal coliforms. Parasite ova are also likely to be present. Samples were 
taken from 31 hand-dug and shallow wells, 17 private wells, and 4 public wells in the 
following areas of Salalah: Al Baleed, Al Hasn, Al Hafa, Awqad, North and South Dhariz, 
and North and South Saada, and West Salalah. Positive counts were obtained from all but 
Al Hasn and North Saada. Al Baleed, Al Hafa, North and South Dhariz, and South Saada 
had total coliform counts of greater than 10 MPN/100 ml. The distribution of the samples 
with positive versus negative results seem to indicate that superficial water contamination is 
occurring in areas where long-term use of soakaway septic tanks exists and that the zone of 
contamination is located in the downgradient of the freshwater aquifer in the traditional 
agricultural areas, old Salalah and Wadi Sahalnawt. 
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TABLE H.24 Pesticides Dispensed From Extension Centres Southern Region - 1990 

Vege- Field Fruit 

Lyqush gUnit tables Crops Trees Total 

Cymbush litre 25 25 
Dimethoate litre 60 324 384 
Metac litre 21 21 
Neuron litre 14 14 
Nogas litre 350 350 
Sansodine litre 3 3 
Sumithion litre 165 165 
Supracide litre 150 150 

Subtotal - Liquids litre 63 515 534 1112 
Pesticide Powders: 
Dipterex kg. 15 750 765 
Dithane kg. 1427 1427 
Grarnoxone kg. 630 630 
Nimarode kg. 3 15 18 
Pirimor kg. 3750 3750 
Ridomil kg. 121 121 
Trymeltox 40 kg. 10 265 275 
X-chloro zinc kg. 1371 1371 

Subtotal - Powders kg. 28 0 8329 8357 
Wetting Agents: 
Agrosol litre 20 20 
Mineral oil litre 254 254 

Subtotal - Liquids litre 0 0 274 274 
Rodenticides and 
Other: 
Gramoxone litre 92 92 
Vydate litre 66 50 116 
Zinc phosphade litre 20500 20500 

Subtotal - Liquids litre 66 0 20642 20708 
Subtotal - Powders kg. 0 0 0 0 

Total liquids litre 129 515 21450 22094 
Total powders kg. 28 0 8329 8357 

Source: MAF Extension Service, Salalah. 

Conversely, samples taken nearer the Salalah Wellfield were negative. The fresh 
groundwater for the public potable supply on the other hand has been found to meet Oman 
biological standards through on-going testing conducted by the Department of Health. 

Another approach to addressing untreated wastewater risk to health is to draw upon data 
that describe the baseline dimension of pathogenic hazard. Table H.25 is a list of water 
borne diseases that are known to occur in the Middle East, subcontinental Asia, and Africa. 
Their level of health risk is also listed. In general, helminth infection is a greater rislk to 
human health than bacterial and viral infections, particularly if the water supply is treated. 
The risk of trematode infection (such as bilharzia) and parasitic protozoan infection varies 
widely, depending upon local circumstances. 
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In general, human waste is largely composed of water and microflora. Most of the bacteria 
composing the waste are non-pathogenic consumers, however there is usually a pathogenic 
component that is present and includes viruses, bacteria, parasitic protozoa, and a variety of 
helminthic and allied parasitic ova. The transmission route may be direct from human to 
human by way of contaminated water or involve an intermediate host such as freshwater 
snail species (like Bulinus wrightii and Bioniphalaria arabica reported from Wadi Darbat by 
Wright and Brown, 1980). Table H.26 is a list of the pathogenic agents associated with 
untreated septage, their typical transmission route, resident media and survival time. 

These data show that helminth ova are a risk not only through the means of traismission 
but also survival time in soil. However, risk is associated with several parameters that are 
important to assessing the risk to health, including the following (Feachum et al., 1983): 

o 	 Latency - the period of time between infection and reinfection which for helminth 
ova may live for weeks to years under ideal moist warm soil conditions. 

" 	 Infective dose - meaning the number of organisms or ova needed to induce 
infection, often measured as ID50, that is the median infective dose or amount of 
agent that will cause 50 percent infection in the host population. 

o 	 Virulence - degree of illness caused by the infection. 

o 	 Contagiousness - the ease or capability at which a pathogen can infect a population. 

The international standard for use of wastewater in agriculture is the complete or near 
complete removal of intestinal nematode ova (to a geometric mean of one or less ova per 
litre of water) and the reduction of faecal coliforms to less than 1,000 per 100 ml. The 
guidelines further state that if these standards are met, other pathogenic cysts and ova, 
including those of trematodes and protozoal, are also reduced to non-detectable levels 
(IRCWD, 1985). 

The international standards are in agreement with the Oman standards with regard to non
detectable presence of helminth ova. The removal of other parasitic organisms are equally 
controlled according to the international guidelines once helminths are rendered non
detectable. Thus treatment designed for removal of helminth ova should make reclaimed 
water safe for use as irrigation water in Salalah. 

The risk of bacterial and viral contamination of reclaimed water is precluded by
chlorination. However as a further safeguard against risk of infection from aerosol spray 
emanating from irrigation, other means of water application should be considered such as 
near surface sprinkle irrigation, drip irrigation, and so forth. 

Helminth ova are usually entrained in sludge during sludge separation. The degree of 
treatment needed to arrest the virulence of helminth ova and parasitic cysts in sludge is 
greater than 6 months storage, or for a shorter period of storage at an elevated temperature. 
The elevated temperature should be at least 50 degrees centigrade according to 
recommendations in the international guidelines. Even though this will render most ova 
non-viable, it is advisable that labourers practice standard hygiene measures such as 
washing after work and wearing uniform while on duty. Disposal options that are being 
considered include dewatering sludge and transporting it for controlled storage at the 
Raysut Landfill at Wadi Qaftawt. 
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TABLE H.25 Major Pathogenic Agents Potentially Associated With 
Untreated Domestic Wastewater 

Viruses II] 
Adenoviruses L 
Enteroviruses [21 L 

Hepatitis A virus L 
Rotavirus L 
Bacteria 
"Enterobacteria M 
E. coli M 
"Enterococci M 

Campylobacter fetus M 
- Clostridia M 
Somenella typha M 
Somenella paratyphi N1 
Shigella spp. 
Vibrio cholerae 
Yersinia 
enterocolitica 
" Bacteroides 
" Bifidobacteria 

Protozoa
 

T&hxmoeba hisy&a 
Giardialamblia 

Plasmodiumspp. 
Helminths and 
allies 
Fi4robiusvermiuaris 
Ascaris lumbricoides 
Schistosomiasis 
mansoni 

Notes: 

M 
M 
M 

V 
V 
L 

V 
H 
M 

I. Relative health risk from 

respiratory disease
 
polio, dengue and other conditions (gastroenteritis, meningitis,
 
heart anomalies, etc.)
 
infectious hepatitis
 
diarrhoea, gastroenteritis
 

commensal bacteria, some can be pathogenic
 
dian'hoea 
fecal streptococci 

diarrhoea 
diarrhoea, food poisoning 
typhoid fever 
paratyphoid fever 
bacillary dysentery 
cholera 
diarrhoea and septicemia 

amoebic dysentery 
diarrhoea and malabsorption 
malaria (31 

pin worm 
round worm 
bilharzia, mainly excreted inurine 

use of untreated wastewater in agriculture: L- least chance of 
infection (1D50 1.0 E+I0 N/ml), M - intermediate risk, H- highest risk of infection (1D50
10 ova/ml), and V - variable risk from low to high. 

2. 	 Eenteroviruses and arboviruses. 
3. 	 The intermediate host of the parasite isthe Anopheles mosquito. 

The life cycle of the mosquito is approximately 2weeks. 

Source: Crook. 1982; Gunnerson et al., 1985; IRCWD, 1985. 
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TABLE H.26 Transmission and Survival Time of Major Water 
Related Pathogenic Agents 

Sur-
Excreted vival 

Load Water-borne Time 
(N/gm) Transmission (days) Media 

Viruses III
 
Adenoviruses H 11
 
Enteroviruses [21 107 H H, mosquito 20 
 water
 
Hepatitis A virus H H
 
Rotavirus H H
 
Bacteria
 
- Enterobacteria 5 x 107 H H
 
E. coli 	 107 H H 
*Enterococci 2.5 x 107 H H
 
Campylobacterfetus 106 H H
 
* Clostridia 4.0 x 107 H H 2 to 20 soil 
Somenella typha 106 HH 87 to 104 water 

2 to 120 soil 
10to53 vege

tablesSomenella paratyphi 106 H H 	 15 to soil 
280+ 
100+ grass 
200+ pasture 

3 to 40+ vege
tables 

Shigella spp. 106 H H 7 vege
tables 

42 grass
Vibrio cholerue 106 H H, vegetables 30+ water 

5 to 14 	 vege
tables

Yerniaenkrocoika 106 H H 
" Bacteroides 3.25 x 108 H H 
" Bifidobacteria H H 
Protozoa
 
Entamoeba histolytica 104 H H 
Giardialamblia H H, animals 
Plasmodiun spp. H II, mosquito 131 
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TABLE H.26 (Continued) 

Sur-
Excreted 	 vival 

Load Water-borne Time 
(N/gm) Transmission (days) Media 

Helminths and 
allies 
Ahmrobwusvemnkuhris 103 H H 
Ascaris lumbricoides 104 H H, 730 to soil 

soil 2010 
27 to 35 vege

tables 
Schistosoniasis 40 H F W 2 [4] water 
mansoni snail 

Notes: 

I. 	 Transmission: H " H, human to human through contaminated water; 
H ' H, vegetables, human to human through contaminated vegetables or irrigated food
 
crop,
 
H " H, soil, human to human through contaminated soil;
 
H H, animal, mosquito, freshwater (FW) snail, human
 
to human through intermediate vector host.
 

2. 	 Eenteroviruses and arboviruses. 
3. 	 The intermediate host of the parasite is the Anopheles mosquito. 

The life cycle of the mosquito is approximately 2 weeks. 
4 	 Cercaria which invades humans trough the skin live inwater outside of the snail for about 

48 hr. Bulinus spp. and Biomphalariaspp. most likely vector snail species to occur in 
the Salalah area. 

Source: Adapted from Crook, 1982. 

H.5 Environmental Issues of Masterplan Implementation 

Environmental compliance centers on Royal Decree 10/82 and related regulation discussed 
in Section H.l. The Oman water quality standards, wastewater discharge and reuse 
standards, liquid industrial disposal standards to a public sewer system are of obvious 
importance in the development of water supplies and treatment of wastewater. The 
Consultant established the need for conserving and augmenting water supply and 
improving public sanitation through a new wastewater treatment works. The feasibility of 
developing additional water supplies through new sources, including reclaimed water, will 
depend in part on adequately complying with Omani regulatory standards. 

Water quality standards for discharge to the marine environment will not involve reclaimed 
water disposal if infiltration and/or injection options prove feasible. This is not the case if a 
marine outfall is required for emergency disposal. An extensive study would be required to 
determine feasibility and environmental compatibility. 

Coupled with water quality compliance, a number of issues relate to the resource base 
discussed in Section H.2. The include site location, construction, and operation impacts on 
the public health, sensitive environmental areas (e.g. springs, khors, wetlands, protected 
areas, and cultural/archaeological resources), endangered species (e.g. mangrove and sea 
turtle breeding habitat), and impact relating to traffic disruption, odour, socioeconomics 
and land use. 

H-42 

V 



The feasibility of water reclamation is in part dependent on the existing environmental 
conditions affecting water quality. The findings of the industrial and agro-chemical 
hazardous waste survey discussed in Section H.3 indicate that pollution levels are not 
overwhelming. However, operation of the Wadi Qaftawt Stabilization Ponds for liquid 
industrial waste and solid waste disposal at the Raysut Landfill are essential for feasible 
plan options. 
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APPENDIX I 

PRELIMINARY ENGINEERING 

1.1 Wastewater Preliminary Design Bases 

1.1.1 Sewers 

For planning purposes, sewer flow capacities have been estimated using the Manning
formula, V = (R23 S It-) / n, where R is the hydraulic radius (A/P) in m, S is the slope and n 
is the roughness in m 1/6, assuming the pipe to flow full at the computed daily peak flow 
rate. Values of n at 0.013 have been selected conservatively in order to allow for possible 
deterioration of the pipe walls over time. 

It is necessary to establish minimum design velocities in order to minimise both loss of pipe
capacity by sediment accumulation and sulphide formation and consequent corrosion of 
exposed corrodible surfaces. To minimise costs, it is proposed to limit such surfaces by
constructing all sewers of corrosion resistant materials or with corrosion-resistant linings.
On those bases, a minimum calculated velocity of 0.6 m/sec. has been used. Since many 
sewers will be under-utilised in the early years, this minimum velocity will be applied to the 
daily peak rate of flow expected to be achieved within the first five years of the programme. 

The suggested pipe material for both house connections and street sewers is uPVC, which 
has a lower cost than vitrified clay pipe. Both materials are considered suitable for the 
warm climate in Salalah, where an important consideration is resistance to potential acid 
attack from the sulphides generated by wastewater. While vitrified clay pipe is rugged and 
long lasting after placement in the ground, it is susceptible to high breakage rates during
shipping and installation and is expensive. Recently uPVC pipes have been used in 
Muscat, and it is possible that uPVC pipe could become even more economical that 
estimated herein, if a pipe factory were established in Salalah. For sewer over 450 
millimetres diameter, vitrified clay or lined concrete would be used. 

An estimated 84 percent of the total length of sewers would be 200 mm in diameter, which 
is the minimum size normally adopted to assure ease of maintenance, and is also the 
minimum size recommended in Omani guidelines for town planning. On average, each 
house plot served will require about 10 m of sewer. 

1.1.2 House Connections 

Estimates of sewer length do not include the length of house connections, which have been 
allowed as 150 mm size having an average length in the order of 30 m per house (based on 
the preliminary layouts of street sewers, which are subject to refinement during final design 
to find the optimal balance between length of street sewer and length of house 
connections). 

1.1.3 Pump Stations 

Pump station capacities have been taken to be the sum of the capacities of the pumping
units with the largest unit out of service. Wet pit submersible type pumps capable of 
passing large solids are proposed in order to avoid the nuisance potential and maintenance 
requirements of screens. 

The provision of standby power generation for pump stations is proposed on 
environmental grounds. 

Because of the relatively high ambient temperatures for much of the year and the high
cultural level of environmental sensitivity in Salalah, particular attention will be given to the 
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control of odours at pump stations located within dense urban and commercial areas. 
Submersible pump installations will be underground and totally enclosed (except when the 
access cover is removed for maintenance purposes). A typical pumping station is shown in 
Figure 1.1. 

1.1.4 Wastewater Reclamation 

1.1.4.1 Cost Minimisation 

The systems proposed for treating wastewater and processing sludge have been selected to
provide safe wastewater and sludge products, and be economical. These comments 
address selection of specific treatment plant components with an eye to economy. 

Although some wa.tewater treatment plants are built without primary settling, the 
Consultant believes that primary settling should be provided for the Salalah plant. Primary
settling tanks provides for a less expcnsive overall plant because BOD and suspended
solids are removed and because properties of sludge products are improved. Without 
primary settling, the aeration-tank portion of the activated sludge system would have to be 
made about fifty percent larger than with primary settling, and aeration costs would be 
substantially higher. In addition, sludge from a plant with primary settling dewaters better 
then sludge from a plant without primary settling. With improved dewatering, capital and 
operating costs for dewatering decrease. Further, the cost of further processing and 
transportation also decreases, because processing is strongly impacted by [he volume of 
sludge processed. 

The process recommended for removing nitrogen (with a denitrification step ahead of 
nitrification) has been found to be less costly than alternative systems where denitrification 
follows nitrification. With denitrification following aeration, methanol or a similar 
compound must be added to provide the carbon source required for denitrification to
proceed. With denitrification ahead of nitrification, the wastewater itself provides the 
carbon source. 

A common process of stabilising sludge is anaerobic digestion which involves the 
decomposition of organic and inorganic matter in the absence of molecular oxygen.
However, given the importance of the nitrogen removal aspect of the secondary processes,
digestion of sludge has an adverse effect. The supernatent liquor, which must be returned 
to the secondary effluent for treatment, has a high ammonia content. This adds 
significantly to the secondary treatment capital and operating costs. 

An alternative train for sludge processing is gravity thickening for primary sludge and 
gravity belt thickening for waste activated sludge. These have both been shown to be
reliable processes. and at lower costs than alternative processes. Belt filter presses for 
dewatering the combined thickened sludges have also been reliable. For plants of the size 
of the Salalah plant, belt filter presses have been found to be economical, compared to other 
processes. 

In the final evaluation, the Consultant narrowed stabilisation alternatives to two processes
anaerobic sludge digestion and use of cement kiln dust. Digestion leads to additional 
expense because the sidestream from dewatering digested sludge would contain high
concentrations of ammonia. With the sidestream returned to the head of the treatment plant,
the concentration of ammonia to be treated would increase by about 50 percent over raw 
wastewater. With the increase in ammonia concentration, power costs for aeration would 
increase by about a third. In addition, construction costs would be high for the digestion 
tanks. 

On the other hand, the alternative stabilisation process - with cement kiln dust - would have 
a lower construction cost. At the same time, the dust, which appears to have been
accumulating at the cement factory, would be used in an environmentally productive way. 
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The product could be used without restriction, such as a cover for the landfill or as a soil 
material. 

The final selection for the sludge processing train will be made in the the outline defign
stage, in the detailed comparison of process options. 

1.1.4.2 Wastewater Treatment Capacity 

Appendix A indicates the way in which the quantities of wastewater will increase over time 
as the collection system is developed with the ultimate flow in 2020 being 42.6 MLd.
However, it is proposed that by year 2000 at least part of the wastewater from the Nev. 
Industrial Area and Raysut Industrial Area will be pumped to the Wadi Qaftawt Treatment
Plant. The resulting flows to be treated at the central system wastewater reclamation plant
would then be approximately 20 MLd in 2005, 30 MLd in 2010 and 40 MLd in 2020. 

The series of events necessary to bring the wastewater reclamation plant through design
and construction to commissioning will take until about mid 1995. To give the plant an 
economical and practical design capacity of about ten years before extensions are 
necessary, it must be capable of providing tbr a year 2005 flow of about 20 Mid. This is 
50 percent of the ultimate design flow. 

The plant would therefore be designed so that generally each process would require four 
units for the ultimate flow with only two of each being constructed by 1995. Figures 1.2 
and 1.3 show a flowsheet and preliminary layout of the wastewater reclamation plant. 

1.1.4.3 Process Units 

Table 1.1indicates the design criteria and plant capacities required for the ultimate flow of
40 MI/d and the 1995 Stage 1 flow of 20 MI/d. Sketches of typical process units are 
presented as Figure 1.4 - 1.11. 

TABLE 1.1 Wastewater Reclamation Plant - Process Summary 

Wastewater Flows
Ultimate Priority Works 
Year 2020 (Stage 1) 

Flows (Ml/d) 
Average 40 20
Maximum day 64 34
Peak 95 54 

Influent concentration (mg/I)
Biological oxygen demand 356 372 
Total suspended solids 420 441
Ammonia nitrogen 71 73 

Required effluent criteria 
Biological oxygen demand (mg/I) 10 10 
Total suspended solids (mg/I) 10 10 
Total N (mg/1) 30 30
Kjeldahl N (mg/I) 5 5 
Ammonia N (mg/l) I I
Nitrate N (mg/I) 10 10 
Phosiphorus (mg/I) 20 20 
Dissolved oxygen (mg/I) 2 2 
Total coliforms (MPN/100 ml) 2.2 2.2 
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Flow metering (number) 
Magnetic flow meter on incoming forcemain 

Bar Racks/Screns
 
Mechanically cleaned 

Hand cleaned (by pass) 

Width (m) 

Depth (m) 

Bars (mm) 

Spacings (mm) 


Grit chambers (Vortex type)
 
Number 

Diameter (m) 


Primary Settling Tanks
 
Number 

Diameter (m) 

Overflow rate (m3/m2/d)
 

Average flow 

Maximum day flow 


Aeration Tanks (with digestors) 
Anoxic and nitrification zones 

Mixed liquor suspended solids (mg/) 
Anoxic Zone 

Volume (m 
3
) 

Detention time (hr) 
Nitrogen to be reduced (kg/d) 
Intema.' recycle ratio 

Nitrification Zone 
Volume (m 

3
) 

Detention time (hr) 
Solids retention time (days) 

Aeration Requirements 
Peak air flow (m3/min) 
Number of blowers operating 
Standby 
Total number of blowers 
Capacity of each blower (m3/min) 
Power to each blower (kW) 

Aeration Tanks (without digestors) 
Anoxic and nitrification zones 
Mixed liquor suspended solids (mg/l) 
Anoxic Zone 

Volume (m 
3
) 


Detention time (hr) 

Nitrogen to be reduced (kg/d) 

Internal recycle ratio 


Nitrification Zone 
Volume (m 

3
) 

Detention time (hr) 
Solids retention time (days) 

Aeration Requirements 
Peak air flow (m3/min) 

Number of blowers operating 

Standby 

Total number of blowers 
Capacity of each blowet (m3/min) 
Power to each blower (kW) 

I 

2 1 
I I 
I I 
3 3 

10 10 
20 20 

2 2 
3 3 

4 2 
24.2 24.2 

21 21 
54 60 

3500 3500 

12000 6000 
7.6 7.57 

1342 658 
2.74 2.66 

27000 14000 
17 18 

9.0 9.0 

2215 1215 
4 4 
1 1 
5 5 

468 468 
509 509 

3500 3500 

12000 6000 
7.60 7.57 
1381 679 
2.84 2.74 

26000 13000 
16 16 
9 9 

1705 936 
4 2 
I I 
5 3 

468 468 
509 509 
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Secondary Settling Tanks
 
Number 

Diameter (m) 

Overflow rate (m3/m2/day)
 

Average flow 
Maximum day flow 


Sludge volume index (mL/g) 


Secondary Sludge Pumping 
Return sludge
 

Return ratio 

Pumps 

Capacity each (L/s) 

Head (in) 

Power each (kW) 


Waste sludge
 
Pumps 

Capacity each (L/s) 

Head (m) 

Power each (kW) 


Effluvo, Filters 
Number 

Length each (m) 

Width each (m) 

Filtration rate-average (L/m2/min) 

Filtration rate-peak (L/m2/min) 


Chlorination 
Dosage (mg/L) 

Requirement at peak flow (kg/d) 


Chlorine contact tanks 
Number of units 
Volume of each (M 

3
) 

Depth (m) 
Length to width ratio 
Width of channel (m) 
Length of channel (m) 
Detention time at max day (hr) 

Solids Process criteria 

Sludge quantities (kg/day) 
Primary sludge 
Secondary sludge 
Total sludge 

Gravity thickeners for primary sludge 
Number 
Diameter 
Loading rate (kg/m2/d) 

Gravity belt thickeners for waste 
activated sludge 

Number operating 
Number standby 
Total number 
Belt width each (m) 
Operating time (hr/wk) 
Loading rate (L/m/min) 

4 
31.2 

12 
32 

150 

0.8 
5 

180 
3 

7.5 

2 
10 
10 
2 

6 
26.1 

6 
28 
73 

5 
493 

2 
2931 

4 
40 

4.3 
171 
2.2 

Without Dijestors 
Ultimate Initial 

15,076 7,836 
9,818 5,075 

24,893 12,91 1 

2 2 
8.9 8.9 
120 62 

2 I 
0 I 
2 2 
2 2 

60 60 
681 681 

2 
31.2 

12 
32 

150 

0.8 
3 

180 
3 

7.5 

2 
10 
10 
2 

3 
26.1 

6 
28 
81 

5 
276 

1 
2931 

4 
40 
4 

171 
2.0 

With Diestors 
Ultimate jnita 

15,760 8,192 
10,271 5,309 
26,03 I 13,501 

2 2 
9.1 9.1 
120 62 

2 1 
0 I 
2 2 
2 2 

60 60 
681 681 
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Belt filter presses 
Number operating 5 3 5 3 
Number standby I 1 1 I 
Total number 6 4 6 4 
Belt width each (m) 2 2 2 2 
Operating time (hr/wk) 40 40 40 40 
Loading rate (kg/m/hr) 436 377 319 276 

1.1.5 Groundwater Recharge System 

The groundwater will be recharged with reclaimed effluent. This will be done either at 
Garsiz Farm and along the northern edge of the traditional agricultural strip by means of 
injection wells or at Garsiz Farm alone by means of infiltration beds. Pre-design studies 
will be conducted to establish which method and what design criteria will be used (see 
Appendix N). 

A possible layout for an injection well system at Garsiz Farm is presented as Figure 1.12. 
This is based on the conservative assumption that wells will need to be spaced at 250 metre 
intervals in order to keep the recharge rate for each well low enough to avoid water table 
mounding. It also provides for the possibility of recharging the full flow of reclaimed 
water at Garsiz Farm when necessary. Individual wells would be designed as would water 
supply wells for the same aquifer (see Figure 1.13). Each well would be provided with 
flow and pressure monitoring equipment. Monitoring wells will be provided to enable 
continuous records of groundwater level and quality to be maintained. 

A tentative layout and cross section of an infiltration bed recharge system are presented as 
Figures 1.14 and 1.15. This layout is based on the conservative assumption that a total of 
60 hectares of infiltration beds will be needed at Garsiz Farm when the reclaimed water 
flow reaches approximately 36 MLd in 2020. It assumes recharge through beds that are 
filled with water for about halfof the time and are resting for the other half. The assumed 
effective infiltration rate is therefore 5.0 mm/hour as compared with observed field test 
rates around Garsiz Farm averaging approximately 160 mm/hour. 

1.1.6 Effluent Disposal System 

Effluent disposal, as a backup to aquifer recharge, is proposed to be done by injection into 
an otherwise unusable aquifer, by infiltration into a brackish groundwater system, or by 
means of an ocean outfall. 

Pre-design studies are to be conducted to establish which method should be used arid also 
to determine the design criteria for the selected method (see Appendix N). 

Although the disposal system is not expected to operate continuously, and is seldom 
expected to carry the full current flow of effluent, it must be designed for the possibility of 
carrying the full flow, at least for a limited period. 

As for the recharge system, injection wells will be designed on the basis of observed 
aquifer conditions. Their location will be selected with the possibility in mind of 
improving, by reducing the salinity over time, the water quality of the recipient aquifer with 
a view to making it usable for limited irrigation purposes. Monitoring facilities will be 
included. 

For infiltration disposal at Wadi Daha, the preliminary assumption has been made that the 
facilities would be laid out with the long axis laid parallel to the ground surface contour. 
The tentative location selected is that shown for the infiltration disposal test in Appendix N. 

1-17 

-(A' 



GARSIZDISTRIBUTION LINE -*

1-400mm DIAMETER 

RECHARGE WELLS 250m APART 

N 

! 2Km 

DAMES & MOORE / CDM 

WATER SUPPLY AND WASTEWATER 
MASTERPLAN FOR SALALAH 

POSSIBLE INJECTION RECHARGE
 
LAYOUT AT GARSIZ FARM
 

FIGURE 1-12 

1-18 



GROUND 	 SURFACE 

250mm CONDUCTOR PIPE 
I' % 'C; 
 --	 450 am HOLE 

400mm CASING 

.
 300mm SCREEN 

474 
!I: I?:
: 


-	 i 
I 

DAMES & 	MOORE /CDM 

WATER SUPPLY AND WASTEWATER 
... MASTERPLAN FOR SALALAH 

TYPICAL INJECTION RECHARGE 
WELL 

FIGURE 1-13 

1-19 



Kt K. K X, 

(10) (9) 

(7) (8) 

STATONkTREATED STTO 

EFFLUENT 

RC 'ION 
PLANT 

(6) 
(5) 

E 

- (1) (4) 

TYPICAL TWO 
400mm PIPELINES 

TYPICAL 
INFILTRATION 

BASIN 

() 

B' 

J 

3 

TYPICAL BASIN 

458m 223 

DAMES & MOORE /CDM 

WATER SUPPL.Y AND WASTEWATER 
MASTERPLAN FOR SALALAH 

TYPICAL LAYOUT OF A 60 HECTARE 
INFILTRATION FACILITY 

FIGURE 

1-20 

1-14 N.T.S 



%n ........ CRUHETOEI"1 INMPRMFABLE CORE ""[- 2 30nmn SANDBASIN BOTT'OM 

I 

- 20mDI. SUPPLY
IPIPELINE CTYPICAL) 

SECTION B-B' 

" 

I 

' [ " 5ram --- m SOIL 

CRUSHIED STONE 

CONCRETE 
SPLASh PAD 

TYPICAL 200mm D.I. INFILTRATION 
PIPELINE AND DIFFUSER HEADER DETAIL 

SECTION A-A' 

DAMES &MOORE/I CDM 
WATER SUPPLY AND WASTEWATER 

MASTER PLAN FOR SALALAH 

TYPICAL DETAILS OF 
INFILTRATION 

BED CONSTRUCTION 

FIGURE 1-151 



1.1.7 	 Odour Control 

Design precautions will be taken to minimise odour production. The portions of the plant
where such precautions are most needed are the inlet headworks, the primary settling tanks
and the sludge treatment areas. The principal measures proposed include minimising any
turbulent flow that would release entrained gas, covering critical units, and treating
extracted air from covered units and certain buildings by passage through soil filters. 

1.1.8 Special Design Provisions 

All items of plant and equipment will be fully protected against deterioration due to the
harsh coastal environment. Measures will be taken to inhibit both corrosion and fungus
growth. Equipment will be capable of operating over the range of ambient temperatures
and humidities experienced at the site. 

All facilities incorporating exposed water surfaces will include provisions to cancel any
dangerous attraction to birds that the water surfaces may prove to have. This is to minimise 
any risks to low flying aircaraft. 

Contract documents will provide for carefully controlled backfilling around pipelines in
order to prevent damage by the prevalent stony soil. Such provisions are illustrated in 
Figure 1.16. 

1.1.9 	 Screening and Landscaping 

Special attention will be given to a landscaping scheme within the area of the site to provide
an aesthetically pleasing environment by providing grassed areas, shrubs and trees. Carewill be exercised in selecting those species of trees that do not shed foliage that could get

into the treatment units and cause problems. A barrier area around the reclamation facility

will be planted with trees and shrubs graded in height to establish a sight screen. Those
 
will be irrigated with effluent.
 
Consideration will also be given to shrub and tree planting at the pumping station sites,
 
where feasible, to provide sight screens.
 

1.2 Water Supply Preliminary Design Bases
 

The pipe materials currently used in the Salalah water supply system are:
 

o 	 Cement-lined ductile iron in diameter from 100 to 600 mm.
 

o 	 Unplasticised PVC in diameter up to 300 mm.
 

o 	 Galvanised steel (wrapped) for service connection rises and uPVC for buried 
portions of service connections. 

The continued use of these materials is proposed. 

The analysis of system expansion options has been based on the maintenance of peak flows 
of heads of 30 metres in the primary distribution system and 20 metres in the secondary
system. The provisions of Section 1.1.8 above apply to water supply facilities as well as to 
wastewater works. 
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APPENDIX J
 

PERIPHERAL SYSTEMS
 

J.l Background 

The potable supply systems for three communities are considered herein: Taqah, Mirbat 
and Sudh. The locations of distribution reservoirs, water mains and service area 
boundaries are shown on Figure J.I for Taqah and Mirbat, and Figure J.2 for Sudh. 

In addition to these distribution systems, 21 small villages along the coast have been 
provided with wells, which supply flows ranging from about 4 to 10 m3/d. Other inland 
settlements are served by private bowsers, supplied from either private wells or from the 
potable distribution systems. 

J.2 Taqah and Mirbat Systems 

The towns of Taqah and Mirbat are served by six wells in Wadi Darbat, from which the 
water is conveyed about 4 km to Taqah and 35 km to Mirbat. Diesel generators (one 310 
kVA unit, and two 125 kVA units), located in ; compound along the pipeline to Mirbat, 
provide electrical power for the well pumps. The wells are operated about 8 to 10 hours 
per day. 

The three wells serving Taqah are each rated at 7 to 8 Ips. Two years ago, salinity 
problems were encountered in Well No. 3, which were solved by raising the pump 20 m to 
avoid high-salinity water (EC above 10,000) at the bottom of the well. Total production 
from the three wells amounts to about 500 m3/d. A 200 mm line collects water from the 
three wells and delivers it to a distribution reservoir (capacity of 2400 m3, at Elev 85 m). 
Chlorine is added at the entrance to the reservoir. A 200 mm line carries the water to 
Taqah, where a ring main and small pipe branches serve about 500 metered customers; the 
served population is estimated at 5000 persons. A pressure-reducing valve has been 
installed to limit pressures and reduce the frequency of PVC pipe bursts. The system was 
built in 1984. 

Three wells serve the Mirbat system: two wells of 5 ips capacity and one well at 15 Ips. A 
150 mm line connects the three wells and carries the flow to the Compound for chlorination 
(dosage of 0.6 mg/L). Other facilities at the Compound ir:clude the diesel generators, and 
two hydropneumatic tanks for surge protection on the 35-km pipeline (150 mm size) to 
Mirbat. Two distribution reservoirs for Mirbat are located on a hill at Elev 55 m near the 
shore at the entrance to the town, and consist of a 500 m3 steel tank installed in 1983, and a 
2500 m3 concrete tank installed in 1985. Production in February, 1991 amounted to 573 
m3/d, while the metered use for 673 customers was 454 m3/d in January, 1991. The 
served population is about 5000, including about 400 in nearby villages served by private 
bowser. The system was built in 1983. 

J.3 Sudh System 

J.3.1 Introduction 

Sudh is located approximately 120 kilometres by road east of Salalah on the Zalawt Plain as 
shown on Figure J.3. The spring rises in the Jebel Samhan and drains into Wadi Shiliyarn 
which crosses the Zalawt Plain to the coast. 

Sudh isa small fishing community, supporting a hospital, police station, school, bank and 
shops. It lies at the mouth of Wadi Sudh. Traditionally, water for domestic use and stock 
watering has been obtained from local waterholes. In recent years, the waterholes have 
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become increasingly 	saline and water for domestic purposes has been obtained from a 
welifield at Juffa village and from Leger Spring. The Consultant undertook a study in 
February 1991 to evaluate the existing water supply system and if possible identify
additional water supplies to meet the future demand of the area. This section provides a 
summary of a detailed report on Sudh submitted by the Consultant in May 1991. 

J.3.2 Existing Water Supply System 

The water demands of Sudh are met by a dam constructed across the base of the Leger
Spring. The water is brought to Sudh along a 25 km pipeline with take off points at Leger, 
Shiliyam, Artheit, Juffa Army camp army, Juffa Wali Office and Juffa new village. The 
water at each take off point supplies standpipes, cattle troughs and bowser gantries. In 
addition house connections have been made in Sudh and Juffa new village. The 
consumption for each spur based on flow meter readings at the main take off for December 
1990 is presented in Table J. I and the annual supply to Sudh village is shown in Table J.2. 
The existing concrete reservoir of 273 cubic metres capacity is insufficient to meet demand 
during the dry period. Additional land has been reserved for construction of another 
reservoir at a later stage. The existing system connects all government buildings and 
private dwellings to the water supply, providing potable water to the whole community of 
Sudh. 

TABLE J.1 Leger Spring Water Distribution for December 1990 

Location 	 Type of Supply Volume (m3 ) 

Leger 	 Standpipes, cattle trough, bowser points 13.64 

Shiliyam 	 Standpipes, cattle trough 157.43 

Artheit 	 Cattle trough, bowser points 545.70 

Juffa Wali Office 	 Standpipes, Govt. buildings 91.67 

Juffa Army Camp 	 Government buildings 60.12 

Juffa Social Housing 	 [louse connections 208.27 

Sudh Village 	 House connections, Govt. buildings, cattle trough, bowser 3491.02 
point 

Total 	 4570.17 m3/month 

147.4 m3/day 

J.3.3 Physical Setting 

J.3.3.1 Physiography 

The mountains of the JLbel Samhan reach an altitude of 1800 metres. The Zalawt Plain, is 
approximately 23 kin wide and 60 km long. The plain slopes gradually from 400 masl at 
the foot of the scarp to 75 metres near the coast and is dissected by several wadi systems. 

J.3.3.2 Drainage 

The drainage of the Zalawt Plain consists of several closely spaced wadi systems with 
ephemeral flow from cyclonic and khareef rainfall. The wadis control present surface and 
groundwater flow. They have a south to southeast flow direction, are usually shallow with 
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the deposits of gravel and generally controlled by natural geologic structures such as faults 
and dykes. Where dykes cross the wadi courses they can form natural dams to the 
subsurface flow. 

TABLE J.2 Monthly Water Supply to Sudh Village for 1990 

Month Volume (m3) 

January 2897.51 
February 3422.53 
March 2971.68 
April 4266.93 
May 3772.75 
June 3742.02 
July 3633.00 
August 3377.72 
September 3342.35 
October 3539.91 
November 4089.27 
December 3491.02 

Total 42546.69 m3/year 

Wadi Shiliyam is one of the largest and most extensive of the wadis on the plain. It is 24 
km long and flows in a southeasterly direction. Leger Spring is the source of Wadi 
Shiliyarn and is developed at the contact between the basement complex and the overlying 
Tertiary limestones. A talus slope obscures the contact. The wadi bed is narrow and 
deeply incised to 100 metres. The middle course is wider, capturing the lesser wadis of 
Attar and Ithika. In the lower course, the wadi narrows again and becomes incised where 
it flows through gneiss. At the coastal outlet of Wadi Shiliyam, brackish pools are present,
separated from the sea by a sandbar. Wadis, such as Gish Gish, Arsit and Sudh, rise 
within the basement plain and obtain most of their groundwater replenishment from 
rainfall. 

J.3.4 Geology and Hydrogeology 

J.3.4.1 Regional Geology 

The geology of the Zalawt Plain around Sudh is shown in Figure J.4. It consists 
predominantly of quartz-feldspar-hornblende-mica gneisses and quartz-mica-hornblende
schists cut by two series of igneous intrusions. The older intrusions are irregular sills and 
dykes of pink granite, pegmatite and aplite, while a younger series of basalt/dolerite dykes
cuts through all other rocks. The dominant foliation and banding of the gneisses strikes 
northeast and dips from 30 to 800 to the southeast. 

The foothills of the Jebe! are capped with high Quaternary terraces, the remains of an older 
now completely dissected alluvial fan. Gravel deposits tend to be thicker in wadis which 
rise at the foot of the Jebel, e.g., Wadi Shiliyam, than Wadis Gish Gish and Sudh, which 
rise on the plain. The gravel deposits consist of boulders, gravels, sands and silts. 

J.3.4.2 Local Geology 

Leger Spring, which is the source ci Wadi Shiliyarn, is a contact spring between the 
permeable Umm Er Radhuma Formation and the less permeable Cretaceous Aruma Group
(Figure J.5). The spring developed along minor faulting and fissuring associated with the 
intrusion of an isolated plug of quartz monzonite. The quartz monzonite is fractured but 
impermeable and tends to channel spring flow down to the wadi gravels. Gravel deposits 
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overlie the gneissic basement along the Jebel Front as remnant outwash fans or form relic
gravel terraces between the wadi channels on their upper plain where they have not been 
removed by erosion. The gneisses and schists are exposed along the length of the wadi 
channel to Sudh. These rocks are intersected by two sets of dykes. The dykes, being the 
youngest and most resistant rocks, form topographic ridges and can form subsurface dams 
across the wadis, which may channel ground,,ater flow, such as occurs at Juffa wellfield. 
The wadis contain silts, sands and gravels derived front the surrounding bedrock, with 
some clay from the weathering of rocks. The depth of wadi gravels and depth of 
weathering is highly variable. Gravel deposits usually form the best water-bearing strata,
especially on basement rocks. Wadis Gish Gish and Shiliyarn were investigated at various 
points along their length to find the deepest gravel deposits. Neither survey covered a 
large area and only thin gravel deposits were identified. 

J.3.4.3 Hydrogeology 

The main aquifer of the region is the Lower Umm Er Radhuma Formation, of which Jebel 
Samhan is largely composed. Groundwater is augmented by rainfall and khareef 
precipitation. 

Most groundwater flowing to the plain appears to seep from the permeable Umm Er 
Radhuma at its contact with the Cretaceous limestone into the talus and then down to the 
plain. The length of the cliff face within the catchment of Wadi Shiliyam and its main 
tributary Wadi Attaya is about 17 kilometres. 

Groundwater flowing across the plain can move either through the basement gneisses and 
schists or the wadi deposits. Groundwater flowing from the limestone into the talus and 
superficial wadi gravels may also be channelled along fault zones. While the closed faults 
can restrict flow, the open faults can effectively channel groundwater. 

The basement complex has groundwater flow characteristics unlike that of limestone. 
Fissures are not opened by solution and so storage and flow is generally low. Granular 
permeability is restricted within these rocks and groundwater movement is confined largely
to permeability within fissures. The wadi gravels have a much higher permeability and 
storage than the gneisses and schists. Groundwater levels within gravels are raised where 
the wadi channel is narrowed, particularly behind rock bars crossing the wadi. 

The sands and gravels associated with the larger wadi systems provide most groundwater 
storage. For Wadi Shiliyam and its main tributaries the length of the wadi course totals 
approximately 80 km. Assuming a saturated gravel thickness of 8 metres, an average
width of 30 metres and a specific yield of 10 percent, the groundwater storage of the wadi 
could amount to about 1.9 million cubic metres. 

J.3.4.4 Water Quality 

The groundwater of the region has two sources: either from springflow or infiltrating
rainfall runoff. Water quality of springs flowing from the Umm Er Radhuma is good with 
electrical conductivities in the range of 600-700 microsiemens/cm. The groundwater of the 
basement plain is generally more saline with electrical conductivities commonly above 1500 
microsiemens/cm. Salinities have increased by the dissolution of minerals from the rock 
matrix into the groundwater. In this way groundwater quality generally deteriorates with 
increased residence time and distance from the Jebel front. Groundwater quality on the
plain is likely to improve dramatically after rain as a result of flushing. Salinity levels will 
also rise where boreholes are being overpumped and brackish groundwater is being drawn 
from the weathered basement. 

Water quality was measured by the Consultant at eight locations. Figure J.6 shows these 
sampling points in relation to the main wadi systems and Table J.3 summarises the results. 
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TABLE J.3 Field Water Quality Data 

Inventory Wadi Name pH E C Temp.
 
Point No. uS/cm Deg. C
 

I Shiliyarn (Leger Spring) 8.3 690 24.0 
2 Shiliyarn 7.0 1690 28.1 
3 Shiliyarn 7.3 1780 26.0 
4 Ithika (Shiliyam) 2200 26.0 
5 Ithika (Shiliyam) 7.3 2300 25.8 
6 Ithika (Shiliyam) 6000 25.5 
7 Gish Gish 3300 26.6 
8 Sudh 6.9 2900 24.1 

The measurements confirm that groundwater salinities are significantly lower for Leger 
Spring than the other locations on the plain which abstract water from wadi gravels. Table 
J.4 compares the results of the current visit with measurements taken by previous 
Consultants, Halcrow (1977), Pencol (1978), Consultant Engineering Services (1981) and 
Ministry of Agriculture and Fisheries (1990). 

TABLE J.4 Historical Water Quality Data 

Inventory Location Date pH E C Notes
 
Point No. uS/cm
 

I Leger Spring 08-04-81 8.8 700 Full Chemical Analysis 
27-07-81 650 
12-02-91 8.3 690 

2 Borehole Shiliyam 11-09-90 7.2 1520 Full Chemical Analysis 
12-02-91 7.0 1690 

3 Shiliyarn 12-02-91 7.3 1780 
4 Juffa 06-01-76 8.2 1900 Full Chemical Analysis 

11-04-81 
20-02-91 

8.6 2700 
2200 

Full Chemical Analysis 

7 Gish Gish 05-06-76 2300 
22-06-77 2100 
19-01-78 3000 

20-02-91 3300 
8 Sudh 06-01-76 5300 

12-02-91 2900 

Electrical conductivity values have remained stable for Leger Spring (650-700 
microsiemens/cm). With the exception of boreholes at Juffa and Sudh, the results for 
boreholes on the plain show a gradual increase in salinity. The decline in salinities for 
Juffa and Sudh can be attributed to reduced pumpage after 1983 when the Leger Spring 
pipeline was completed. 

Detailed chemical analyses are only available for three inventory points - Leger Spring, 
Shiliyarn borehole and Juffa borehole. These results are compared with the Omani 
drinking water standards. The water of Leger Spring (Well Inventory No. 1) and the 
borehole in Wadi shiliyarn (Well Inventory No. 2) are within the maximum limits on all 
water quality parameters analysed. The water quality from the well at Juffa (Well 
Inventory No. 4) is of a lower and variable quality. 
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TABLE J.5 Comparison of Groundwater Quality to International 
Drinking Water Standards 

Well Inventory No. I 2 44 Omani Standards
Element Unit Leger Borvhole Juffa Juffa Highest Maximum(Selected) 08-04-81 Shiliyarn II- 06-01- 11-04- Desirable Permissible 

09-90 76 81 

Electrical uS/cm 700 1520 1900 2700 
Conductivity
pH 8.8 7.2 8.2 8.6 7.0-8.5 6.5-9.2Total Solids mg/L 500 1500Total Hardness mg/L 225 215 387 100

3 
580 500 

CaCo
Calcium mg/L 120140 78.4 350 75 200Chloride mg/L 90 461 405 200700 600Flouride mg/L 0.8-1.7Magnesium mg/L 85 95 46.6 230 30 150Sulphate mg/L 3470 221.4 200 200 400
Potassium mg/L 55 4 20 428Nitrate mg/L 19 4.0 18 45Sodium mg/L 4.0 
Alkalinity me/L 386.9 

J.3.5 Evaluation of Existing Water Sources 

J.3.5.1 Leger Spring (Well Inventory No.1) 

The measured discharge of 270 cubic metres per day comprising 180 cubic metres per day

from the pipe and 90 cubic metres per day from seepage occurring below the pipe is
believed to represent the dry season base flow for the spring. Water quality is good with ameasured electrical conductivity of 690 microsiemens per centimetre. 

J.3.5.2 Shiliyarn Borehole (Well Inventory No.2) 

Drilled in August/September 1990 by the Directorate General of Water Supply and

Transport (DGWST). 
 Borehole cased to 22.20 metres where lineament crosses the wadifloor. Unknown if groundwater is derived from the movement of water along the

lineament or wadi gravels. 
 Static water level in February 1991 was 4.75 metres belowground level. Short term pumping test indicate a constant abstraction of 400 cubic metres
 
per day is possible. Interpretation of the data indicates the aquifer is unconfined with a
transmissivity of approximately 450 sq. metres per day. 
 Further work is recommended todetermine the long term sustainable yield of the bore. Water quality is good with andmeasured electrical conductivity of 1,680 microsiemens/cm. The bore is shortly to be
connected to the Leger Spring pipeline, to provide a supplementary water source for Juffa 
and Sudh. 

J.3.5.3 Shiliyarn Water hole (Well Inventory No.3) 

Shallow water hole, excavated into the wadi gravels approximately 20 metres west of therecently completed Shiliyam borehole (Well Inventory No. 2). Used primarily by Jebalis
for domestic pruposes and livestock watering. Static water level within 0.5 metres of theground surface. Water derived from seepage through the wadi gravels, yield unknown.Water quality good, with a measured electrical conductivity of 1,780 microsiemens per
centimetre. Bacteriological contamination likely. 
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J.3.5.4 Juffa Wellfield (Well Inventory Nos. 4 & 5) 

Comprises two large diameter hand dug wells located on Wadi lIthika a tributary of Wadi 
Shiliyam. The wells are constructed, four metres into the wadi gravel. Well No. 4 is sited 
upstream of a one metre wide dyke crossing the wadi and Well No. 5 is constructed on top
of the dyke. The static water level is 2.65 metres below ground level and the water is 
slightly brackish 2200-2300 microsiemens per centimetre. 

Both wells are equipped with centrifugal pumps and operated by DGWST. At present only
Well No. 4 is being used. The water is pumped to a storage tank which then distributes 
water to village standpipes, cattle troughts and a bowser point. 

J.3.5.5 Mouth of Wadi Shiliyarn (Well Inventory No.6) 

There are several natural water pools at the southern end of the wadi close to the beach. 
Water quality is poor with electrical conductivites in excess of 6,000 microsiemens per 
centimetre. The water is used for camel watering only. 

J.3.5.6 Wadi Gish Gish 

The hand dug well is sited at the junction of Wadis Gish Gish and Arsit. The total depth of 
the bore is 4 metres with a depth to water of 3.14 metres. Groundwater is brackish with an 
electrical conductivity of 3,300 microsiemens per centimetre. The bore is equipped with a 
diesel driven centrifical pump which pumps to a cattle trough, bowser point and irrigates a 
0.5 hectare market garden. 

J.3.5.7 Private Well Sudh (Well Inventory No.8) 

Hand dug well completed to a depth of 3.60 metres. Static water level is 3.28 metres 
below ground level. Groundwater is brackish with an electrical conductivity of 2,900
microsiemens per centimetre. Water used to irrigate small private garden. 

J.3.6 Water Demand 

The Zalawt Plain is an area of acute water shortage. With the exception of Leger Spring
large amounts of good quality water remain unidentified. The demand on the water of 
Leger Spring is not restricted to the immediate population, but to the whole lightly
populated plain east of Mirbat. Water is tankered from Sudh to surrounding areas, and 
even to the second largest community of the area, the village of Hadbin, some 33 km east 
of Sudh. 

J.3.6.1 Present Water Demand 

Various estimates of population for the area have been developed. The report by Atkins 
(1990) contains the most reliable population data. The population figure for Sudh and 
environs in 1985 was 2061. This would indicate a 1990 population of around 2,500 for 
Sudh and 600 for Hadbin. It is assumed that the majority of the population are resident in 
the villages. Assuming an average growth rate of 5 percent per year the projected
population for Sudh and Hadbin 2010 will be 5,577 and 1,276 respectively. Estimated 
demand is shown in Table J.6. 

J.3.6.2 Future Water Demand 

Development of the future water demand until 2010, is based upon the Atkins Sub 
Regional Land Use Plan for the Southern Region (1990) modified by information 
developed by the Consultant. 
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The largest single water use is expected to remain domestic consumption and demand is 
likely to increase to match the communities improving standard of living. The projected
potable water demand for the corvr.unities of Sudh and Juffa for the year 2010 is 560 cubic 
metres/day. This includes potable water supplies for Government buildings. Other 
demands will include the fishery facility, increased private industry and other industrial 
growth. 

TABLE J.6 Water Demand in 2010 for Sudh, Juffa and Environs 

Component of Water Demand Demand Percentage 

(m3/d) (%) 

Domestic Use 560 85.6 

Private Industry and Miscellaneous 80 12.3 

Livestock 10 1.5 

Modem Fishery 4 0.6 

TOTAL 654 100.0 

J.3.7 Future Sources of Supply 

The projected water demand by 2010 is 650 cubic metres per day and further duvelopment
is hampered by insufficient potable water supplies. A reliable altentative source of good
quality water is required. Options include groundwater abstraction, desalination, or a 
combination of the two. 

The upper reaches of the main wadis remain the best targets for the location of low salinity
groundwater. It is possible that good quality water exists in these areas where there are 
thick gravel deposits or fault zones which may be hydraulically connected to limestones of 
the Jebel Samhan. This option should be evaluated prior to considering any other options. 

A thorough appraisal of the groundwater resources of these upper catchment areas is 
necessary to identify reliable supplies. In order to achieve this, the long-term capacity of 
the DGWST borehole should be determined through additional pump testing at Wadi 
Shiliyam. 

Other options include: 

o Treatment of brackish groundwater (desalination). 

o Piped supplies from Mirbat or Salalah. 

o Exploitation of groundwater reserves on Jebel Samhan. 

Brackish groundwater can be desalinated with a reverse osmosis plant of suitable capacity.
The equipment has a high capital cost and high operating costs, but provides a reliable 
supply. Unit operating costs are related to influent salinity levels. 

The extent and quality of brackish groundwater reserves in the area have not been 
determined. However it is considered likely that sufficient reserves to satisfy the water 
demands of the future populations of Juffa and Sudh are available locally. It is anticipated
that a wellfield abstracting from the wadis of Sudh, Gish Gish and Shiliyarn could provide 
sufficient yields without increasing salinity levels. 
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Water supplied by pipeline from Mirbat or Salalah would be a very expensive option, and 
would place undue stress on these already fully committed resources. Any pipeline to this 
area would cross many wadis, requiring substantial and costly flood protection safeguards. 

Obtaining groundwater from Jebel Samhan is theoretically possible but will be extremely
expeasive and technically difficult to achieve. At some future time, groundwater reserves 
in the Umm Er Radhuma Formation oli top of Jebel Samhan should be evaluated. 

J.3.8 Conclusions 

Present potable water supplies on the Zalawt Plain in the vicinity of Sudh, Juffa and local 
communities are extremely limited and do not meet the present demand. The distribution 
system of Leger Spring is presently adequate. At times of water shortage, water 
distribution should be restricted to domestic, government and some private industry use 
only. Additional potable supplies are required to meet current and future demands. The 
various alternatives available are: 

o Development of new groundwater sources on the central and upper Zalawt Plain 

o Desalination 

o Importation of water from Mirbat or Salalah 

o Development of new sources on Jebel Samhan 

The alternatives for supplying water to Sudh and Juffa are limited and may prove to be very 
expensive. Before other options are considered, the local groundwater resource potential 
should be thoroughly investigated. The location of additional water resources on the plain 
would represent the most cost-effective option. The recently drilled well north of Juffa by 
the Directorate General of Water Supply and Transport represents an increase in the 
available water to the area. The extent of this resource, which appears to coincide with one 
of several geologic lineaments, has not yet been fully evaluated. There is therefore 
potential for some increase in the available potable supplies to Sudh and Juffa. 

It is recommended that a detailed hydrogeological evaluation of potential water sources, 
including the well drilled by the Directorate General of Water Supply and Transport, be 
made. This should include the selection of potential drilling sites using the latest aerial 
photography and satellite imagery, followed by a field investigation including geophysics 
and a drilling and pumping test programme. 
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APPENDIX K 

OPERATION AND MAINTENANCE 

K.1 Introduction 

This appendix presents evaluations of the operating practices and performance of existing 
water supply facilities and of the O&M measures planned by the Municipality for the new 
stabilization pond wastewater treatment plant. It also addresses O&M issues associated 
with the Stage I facilities identified in the Masterplan. 

The purposes are both to provide guidance for actions to be taken to improve current 
operations and to provide a basis for ensuring sustainability of the proposed Masterplan 
facilities. 

K.2 Existing Water Supply Facilities 

K.2.1 The Systems 

Four separate wellfield and associated water distribution systems, including a total of 17 
production well units, make up the Salalah potable water service delivery area supplying 
water to Salalah, Taqah, Mirbat, and Sudh. 

The Salalah distribution system is by far the largest providing water for the majority of the 
estimated 77,000 population of Salalah. The Salalah distribution system extends 30 km 
along the coast, from Raysut in the west to Mamoorah Palace in the east, and extends 
inland by as far as 8 km to serve the northern portion of Saada. Two wellfields supply this 
system: the Salalah wellfield containing eight operating wells (plus two more which have 
not yet been fitted with pumps); and the Saada wellfield of three wells. Under normal 
circumstances, the Salalah and Saada distribution systems are operated independently, 
although they can be interconnected in the case of an emergency. Raysut is served by a 
booster pump station, which receives water by gravity from the Salalah system and pumps 
it to two storage tanks: a small tank serving the Frontier Forces camp, and a larger tank 
serving the remainder of Raysut. 

The Taqah and Mirbat systems are served by six wells in lower Wadi Darbat, from which 
the water is conveyed about 4 km to Taqah and 35 km to Mirbat. 

K.2.2 Production Wells 

(a) Facilities 

All of the II production wells serving Salalah are less than 10 years old. A typical
installation includes a borehole, submersible pump, pressure gauge (or tap), air release 
valve, propeller type flow meter, check valve and discharge isolation gate valve. 
Continuous 24-hours-per-day pumping from the wellfields is maintained, using eight to ten 
hour pumping cycles for individual wells. 

(b) Observations 

Little information is maintained concerning the historic performance of the production wells 
other than static head and draw-down measurements. Furthermore, a systematic method 
for managing production well performance data that could be used for preparing historic 
trends and troubleshooting, is not in evidence. 

Routine lifting and inspection of the well pumps is being performed on a three-yearly basis, 
as is redevelopment of the wells by air jetting. 
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The pump discharge pressure gauges and flow meters are often missing and/or not 
calibrated. Information concerning the condition of the borehole screens and pump suction 
strainers was not available. 

(c) Conclusions
 

It is concluded that:
 

o 	 The three-year preventive maintenance routine is a very sound piovision; 

o 	 Well screen encrustation does not seem to be a problem as evidenced by reports of 
consistent pumping discharge rates; 

o 	 Better monitoring and record keeping is needed to forecast and prevent system 

failures; and 

o 	 Some practices for water production well O&M need improvement. 

(d) Recommendations 

There are standard performance evaluation measurements for production wells which 
should be recorded at least every 6-12 months. These include: 

o 	 Static water level in each production well; 

o 	 Pumping rate after a specified period of continuous pumping; 

o 	 Pumping water level after a specified period of continuous pumping; 

o 	 Specific capacity after a specified period of continuous pumping; 

o 	 Sand content in a sample of water after a specified period of pumping; 

o 	 Calculated efficiency of the well; 

o 	 Normal pumping rate and how many hours per day the pump operates; 

o 	 Water levels in surrounding wells when this pump operates; and 

o 	 Drawdown created in the production well because of pumping of nearby wells. 

K.2.3 	 Well Pumping Units 

(a) Observations 

The Municipality reports no noticeable problems with the 11 working well pumps in the 
Salalah water supply district or the six pumps serving Taqah and Mirbat. Observed pump
operation appears smooth with no cracking or uneven settlement of the pad or ground
around the pump. However, there are many examples on the pump discharge piping of 
leaking joints at pipe and valve flanges. Missing flange bolts and uneven tightening were 
noticed. Piping support columns are damaged in some places. Most pipe flange joints
have been wrapped with oil-skin canvas cloth in an attempt to control leaks. 

In several locations the pump discharge piping assembly has severely corroded to the extent 
that pipe wall thickness has been reduced allowing small holes to develop in the piping.
This is an indication of a developing problem of major importance which requires early
action to prevent further deterioration. In some cases the pump discharge air release valves 
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are not being used properly (automatic air release assembly isolated from pump discharge
flow by a closed valve). There was no indication of any valve or piping maintenance 
activities being performed. 

(b) Conclusion 

Current practices of mechanical maintenance for pumps and piping/valves need 
improvement. 

(c) Recommendations 

A program for pump and piping maintenance should be developed including preparation of 
maintenance work task instructions and schedules and specification of work records. 
Critical maintenance work task activities which should be completed as soon as possible 
include: 

Inventory all pump installations and identify the location and severity of existing
pipe corrosion and leaks; rank-order the noted deficiencies and schedule corrective 
maintenance to these facilities; 

o 	 Scrape clean all corroded areas on above-ground piping and valves, and apply 
several layers of protective paint covering; repeat this work as needed; 

o 	 Lift pumps at least once per year to inspect pump screens, oil levels/condition, 
electrical water-tight connections, impeller condition, pump bowl condition, signs
of cavitation,signs of carbonate buildup, pump shaft alignment, and pump casing 
damage; 

o 	 Replace all broken pump discharge pressure gauges; 

o 	 Inspect and clean all air release valves every 6-months; 

o 	 Replace any worn air-release valve parts (ball-seat) and keep these valves open to 
the system; test valve operation every month to ensure proper automatic opening 
and closing; and 

o 	 Inspect and clean each check valve every six months. 

K.2.4 	 Pump Controls 

(a) Facilities 

Well pumps can be operated using either remote telemetry control (normal operation) or 
local start-stop controls located at each well site. Power supply is provided by a dedicated 
power feed cable originating from the well district main power control center. 

Local controls and instrumentation typically include the following: main power disconnect 
switch and circuit breaker, local-off-remote selector switch, motor start/stop push buttons, 
pump operating status indicator, motor failure alarm, volt and ampere meters, pump
running hour meter, and in some cases control-panel-mounted flow rate indicators. 

Well pump remote controls and instrumentation typically include manual start-stop controls 
with associated status indicating lights. Telemetry control of well pumps is broaJcasted 
from the main control room located at the storage reservoir facility. 
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(b) Observations 

No problems were evidenced or reported regarding either remote or local pump control 
systems. Electrical control panels are adequately sealed with access doors usually closed. 
Dust entry into wiring terminals and circuits seems to be prevented and there were no signs
of jumped fuses. Moisture attack on control circuitry is not reported to be a problem at this 
time. The staff iave a good understanding of the operation of pump controls. 

(c) Conclusion 

System control reliability is good, with dependable start-stop operation of the pumps. 

(d) Recommendation 

Develop a preventive maintenance programme for the control equipment in order to avoid 
the need for time-consuming repairs in the future. 

K.2.5 Storage Reservoirs 

(a) Facilities 

Four separate water storage reservoirs serve the greater Salalah water service district, 
providing a total storage capacity of more than 16,000 cubic meters. The Salalah reservoir 
is the largest, consisting of a concrete ground storage tank, split into two halves, having a 
total a volume of 9000 m3. Chlorine solution is pumped into the water supply header just
before the flow splits and enters each side of the reservoir. Magnetic type flow meters 
measure flow in the main inlet and outlet pipes for the storage tank. The Saada ground 
storage reservoir is similar to the Salalah reservoir system. The Saada reservoir has a 
storage capacity of 4500 m3. The Raysut and Frontier Forces reservoirs are both fed from 
the Salalah distribution system by a booster pump station locatcd in Raysut. The Raysut
reservoir is a glass-reinforced plastic tank having a volume of about 2250 m3 The Frontier 
Forces reservoir is a small above-ground metal tank managed by the Ministry of Defence. 
Both the Taqah and Mirbat reservoir systems include provisions for chlorine addition. 

(b) Observ',qons 

Water storage reservoir condition is satisfactory with the exception of some minor leaks 
noted at Raysut reservoir. Some rust was showing on access hatchways for the ground 
storage tanks. Periodic calibration of the storage tank inlet and outlet flow meters is not 
being performed. Tank water level measuring instrumentation is in order with readouts 
corresponding with physical measurements. Piping and valves showed no signs of leaks. 
Samples for chlorine residual are reported to be taken from the inlet and outlet of the 
storage tank with results logged in the site book every hour. Flow rate chart recorders 
were not working at the Saada reservoir. Housekeeping of grounds and facilities needs 
improvement. A general lack of staff supervision was noted along with a need for some 
basic skills training for the operating staff. 

(c) Conclusions 

The physical condition of the four water storage reservoirs is satisfactory with the 
exception of the Raysut facility which requires minor repairs. Improved O&M of the 
reservoir facilities will prolong the useful lifc of these stations. Operator skills need 
improvement and provision for closer supervision of the operating staff should be 
scheduled. Calibration of the chlorine residual analyzer should be performed more 
frequently then it is currently. 
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(d) Recommendations 

A specific reservoir operation schedule should be developed to guide operating staff in the 
performance of their daily duties. This should include a detailed description of operator
work activities, schedules for completion, and indicators of good performance. A job
description for each labor class would also be helpful. 

O&M items which need priority attention are: 

o 	 The repair of leaks in the Raysut reservoir; 

o 	 Daily supervision of reservoir operating staff; 

o 	 Repair of the out-of-service flow chart recorder at the Saada reservoir;, 

o 	 Increased frequency of reservoir chlorine residual measurements to three times per 
day for inlet and outlet flows; and 

o 	 Increased frequency and thoroughness of site housekeeping activities. 

K.2.6 	 Chlorine Feed Systems 

(a) Facilities 

Chlorine feed systems are provided for the Salalah, Saada, Taqah, and Mirbat reservoir 
systems. Chlorine solution is injected into the reservoir inlet pipe just before it enters the 
water storage tank. The chlorine feed system typically includes two 100 kg chlorine 
cylinders connected to a automatic switch-over device. One cylinder is on-line and the 
second is on stand-by. Chlorine gas is withdrawn from the cylinder through a gas feed rate 
control device. Two chlorinators are provided, one of which is on-line while the second is 
for stand-by operation. Two injection-water feed pumps are provided: one for normal 
operation and the second as standby. Chlorine leak detectors are installed in the chlorine 
cylinder room and the chlorinator room. 

(b) Observations
 

The following problems were noted at the Salalah and Saada chlorination facilities:
 

o 	 Chlorine cylinder automatic switch-over units are not operational; 

o 	 Only one of the two gas feed chlorinators is operational; 

o 	 None of the chlorine gas leak detectors are working; 

o 	 Operating staff do not have a full understanding of the chlorine feed system and its 
associated equipment; 

o 	 Some of the piping and fittings on the chlorine feed system need to be replaced; 

o 	 Chlorine cylinders are located in an unprotected area within the cylinder room, and 
the cylinders are not secured to the wall with safety chains; and 

o 	 Chlorine exhaust fans are not operated. 

(c) Conclusions
 

Existing O&M practices for water system chlorine feed need improvement.
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(d) Recommendations 

A comprehensive evaluation of each of the chlorine feed systems should be completed.
Action plans for remedial repairs need to begin soon. Water plant operators should be
trained in equipment operation and basic skills for working with chlorine. 

K.2.7 	Standby Power Generation Equipment 

(a) Facilities 

The Saada, Salalah, Taqah and Mirbat wellfields all have standby diesel engine driven 
power generation facilities. 

The Sal.-Aah and Saada systems each have two 500 kVA diesel generators. Operation is 
required for less than 50 hours per year. 

The Taqah system has oi.. 3 10 kVA and two 125 kVA diesel generator units and Mirbat 
has two 125 kVA units. 

(b) Observations 

The condition of the power generation equipment is good. Maintenance work is being
done at the Salalah facility. At Saada, the standby generator started at the first push of the
button. Regular periodic exercising of the units is carried out. 

The electrical switch gear, battery sets and control panels are in very good condition. Theequipment is clean and dry with no visible corrosion inside the cabinets. The staff in
charge have a very good understanding of the systems. 

Adequate supplies of fuel are maintained. 

(c) Conclusions 

The physical and operating condition of the equipment is good. The equipment clearly
does receive skilled engineering attention. Operator skills are good 

(d) Recommendations
 

Improvements should preferably be made in the areas of:
 

o 	 Documentation of planned maintenance and exercise schedules, and of actual
 
performance against those schedules; and
 

o 	 Improved site housekeeping. 

K.2.8 	 Water Quality Testing 

(a) Facilities and Procedures 

All water quality testing for the Salalah/Saada system is done at the Salalah wellfield control 
centre. Samples from each well are tested for colour, electrical conductivity, temperature,
total dissolved solids, pH, hardness, calcium, magnesium, alkalinity, chloride, nitrate,
sulphate, fluoride, iron, manganese, sodium, potassium and coliforni bIcteria.
Distribution system samples are tested on a two-weekly cycle for chlorine residual. The
Ministry of Health also does independent chlorine residual testing. The laboratory has a
qualified chemist. Emergency analytical services are also available from the Ministry of 
Water Resources laboratory. 
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(b) Observations and Conclusions 

The laboratory is supplied with an adequate range of sampling and analytical equipment and 
is in good condition. It is well staffed but was stated to suffer from a lack of reagents and 
consumables. 

All test results are recorded in a log book. There was no evidence of written procedures or 
work schedules. 

(c) Recommendation 

Written procedures, and work and ordering schedules, should be developed. 

K.2.9 Distribution System and Metering 

(a) Facilities 

The served area covers about 2300 ha. Distribution mains are of ductile iron (DI) in the 
range of 100 to 600 mm and unplasticised polyvinyl chloride (uPVC) in diameters up to 
100 mm. In Raysut and other coastal areas, DI pipe is provided with cathodic protection to 
limit corrosion. The system is basically of tree form, with few loops. 

Service connections have the underground portion in 25 to 75 mm uPVC and the risers in 
tape-wrapped galvanised steel (GS). All connections are metered, using Kent propeller 
meters. 

(b) Observations 

Overall correlation of water production with meter readings yields overall losses of about 
18 percent. The frequency of meter reading is nominally monthly but in fact is irregular 
(see Appendix L, section L.3.1). There is no regular system of reporting of metered 
consumption versus production. There is no district metering. 

Meters reported by readers as being inoperative or aberrant are repaired and calibrated at the 
Water Department building. There is no regular cycle of meter lifting and replacement. 

Problems have been encountered in the form of ruptures of uPVC pipe under high water 
pressures and of failures of corroded GS pipe. Twenty-five pressure reducing valves have 
been installed to protect the uPVC pipes by reducing pressures to 22-24 metres, and this 
has reduced the rupture rate. 

Watermain breaks are repaired by in-house teams. 

Encrustation because of the high alkalinity and hardness of the water is a recurring
problem. So also is algal growth in translucent roof tanks, which all connected premises 
are required to install. 

(c) Conclusions 

The overall reported water loss rate is at a satisfactory level. However, the figure is based 
on manual computations in turn based on meter readings that are in many cases performed 
not in cycle. The existence of pressure reducing valves, many of which are the sole point of 
water entry to system zones, provides an opportunity to install bypass zone meters that 
could be used to provide regular information on water supplied by zones and also by time 
of day. Taken together with future computer-based management of meter reading and 
billing data, this would enable the development of a very reliable and continuous 
understanding of unaccounted-for and unbilled water. 
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Meter reading and maintenance and bill preparation is an area in which efficiencies can in 
some cases be achieved through contract operations (see section 6.5.3.3 and Appendix L 
on the revenue aspects). 

(d) Recommendations 

It is recommended that, along with the development of computerised methods of managing 
meter records and billing data, programs should be introduced to: 

o 	 Meter water delivery by zones in the distribution system, with provision for ad hoc 
evaluations of water delivery by both zone and time of day; and 

o 	 Prepare regular (say quarterly) reports of water delivery, consumption and loss by 
zone and overall. 

Consideration should be given to conversion to contract operation of meter reading, lifting,
maintenance and calibration. Guidance in these areas s;hould be sought under the proposed 
twinning programme. 

Consideration should also be given to the benefits available from the introduction of a 
geographical information system (GIS) which would include: computer-based
infrastructure maps (including overlays showing all utilities in the streets); databases to 
facilitate analysis of repair events by such features as zones, pipe materials, pipe diameters,
and age of pipe; and a repair work-order system to facilitate management of responses to 
reported leaks, including initial inspections, repair operations, leak loss estimation, and 
final inspection and sign-off. 

K.2.10 Equipment Inventory and Records 

(a) Observations 

The Salalah Water Department has a central spare parts store. Here are housed supplies 
and spares for the entire water supply and distribution system. Items stored include, for 
example, valves, pipes, fittings, instrument parts, electric motors, and meters. 

The inventory method used is a bin-and-card system. Replacement procurements are based 
on physical observations of bin contents. Manufacturers' catalogues and O&M manuals 
are housed in a separate room. 

(b) Conclusion 

The method used has proved satisfactory but could be improved in time by the use of 
computerised methods. 

(c) Recommendation 

The benefits, timing and methods of a possible computer-based inventory management and 
replacement system should be evaluated as part of the proposed twinning programme. 

K.3 Wastewater Stabilisation Ponds 

K.3.1 	 Facilities 

Construction of the stabilisation ponds is effectively complete. The facilities include tanker 
discharge bays, a pump station, anaerobic ponds, facultative ponds, maturation ponds,
chlorination facilities and chlorine contact tanks. There are also test basins for reed bed and 
overland flow effluent polishing. 
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The pond dimensions are as follows: 

Ponds: Anaerobic Fac u It a t i ve 
Ma tu rat ion

Item 

Number 
Current 
Space for 

2 
3 

4 
7 

3 
6 

Dimensions (m)
Bottom length
Bottom width 

34 
9 

88 
32 

102 
52 

Depth 4 2 1.5 

Side slope 1/4 1/3 1/3 

Volume (m
3) 

Each 4,000 7,000 9,000
Total (now) 8,000 28,000 27,000
Space for 12,000 49,000 54,000 

K.3.2 Management and Staffing 

The Municipality has decided to retain a contractor to operate and maintain the stabilisation 
pond plant for a period of three years. The Consultant proposes that, subject to satisfactory
performance, this contract be extended until the time of startup of the Priority Works. 
From that time, the operation and maintenance of the Wadi Qaftawt plant should be 
included in the responsibilities of the system-wide O&M contractor (see K.4. I below). 

The actual scope of work and staffing level for the contractor are not yet known. 
However, operation of this facility will begin in 1992, almost three years ahead of the 
startup of the first Masterplan facilities. 

It has been assumed that the staff to be provided for the operation of the stabilisation pond
plant, including gate-keeping, operating the laboratory and providing labour in support of 
pilot operation of the test polishing facilities, will be about 18 people. 

K.3.3 Startup 

(a) General 

The method of startup of the ponds should be such as to avoid noxious odours and provide
for proper biological seeding of the pond contents. This requires a phased startup, with (a)
initial filling of the facultative ponds with water and a few tanker loads of wastewater to 
provide nutrient for algal growth, (b) delivery at a full rate of only sufficie,-t wastewater to 
fill the anaerobic ponds, followed by (c) a gradual build-up over a period of about one 
month from a low rate of wastewater delivery, equal to about one tenth of the full rate, to 
the full rate of delivety. 

(b) Anaerobic Ponds 

Seed material from an anaerobic pond or digestor is normally used to start up a new 
anaerobic pond. In Salalah there is no such convenient source, although the wastewater 
itself should be relatively well seeded from aging in the septic and holding tanks. One 
pond should first be filled with wastewater, which will take about four days, and then be 
allowed to stand while loading of the second pond begins. When the second pond is half 
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full, about 25 percent of the contents of the first pond should be pumped from a low level 
into it, and the first pond should be topped up with new wastewater and then allowed to 
stand for several days. 

When the second pond is full, it should be allowed to stand for several days. 

When loading of the filled ponds begins, it should be done initially at a low rate. The pH
of each pond should be monitored from the time that loading begins. If the pH drops 
below 7.0, the loading rate should be reduced until it stabilises. 

This process means that after about two weeks of bringing all collected wastewater to the 
new plant, there will be period of possibly several weeks when the rate of delivery must be 
reduced by continuing to discharge wastewater at the existing Wadi Sahalnawt dumping 
location. 

If a persistent low-pH or odour problem develops, a source of stabilised anaerobic sludge
should be identified from among the 16 package plants in Salalah, and several tanker loads 
should be added to each anaerobic pond. If necessary, lime should be added to control the 
pH. 

(c) Facultative Ponds. 

The facultative ponds should be filled with water and have a functioning algae and bacterial 
population before receiving effluent from the anaerobic ponds. This requires that they be 
filled with water well in advance of the start of filling of the anaerobic ponds. When they 
are almost full, they should be topped up with either anaerobic pond effluent or tankered 
wastewater should, in order to provide nutrient for the development of algae. It may also 
be beneficial to introduce some mixed liquor from a package plant, in order to provide 
seeding with aerobic organisms. 

After the facultative ponds are filled and seeded, they should be allowed to stand for three
weeks to allow algae and bacteria to develop. Effluent from the anaerobic ponds should 
then be introduced to the facultative ponds at a low rate, say one tenth of the full loading
rate. This low rate of introduction of raw wastewater will provide for effective startup of 
both the anaerobic and the facultative ponds. 

The rate of throughput should be gradually increased to the full rate over a period of about 

one month. 

(d) Maturation Ponds 

Ideall), maturation ponds, like facultative ponds, should be filled with water before 
loading. With the sequence proposed above, however, when the facultative lagoons begin 
to discharge effluent to the first maturation pond it will be very dilute. This sequence will 
provide for a gradual development of the design loading on the maturation ponds in 
sequential order, and no other startup provisions appear to be necessary. 

(e) Alternative Startup Schedule 

The startup sequence proposed above requires filling of the four facultative lagoons with 
about 26,000 m3. of water. If the trucking or pumping to the site of such a quantity is not 
feasible, then an alternative would be to start up a single anaerobic pond (Pond AI) and one 
facultative pond (Pond F2) first, using the same procedures for each unit as described 
above. After the first facultative lagoon has developed its algal and bacterial population and 
is functioning, half of its contents should be pumped into the next facultative pond (Pond
FI). When it in turn is functioning, Ponds A2 and F3 would be started up. Finally Pond 
F4 would be started with half the contents of Pond F3. 
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This procedure would reduce the volume of water required to about 6,500 m3 but would 
require extension of the time over which wastewater deliveries would increase to the full 
available flow from one month to four months. 

(f) Pilot Testing Programme 

Before decisions are made about any improvements to the Wadi Qaftawt stabilisation pond
plant to gain Ministry of Environment approval, or regarding av., expansion of plant
capacity to deal with industrial area wastes, it is necessary for the plant to come into full 
operation and for a pilot testing programme to be conducted. This will yield information 
about the capability of the plant as constructed and about the design criteria needed for any
given level of improvement in effluent quality. The proposed programme is described in 
section 5.3. 

It will be necessary for the stabilisation lagoon O&M contractor to facilitate the work of 
consulting engineers installing and operating pilot tertiary facilities and to coordinate with 
them in the operation of the pilot reed bed and overland flow polishing units. 

K.4 Wastewater Priority Works 

K.4.1 	 Management and Organisation 

Contract O&M services are frequently appropriate. This is especially so under the 
circumstances in Salalah, where a completely new service is proposed and experienced
personnel would need to be hired from outside Oman in any case. The management and 
technical experience of a suitable O&M contractor is likely to prevent problems and save the 
authority money, especially if the contracting process is properly executed. 

It is proposed that responsibility for the daily operations of the entire Salalah wastewater 
system, including the collection system, conveyance system including sewage pump
stations, both wastewater treatment plants, and the reuse and disposal facilities, should be 
assigned to a private sector service delivery contracting firm for the first 5-years after start
up. There should be provision for renewal, subject to satisfactory performance. The 
period of five years is intended to make it economical for the contractor to provide and
write off against the contract such equipment items as vehicles, sewer cleaning equipment,
repair equipment, and computers. 

This O&M contractor will operate under the overall control of the new Wastewater 
Operations Department. The role of the Wastewater Operations Department will be to 
establish policies and maintain standards for wastewater system management. 

The responsibilities of the O&M contractor are proposed to include: 

o Wastewater treatment plant O&M, including meeting effluent requirements; 

o 	 Wastewater collection system and service connection maintenance; 

o 	 Wastewater conveyance system and pump statio. O&M; 

o 	 Maintaining all equipment warranty agreements and ensuring that all equipment
suppliers provide first-year warranty service according to contractor agreements; 

o 	 Payment of all wastewater facility recurrent costs except electricity, fuel for plant
operation and standby power generation, and wastewater authority supervision; 

0 	 Conducting all sampling and analysis needed for system management, and 
performing additional analyses called for by the authority; 
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o Coordination with users of effluent; 

o 	 Controlling the entrance of pollutants which can damage the collection system or 
interfere with the treatment process; 

o 	 Planning for and dealing with emergencies including in relation to: 
- sewer blockages and collapses, 
- electrical breakdowns,
 
- pump breakdowns,
 
- treatment process failures,
 
- recharge/reuse facility and system breakdowns,
 
- equipment failure and inadequacy, and
 
- staff shortage;
 

o 	 Preparing yearly wastewater system O&M budgets and, to the extent that any 
budget items are reimbursable by the authority, keeping within budget; 

o 	 Providing personnel having needed and specified qualifications and experience, and 
providing them with all necessary orientation to the O&M needs of the specific 
facilities in Salalah; 

o 	 Maintaining safe working conditions and practices; and 

o 	 Facilitating inspections by and the involvement of personnel of the authority and its 
foreign twinning partner. 

In the same way as would a wastewater authority intending to operate and maintain its own 
facilities, the O&M contractor should be required to prepare a series of system and facility 
plans. These should together address all of the operational elements of the new wastewater 
system, and would probably consist of: 

(a) 	 Wastewater System Management Plans: 
- System staffing and organization plan, 
- System budget/revenae plan, 
- Septage receiving plan, 
- Sewer admissions management plan, 
- Facility commissioning plan, 
- Wastewater facilities O&M information library plan; and 

(b) 	 Wastewater Facility O&M Plans: 
- Pump station operation plan, 
- Pump station maintenance plan, 
- Pump station repair plan, 
- Sewer maintenance plan, 
- Sewer repair plan, 
- Reclamation facility operations plan, 
- Reclamation facility preventive maintenance plan, 
- Reclamation facility major maintenance plan, 
- Stabilisation pond operation plan, 
- Stabilisation pond maintenance plan, 
- Laboratory management, sampling and testing plan, 
- Staff training and orientation plan. 

Because the systems and facilities identified in the Masterplan impose new responsibilities 
on the municipality, new staff must be identified and hired specifically for the management 
and supervision of the O&M contractor. The Municipality should make use of the 
assistance of the foreign twinning partner to define the staffing needs for the new 
Wastewater Operations Department. These operations supervisors should all be in place at 
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the time of the start of contract operations, expected to occur in mid-1995. The following 

are key positions that will need to be filled: 

o Wastewater Director of Operations; 

o Collection System/Pump Station Supervisor;, 

o Laboratory and Reclaimed Water Quality Director;, and 

o Maintenance Supervisor. 

K.4.2 Operation and Maintenance Information Library 

Another wastewater system management task which should be completed during the end of 
the construction phase is the establishment and proper location of information files covering 
ail of the wastewater facilities. Items which should be included in these information files 
are listed below: 

o Project design file; 

o Equipment manufacturers' O&M manuals; 

o As-built drawings; and 

o Facility O&M manuals. 

The establishment of these files should be the responsibility of the authority's Wastewater 
Director of Operations, with assistance from the O&M contractor, on receipt of the relevant 
documents from the Priority Works design and construction services consultant. 

K.4.3 Operation and Maintenarnce Contracting 

Generally there are two types of contracts: competitive-bid and negotiated. Competitive-bid 
contracts are usually a lump sum for a fixed service or at least have a substantial fixed 
service component. However, they are sometimes used to establish rates for as-needed 
services or a fixed fee or percentage mark-up on actual costs. Negotiated contracts may 
pay actual costs plus compensation for contractor overhead and profit, or they may pay 
costs up to an agreed upon amount. Negotiated contracts, however, also can be fixed
price. 

Given the time that is available to prepare suitable tender documents and to solicit interest 
from qualified tenderers, competitive tendering is proposed. The proposed contract basis 
should be studied further during the design and construction phases but it is tentatively 
suggested that a combination of lump sum and fixed unit rates for extra work be the 
contract basis. 

Because of the difficulty of basing tenders for O&M on "quality" or other subjective 
evaluations, rather than on lowest price alone, tenderers for the O&M contract should be 
prequalified through a short-listing process. Then only short- listed contractors are invited 
to tender. Such prequalificatiof provides the opportunity, if only one qualified potential 
tenderer expresses interest, to switch to a process of negotiation with a preselected 
contractor instead of calling for competitive tenders. 

The following factors should be examined in detail during contractor prequalification and 
short-listing: 

I. Similar work experience during past five years; 
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2. 	 Reputation for fairness and excellence in performance; 

3. 	 Quality and experience of key personnel who could be made available; 

4. 	 Available working capital as determined from a detailed financial statement; 

5. 	 Ratio of available equipment to equipment that must be purchased or rented; 

6. 	 Normal volume of work per year; 

7. 	 Work in progress; 

8. 	 Available capacity; 

9. 	 Details of any previous contract failures; and 

10. Persons who can be contacted as references.
 

A questionnaire should be used to collect and classify this information.
 

Solicitation to tender should be made in the form of a Request for Proposal (RFP). TheRFP should contain enough information to enable a prospective tenderer to prepare aresponsible quotation. The RFP also should indicate the technical evaluation criteria andthe relative roles of technical criteria and price in selection. It should include: 

o 	 Complete descriptions of the facilities and the measures of performance to be 
applied to his work; 

o 	 Results, performance guarantees, and client/contractor liabilities should be
specified; authority and contractor responsibilities should be defined; 

o 	 Responsibility for incomplete or uncertain data; this should not be placed solely onthe contractor because tenderers will likely bid based on a worst case assumption if 
the data are unclear; 

o Time allowed for completion of tasks and passing milestones; 

o Reasonable and fair conditions that will be imposed on the contractor; and 

o Date for receipt of tenders; sufficient should be allowed to give the tenderers time 
for careful cost analysis. 

The contractors' proposals should be required to include: 

I. 	 Comments and any suggestions in relation to the scope of work; 

2. 	 A detailed plan for performing the work; 

3. 	 Resumes of key personnel proposed for the job, including persons who will be in 
direct charge. 

4. 	 A breakdown of the lump sum portion of the costs plus unit rates for extra work 
that are consistent with those in the lump sum breakdown. 

5. 	 Necessary bonds. 
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K.4.4 	 Commissioning and Handover 

construction contract 
documents as they apply to facilities final acceptance, warranties and specifications for 
project commissioning. Generally, the construction contractor is required to furnish all 
power, facilities, labor, materials, and planning necessary for tests to verify that the 
contract specifications have been met and that materials and quality of workmanship are 
acceptable. Six months before the scheduled date for start-up a project commissioning plan 
should be prepared which details all of the required tests and test procedures which will be 
performed. This plan should be prepared by the construction contractor and approved hy 
the Consulting Engineer and O&M contractor. 

It is the O&M contractor's responsibility to read and understand tile 

Field acceptance tests are normally conducted by a manufacturer's representative and 
witnessed by the Engineer and Owner's representative. It is important that the O&M 
contractor's representative also be present when final testing and connissioning of plant 
equipment is performed. 

All the specified tests should be satisfactorily performed in the presence of the O&M 
contractor, who should be given copies of all test results, guarantees, suppliers' 
maintenance instructions and other relevant documentation, including the operation manuals 
and maintenance manuals prepared by the engineer. 

The manufacturers of all pumps, and major equipment items should be required to instruct 
the O&M contractor's operating personnel as well as authority staff in the operation. 
lubrication and maintenance of the unit or the complete system. 

During the warranty period, the O&M contractor should provide and be responsible for all 
O&M seriices. However, it is the responsibility of the construction contractor to satisfy 
himself that the equipment under warranty is being properly maintained, and to provide any 
necessary additional maintenance, and to make any repairs necessitated by normal wear and 
tear. 

K.4.5 	 Contract Administration 

The authority should identify to the O&M contractor the administrator responsible for 
overseeing the contract work. That individual should be knowledgeable of all contract 
provisions and is required to: 

o 	 Initiate or assist in defining the extent of the job; 

o 	 Negotiate contractual work or assist the contract negotiator during negotiations; 

o 	 Approve contractor invoices during work; 

o 	 Certify receipt of services and supplies; 

o 	 Maintain a chronological history of events associated with a contract; 

o 	 Report non-compliance actions; 

0 	 Conduct pre-award facilities surveys and periodic surveys of contractor compliance 
with contract provisions; and 

o 	 Submit close-out notice upon completion of contract services. 

Contract closure is particularly sensitive. Upon contract completion, the contractual 
services must be reviewed in detail to determine that all services have been delivered and 
accepted; all payment transactions accomplished; all releases from liabilities, obligations, 
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and claims obtained; and all necessary administrative actions taken, including settlements of
disputes, litigations, and disposal of property. All discrepancies in actual performance or
delivery must be reconciled before the contract can be closed. 

In addition, preparations must be made for continued O&M after the end of the contract by:(a) extension of the contract, (b) calling for new prequalification submissions and tenders,
or (c) direct hiring of personnel and management of operations by the authority. The
decision on the method to be used should be made at least nine months before the end ofthe contract term, to give time to negotiate an extension, award a new contract, or hire and 
orient new personnel. 

K.4.6 	Water Quality Testing Laboratory 

In order to support the operation of the wastewater system, especially the treatment plants,
a routine process control and water quality analysis programme must be prepared which 
identifies and details the following: 

o Simple field sampling and treatment process control analysis testing requirements
(performed by treatment facility operators and trade waste inspectors in the field); 

o 	 Plant laboratory daily/weekly sampling and analysis programmes that support the 
routine process control of the wastewater treatment facilities and compliance with 
effluent permit requirements; 

o 	 Trade waste inspections and sampling; with analyses conducted at the system
central laboratory (whichi will also be the reclamation plant operations control 
laboratory); 

" 	 Procurement of field testing equipment and supplies required for performing routine
on-site treatment facility process control activities and for site tests of certain trade 
wastes; 

o Readiness to perform other analyses as directed by the authority; and 

o 	 Preparation of source-related daily/monthly sample analysis record forms and 
trending charts. 

K.4.7 	Wastewater Utility Staff Training Programme 

Staff training is one of the most important elements in the wastewater system operations

program because it has the greatest potential effect on the initial and long term performance

of the facilities. Whenever new or different equipment enters the workplace, or when new
employees start a job, a training need always exists. The greater the difference between the new job and the old job, the greater the need for training. In the case of the Salalah
wastewater facilities, both the equipment and the employees are new to the job site. 

Identification of the basic skills and experience required in the O&M contractor's key staff
is the responsibility of the 	 facility design engineer. So also is the provision oftraining/orientation materials for those same staff. The design engineering company is the group responsible for determining how the facility should operate and as such is in the best
position to train operations staff. Initial staff training and review of the O&M contractor's 
own personnel training/orientation plan should be included as a normal part of the
consultant's star-up services for the wastewater treatment plant. 

Aside from the person (trainee) who actually does the work at each facility, no one is more
important to the success or failure of training than the trainee's supervisor. As the probable
ultimate future managers of the O&M functions in the event that such responsibilities are
eventually to be exercised directly by the authority, the authority's own supervisors as well 
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as those of the contractor must participate in training. It is essential that a basis be 
established for the continuing transfer of knowledge and provision of feedback to the 
workers, and to any future replacement workers. 

Therefore, the O&M contractor, guided by the consultant, should plan for training that will 
target two audience levels, i.e. supervisors and O&M technicians. As a complement to 
such orientation programmes, authority and O&M contractor staff should attend individual 
equipment vendor instruction sessions scheduled before the start-up date. 
Special training should be scheduled for authority senior wastewater operations 

managers/iupervisors and engineers. This is described in section 6.5.4.3. 

K.5 Operation and Maintenance Personnel Needs 

The estimated operation and maintenance personnel requirements, not including authority 
management or office staff, and not including tanker drivers or assistants, are: 

1. Wadi Qaftawt stabilisation pond system: 

Chemical engineer
 
Chemist
 
Laboratory technician
 
Pump mechanic
 
Electrical technician
 
Agricultural technician
 
Agricultural labourer
 
Sanitation labourers (2)
 
Drivers (2)
 
Gate keepers (2)
 
Clerk/messengers (2)
 

TOTAL: 15 persons 

The number of tanker drivers and assistants is assumed for the purpose of making cost 
estimates and financial projections to be 45 through 1994 and 30 (average) in 1995, and 15 
thereafter. 

2. First and second phase wastewater system: 

(a) Wastewater reclamation plant and disposal system: 

Superintendent
 
Assistant superintendent
 
Administrative assistant
 
Secretary
 
Chief chemist
 
Assistant chemist
 
Laboratory technicians (2)
 
Shift supervisors (4)
 
Operation crews:
 

4 teams of 7 persons (28) 
Maintenance staff: 

4 electrical, 4 mechanical, 2 technicians (10)
Labourers and grounds staff (12) 

SUBTOTAL: 62 persons. 

K-17
 



The above riainenance staff will also service the conveyance system pump 

stations and the recharge system. 

(b) Collection and conveyalice system including pump stations: 

Supervisor
 
Assistant supervisor
 
Pump station foremen (4)
 
Pump station operation crews:
 

4 teams of 4 persons (16)
Emergency sewer blockage and repair crew (5 persons) 

SUBTOTAL: 27 persons. 

(c) Recharge system: 

Supervisor
 
Maintenance technician
 
Operators (4)
 

SUBTOTAL: 6 persons 

TOTAL: 95 persons, starting in the second quarter of 1995. 

For cost estimating purposes, the total wastewater operational personnel requirements are
therefore taken to be 60 persons through 1994 (all related to Wadi Qaftawt), and the full
time equivalent of 120 persons (averages of 45 for Wadi Qaftawt and 75 for the central
system) in 1995, including tanker drivers, but excluding authority management and office 
staff. 

From 1995 to the year 2000, the total staff requirement for the central system is taken to
ini.rease by five persons per year, as the sewer system and number of pump stations
expand. This yields a total personnel requirement of 130 persons (30 for Wadi Qaftawt
and 100 for the central system) in 1996, increasing to 150 in the year 2000. 

Beyond the year 2000, gradual extension of the collection and conveyance system will
continue and two increments of treatment plant capacity will occur. These increments will
require very minor operational personnel increases. The total rate of increase of personnel
beyond the year 2000 is taken to be 5 persons every 5 years, yielding a total number of 160 
in tile year 2010. 

The projected operation and maintenance costs for water supply and sewerage service are 
presented in Appendix D. 

K.6 Package Treatment Phmts 

There are 16 existing package wastewater treatment plants in Salalah, having a combined
capacity of 2.24 MLd. Most of these are extended aeration plants designed to produce
effluenis of 10/10/1 (mg/L of BOD, suspended solids and ammonia, respectively) quality.
Chlorination is included in most cases. Effluents from four of them are reused for 
irrigation. 

The Ministry of Environment receives monthly reports on effluent quality and its staff make
periodic visits to the plants. Most of these plants are operating normally but a few produce 
poor effluents because ofdesign, loading or operational problems. 

In one case (Qaboos Hospital), the decision has been made to install a new plant. For the
othurs, decision,; need to be made whether to continue (or in some cases improve) 
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operation or to connect into the new central sewerage system. The system has been 
planned with capacity for all of the flows currently handled by package plants. 

When the new system is operational, Ministry of Environment will be in a position to insist
that package plants in served areas either produce acceptable effluents or be abandoned. 
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APPENDIX L 

MANAGEMENT AND ORGANISATION DETAILS 

L.1 Structure and Jurisdiction 

L.1.1 Principles 

The primary institutional issues are whether water and wastewater functions should be: (a)
organised and managed as public utility enterprises, (b)conducted jointly or separately, and 
(c) placed under the Municipality or under the Deputy Governor's Office. 

L.1.1.1 Organising for Water and Wastewater Elsewhere in Oman 

Community water supply functions outside of the Southern Region and Sohar art,
performed under the Ministry of Electricity a;)d Water (MEW). MEW conducts these 
functions through a chief engineer for operations aid maintenance in Muscat and two other 
chief engineers dealing with the wilayats and rural areas. There is a separate section 
dealing with -rojects. Operation and maintenance for the desalination plant in Muscat are 
handled undL a service contract administered by MEW. 

Wastewater operations in Muscat and Sohar (and water supply in Sohar) are the 
responsibility of the Chairman of the Muscat Municipality under the overall direction of the 
Diwan of the Royal Court. A chief engineer is responsible for operation and maintenance 
of sewage treatment plants in Muscat, under a Directorate General for Technical Affairs. 
Overall responsibility for collection and conveyance systems is believed to be assigned tu 
separate directorates for Seeb, Bausher, Al Amirat and Muttrah under a Deputy Chairman 
for Muscat Municipality. However, collection and conveyance system maintenance is 
performed under the direction of the s3wage treatment plant chief engineer. Revenue 
functions are understood to be assigned to MEW (through an addition to water bills) which 
in turn provides for contract services for meter reading and billing. Overall, the situation 
seems fragmented, lacking the desired organisational continuity between water and 
wastewater and between wastewater new works and operations. 

The organisational practices used in other parts of Oman do not appear to provide a model 
that is applicable to the situation in Salalah. 

L.1.1.2 Public Utility Concepts 

Public utilities or enterprises have been established in countries throughout the world to 
manage such functions as electricity generation and distribution, natural gas distribution, 
water supply, wastewater collection and treatment and telephone and communications 
services. These organisations can be either publicly or privately owned, and are typically
controlled by overseer boards or commissions which regulate service parameters and 
service charges. The primary benefits to the government are: (a) reduced outlays from 
general funds for the support of recurrent and capital costs, and (b) reduced costs to 
consumers due to operating efficiencies achievable under utility management practices. 

Public utility concepts however, are not widely used in Oman. The General 
Telecommunications Organisation (GTO) provides a partial example, at least in terms of its
financial status. GTO earns sufficient revenue to be virtually financially independent,
including making a contribution to its capital programme from surplus funds generated after 
ineeting ali operating expenses. 

Water and wastewater services are well suited to the utility management approach. The 
services provided are readily identifiable and measurable. On the basis of preliminary
feasibility analyses, it appears possible to generate the amounts of revenue necessary for 
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financial independence. It is not clear however, that the various factors necessary to 
achieve the other major benefit to government, namely efficiencies from utility operations, 
can be implemented at the present time. 

Attainment of significant improvements in efficiency would require separation of the water 
and wastewater functions from many of the variots standard governmental procedures. 
Such a utility would for example, need to maintain control over the funds it generates and 
be able to incur expenditures for unbudge'ed items which result in economies or are 
otherwise advantageous to make without delay. It should be able to pay competitive salaries 
and offer incentives for exceptional performance. It should also be free to discharge staff 
who fail to perform at acceptable levels or to make staffing increases or reductions in line 
with actual requirements, which can vary from time to time. 

Since the government can gain the financial benefits of lower net operating subsidies and 
capital budget support by implementing pricing policies as recommended in the Masterplan, 
there may be insufficient incentive at the present time to fully implement a utility type of 
organisation. The potential efficiencies of the utility approach are worthy goals however, 
and the utility management approach should be a long term objective. 

L.1.1.3 Existing Organisation, Separate Operations 

Water supply functions are currently carried out under several departments in the 
Directorate General for Water and Transport. Operation, maintenance and revenue 
functions for the primary service areas are performed by the Water Department. The 
Remote Areas Water Department provides the same services in the outlying areas. 
Engineering planning, design and construction supervisory services are provided by the 
Technical Affairs Department. Implementation of the masterplan recommendations would 
have no material impact on the way these functions are performed. With the exception of 
the revenue functions, there are no features of the present organisation for water supply 
which urgently require modification (see section L.3 for recommendations conceming the 
organisation cf the revenue functions). 

A new department has been planned within the Municipality to manage the wastewatel 
collection and reclamation functions. The proposed Drainage and Sewerage Department is 
to consist of four sections which would continue to manage ongoing regulatory and 
licensing functions and assume expanded responsibilities for operation of the stabilisation 
ponds and the tanker collection of wastewater. Preparations were being made in July of 
1991 for receiving tenders for the performance of the O&M of che stabilisation ponds under 
contract. 

The Consultant recommends that this department also provide initial programme 
management services for the implementation of the Priority Works Programme. The 
department would also play a major role in making preparations for handling the operating 
and maintenance responsibilities for the Priority Works facilities through contract services. 

The intended structuring of the department is basically sound and makes provision for all 
the necessary functions. It is a straightforward approach which involves minimal 
disruption of existing institutional alrangements. Although the plan is basically workable 
without significant modification, there may be opportunities to achieve efficiencies, 
improve coordination of related functions or otherwise provide for improved perfoimance 
by establishing joint operations with the Water Supply Department. 

The principal recommendations of the Project Team pertaining to an organisational 
arrangement which continues the separation of water and wastewater functions as presently 
structured would be: 

o Create a Revenue Department 
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The meter reading, billing and collection functions presently conducted in several 
sections of the Water Department should be reestablished in a Revenue Department
in the Directorate General for Finance and Administrative Affairs. This should be 
accompanied by a complete systems analysis and upgrading including the 
introduction of computers. Performance of the revenue functions under contract to 
a private firm should also be evaluated and implemented if found feasible and 
beneficial. Further details concerning these proposals are provided in section L.3. 

o Create a Programme Management Unit 

A Programme Management Unit (PMU) is needed to provide management and 
coordination services for the implementation of the development of the Stage I 
works. Its principal goals are to assure on-time completion, within budget, of all 
the elements of the programme. The PMU would employ project management
techniques as recommended in section L.4. The PMU would perform essentially
all the functions of the Planning and Research Section of the Drainage and 
Sewerage Department during the first and second phase implementation period
(until the end of 1995). Subsequently, the PMU and its staff would form the 
nucleus of the Planning and Research Section. Project management functions 
would then continue in this section, but at a reduced level. 

L.1.2 Options for Combined Operations 

L.1.2.1 The Merits of Combined Operations 

Although neither the water supply nor the wastewater management functions demand
 
immediate restructuring, the potential benefits to be derived from the merger of the two
 
organisations are substantial.
 

The very sound principle has already been established in Salalah of combining capital 
works and eperaional responsibilities for water supply in the one directorate. The same 
principle should also be followed for wastewater. In terms of both capital works planning
and operations, including impact monitoring, the'e are very important linkages between the 
water supply and wastewater functions. These linkages include the need for close 
coordination of system expansions, treatment and reuse goals and methods, and revenue 
collection. In addition, common management provides the opportunity to share scarce 
professional resources. 

Where not precluded by historical political considerations, common management of water 
supply and wastewater development and operations is common in developed countries. 

After considering a number of possibilities, two alternatives for combining water and 
wastewater activities have been selected. These are presented and discussed below. 

L.1.2.2 Combined Operations under the Deputy Governor 

In Alternative A, the combined operations would be assigned to a new Directorate General 
of Water and Wastewater for Salalah under the Deputy Governor. As shown in Figure
L. 1, four departments would be created, namely the Departments of Wa~er Operations,
Wastewater Operations, Technical Affairs, and Revenue. The Water Operations 
Department would be responsible for all the O&M functions presently performed by the 
Water Department. The Wastewater Operations Department would be responsible for the 
operating functions presently intended to be allocated to the Operation and Maintenance 
Section and the Sewage Treatment Plants and Laboratories Section of the planned Drainage 
and Sewerage Department under the Municipality. 

The Technical Affairs Department would undertake the responsibilities of the present 
department of the same name in the Directorate General of Water and Transport, plus the 
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duties currently intended to be assigned to the Planning and Research Section of the
 
planned Drainage and Sewerage Department. It would also include the regulatory functions
 
of the Licensing and Inspection Section of the Drainage and Sewerage Department, except

those related to licensing of tankers and operators which would return to the Health Affairs
 
Department in the Municipality. Some further internal organisational planning would be
 
required, but the ultimate objective would be to meet the needs of both the water and
 
wastewater activities in a more efficient manner than can be achieved under separate
 
organisations.
 

A Revenue Department would be created using as a nucleus staff from the various sections 
of the Water Department which perform meter reading, billing and collection functions. 
The former Directorate General for Water and Transport would become the Directorate 
General for Transport, retaining both the Transport and Remote Areas Water Supply 
functions. 

This alternative has the advantage that it would involve the least amount of organisational
restructuring. Only one new directorate would be required, consisting of two departments
which are already under the Deputy Governor's supervision plus one department moved 
from the Municipality. 

On the other hand, the organisational philosophy for the Office of the Minister of State and 
Governor of Dhofar appears to call for the provision of municipal services such as water 
and wastewater under the Municipality, rather than under the Deputy Governor. With the 
water supply functions already apparently out of place, moving the wastewater functions 
into the Deputy Governor's sphere of activities would appear to be reinforcement of a 
situation which is already at odds with the overall organisational philosophy of the 
Ministry. Furthermore, the span of control of the Deputy Governor currently covers six 
directorates plus a variety of offices, committees, units and delegates. The addition of still 
another directorate involving a totally new municipal service of major proportions could 
prove to be an excessive burder. Inasmuch as the Ministry was recently reorganised in a 
manner that eliminated a previously existing second Deputy Governor position, relief of 
this span of control problem is not likely to be found in the creation of a second Deputy 
Governor position. 

L.1.2.3 Combined Operations under the Municipality 

Alternative B is illustrated in Figure L.2. Like Alternative A, the combined operations
would also involve the creation of a Directorate General for Water and Wastewater for 
Salalah, with four departments. In Alternative B, however, the Directorate would report to 
the Executive Director of the Municipality rather than the Deputy Governor. The two 
operating departments for water and wastewater would be identical to the two operating 
departments described under Alternative A. The Technical Affairs Department would also 
be structured in much the same manner as its counterpart under Alternative A, and be 
designed to meet the technical needs of both the water and wastewater functions in an 
effective and efficient manner. The fourth department however, would incorporate all the 
regulatory functions, all matters associated with connections and gaining access to the 
wastewater collections system as well as the liaison activities with other utilities and 
government agencies such as roads, transport and police.. 

The addition of the water functions, in combination with the major workload increases to 
be encountered in the development and operation of the wastewater facilities, would require 
further restructuring of the Municipality. With an already overextended span of control at 
the level of the Executive Director, the Municipal structure would need to expand its 
intermediate level managerial units. Two additional directorates are therefore included in 
Alternative B, one to direct administrative and financial activities and another to manage the 
remaining municipal services. The Revenue Department would be suitably placed in the 
new Directorate for Administration and Finance. 
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On the Deputy Governor side of the Ministry organisation, a Directorate General for 
Transport would manage the remaining transport and remote areas water functions in the 
same manner as shown for Alternative A. 

The primary advantage of Alternative B is its fundamental compatibility with the 
organisational philosophy of using the Municipality as the focus for the provision of 
infrastructure and related public services. This Alternative would also provide an improved 
balance between the Municipal Chairman and Deputy Governor sides of the Ministry's 
organisational structure. The span of control of the Executive Director would be much 
more manageable. Instead of being responsible for ten departments with no directorates, 
Alternative B provides for three directorates and three departments. This is consistent with 
the pattern found under the Deputy Governor and reduces the number of subordinate units 
reporting to the Executive Director by 40 percent. 

A disadvantage of Alternative B may be the extent to which change is involved. The water 
supply functions not only leave the current parent directorate, they are moved from the 
Deputy Governor's Office to a new chain of command under the Municipality. Alternative 
B would also be slightly more costly in that it would establish two more directorates and 
two more departments than are included in Alternative A. The advantages of creating these 
new units are that this arrangement (a) puts emphasis on water and wastewater revenue 
collection by making it an identifiable department within a directorate in which financial 
skills will predominate, and (b) provides an improved structure for the existing municipal 
functions, which are not addressed by Alternative A. 

L.I.3 Recommended Arrangement 

The Consultant recommends that the water and wastewater functions be combined under 
either Alternative A or B rather than being kept separate as at present. The Consultants also 
recommend Alternative B over Alternative A for two principal reasons. First, the 
Municipality's basic governmental purposes appear to be service oriented, and in fact one 
might question why the water supply functions are not already a municipal responsibility. 
Second, the span of control (number of directly reporting subordinate units) of the 
Executive Director of the Municipality under Alternative B would be much more favourable 
than that of the Deputy Governor, whose span of control would expand to seven 
directorates under Alternative A. Overall, the disadvantages of slightly greater cost and 
change in existing responsibilities appear to be well justified. In the event that a decision is 
made that combined water and wastewater operations cannot be undertaken at the present 
time, at least the above recommendations concerning the creation of a Revenue Department 
and Programme Management Unit should be implemented in any case. 

L.2 Service Connection Implementation Programne 

L.2.1 Basis 

The Priority Works Programme envisages a total of 10,300 connections being made in the 
second half of 1995. While it is reasonable to expect that the principal elements of the 
connections can be integrated with and completed as part of the construction of the lateral 
sewers, bringing the connections to closure will be a challenge for the contractors, the 
consultant and the authority. 

L.2.2 Service Connection Planning Unit 

L.2.2.1 General 

It is of paramount importance to the realisation of the benefits of the investments made in 
wastewater facilities, to achieve the maximum number of connections in the shortest period 
of time. Specific institutional arrangements backed-up by the necessary staff and financial 
resources are needed. 
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In the months prior to completion of the conveyance and reclamation facilities, it will be necessary to properly inform the public of the benefits and costs of the new wastewater 
management system. Subsequently, major efforts must be undertaken to meet individually
with prospective customers to secure formal applications for connections and collect thestipulated deposits. Immediately upon completion of the wastewater systems, it will be 
necessary to bypass and fill septic tanks and complete the final connections to the building
plumbing systems for thousands of premises in a short period of time. 

Procedures must also he in place to establish the linkages with the water billing system so
that cost recovery processes can be initiated as soon as the beneficiaries begin receiving
service. These functions should be assigned to a Service Connection Planning Unit
(SCPU) which should be constituted within the Programme Management Unit. 

The SCPU would be a management oriented group which would draw upon the staff resources of the Municipality, other agencies within the Governor's Office and private
sector resources to achieve the house connection goals. The SCPU should be activatedearly in 1992. The success of the connection programme will depend upon effective
performance of three principal sub-programmes, namely a community information
campaign, a customer canvass and measures to initiate services on a timely basis. 

L.2.2.2 Community Information Campaign 

It is important introduce to the public the conccpts and benefits of wastewater reclamation
and its associated public health and environmental benefits, together with the need for theauthority's contractors to enter private premises to make sewer connections. The timing ofthe start of thc required information programme will depend on the way in whichconstruction contracts are scheduled and the point at which entry onto private premises will
need to begin. The general information component should begin at about the time when
major construction work begins. The entry onto premises component should follow but
should precede actual entry by several weeks. 

The first step in organising a socially oriented marketing effort of this type is to define the"message." This should be factual, stated in terms that are readily understandable andhighlight the benefits. At the same time, the message should be candid in pointing out such

matters as the potential for occasional disruption of traffic due to construction and the fact
that beneficiaries will be expected to bear some of the costs. The next step is to identify the

best means (media) for conveying the message. Approaches used successfully elsewhere
 
include:
 

o 	 Newspaper articles, advertisements/supplements; 

o Speakers at meetings (professional or service organisations); 

o 	 Flyers or newsletters, possibly delivered with water or electric bills or passed out in 
the schools; 

o 	 Radio/television "spots" or brief commentaries; 

o Posters in public places, similar to the posters on water conservation used by the
Directorate General of Water Supply and Transport; and 

" 	 Poster design contests in the schools. 

All such efforts require repetition and frequent follow-up to drive home the message.
Another key element of such a campaign is that it must have the backing of well known andrespected individuals and community leaders. Endorsements from such individuals willenhance the credibility of the overall outreach effort. If socially and culturally acceptable, 
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the assistance of a professional public relations or marketing firm could also be of material 

benefit in the planning and implementation of this campaign. 

L.2.2.3 House to House Survey 

A survey should be made of all the properties potentially to be initially served by the new 
Priority Works system. The purposes of the canvass is to: (a) verify that the premises are 
appropriate to be connected to the system, (b) provide a full briefing on the wastewater 
reclamation programme, (c) explain the details concerning connection costs and service 
charges, and (d) obtain the customer's application for a connection and the required
deposit. The canvass would be accomplished on a door-to-door basis with the intent of 
meeting directly with the property owners. The canvassing process is the heart of the 
connection programme and requires careful planning and preparation. The principal steps
in the process are outlined below: 

o Establishing The Basic Customer File 

This involves creation of a data base covering all properties that are intended to be 
served by the wastewater reclamation system. Sources of information would 
include property records, water billing information (including the census of water 
customer accounts to be prepared in the upgrading of the water revenue systems 
see section L.3.2 below) and engineering drawings prepared for the development of 
the construction documents for the lateral sewers and connections. The file should 
include, for each property, the basic information concerning exact location and 
name and address of the owner. It should also be suitable for use in scheduling 
contacts with owners, recording the status of the application process and 
conducting follow-up contact where necessary, extracting information for use in 
scheduling of the final step in completing the connection and for merging the 
information into the billing records of the Water Department. 

o Conducting the Canvass 

After the community information campaign has been underway for several months,
the canvassing process can begin. This can be expected to be an arduous and time 
consuming task. The sub-tasks involve training of interview teams, scheduling of 
appointments, conducting interviews, and rescheduling and follow-up efforts as 
required. This would be done systematically on a neighborhood by neighborhood
basis and would ideally be coincidental with the advent of sewer construction in 
each area to be canvassed. 

o Handling Problem Situations 

No matter how well the connection programme is planned and prepared, problem
situations will arise. These situations for example, could stem from inability to 
contact absentee property owners, intransigence/lack of cooperation by property 
owners and unusual physical situations (such as the handling of connections for 
major institutional properties) requiring policy decisions at higher level. These 
situations should be anticipated to the extent possible and policies established for 
dealing with them. 

L.2.2.4 Completing the Linkages 

The final steps in the connection processes involve completion of the physical links 
between the customer's premises and the collector sewers. Assuming the Priority Works 
are completed as planned as of July 1, 1995 and are ready to receive wastewater flow as of 
that date there will be an estimated 10,300 premises for which the gap between their 
household drainage systems and the new system must be closed. 
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In each case, it will be necessay to expose the previonisly installed and plugged connection 
pipe and make the final connection. It will also be necessary to empty, break down and 
disinfect the septic tank and fill it with select material. This work will involve entry onto 
private premises and therefore must be carefully scheduled in advance, and building 
owners must be informed of the schedule and any changes to it. Consultant inspection of 
the work, and witnessing of smoke testing, is necessary prior to backfilling, which 
involves another step adding to the time required to complete each connection. Problems 
can arise. Maintaining a continuously effective production procedure for securing
connections properly and on schedule will require dedicated effort by the contractors, 
consultant and SPCU. 

On the basis of a target of 10,300 connections in a 12-month period, it will be necessary to 
complete over 30 each working day, assuming a six day work week. This will require the 
contractors to maintain a large number of crews (possibly about 30, each divided into teams 
and supported by survey and drafting staff) and the consultant to provide about 10 
inspectors and supervisors as well as drafting staff. In addition, the SPCU should provide 
at least two field inspectors in order to assure itself continuously of the soundness of the 
programme. 

Completion of the institutional linkages would Involve a flow of information from the 
SCPU (with subsequent notice from the contracting unit confirming completion of the 
installation) to the billing unit in the Water Department and then to the unit which will be 
responsible for maintenance of the collection system. After completion of the initial 10,300 
connections, the SCPU could be disbanded and routine procedures established for less 
demanding ongoing connection programme. 

L.3 Revenue Systems 

L.3.1 	 Generation of Revenue from Water Operations; the Present Situation 

Although minor amounts of revenue are earned from charges collected for septage pumping 
done by municipal tankers and from license fees for private tankers, revenues from water 
consumption service charges are by far the greatest single source of locally derived income. 
Water service charge income amounted to some 2.6 million Omani Rials in 1990, most of 
that amount being earned from metered accounts in Salalah. 

The principal features of the systems and procedures followed in the generation of water 
service revenues are as follows: 

o 	 The process of registering a new customer begins when the applicant files for a 
permit for a connection to the system at the Water Department. The registration 
process is completed after the connection has been made and the new customer has 
been added to all the appropriate account records and has been added to a meter 
reading route. 

o 	 The revenue cycle then begins on a routine basis; meter readings, billing activities 
and collection processes constitute the remainder of the revenue system. 

" 	 The 13,000 connections in the system are 100 per cent metered; there are 16 meter 
readers, one of whom is assigned to the large meters/large consumer accounts over 
the entire area. Other meter readers operate in assigned route areas; productivity is 
estimated at about 40 readings per day, but wide variations in performance exist. 
Meter readers are also responsible for identification of potentially malfunctioning 
meters or of leakage tirough observation of consumption trends. 

o 	 Although meters are read monthly, the billing process cannot consistently produce
monthly bills for all accounts. As a consequence, bills for some accounts are only
issued bi-monthly, quarterly or less frequently in sume instances. Supervision and 
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oversight practices to verify performance are not evident. Periodic rotation of route 
assignments among the readers is not practised. 

" 	 All elements of the system are carried out manually. Computerisation of the system
is said to have been evaluated previously, but rejected due to cost and staff 
utilisation factors. 

o 	 Customer payments are accepted at either of two Water Department locations which 
are open from 7:30 to 12:30 each work day. The bill documents indicate that 
payment must be made within 14 days to avoid the risk of service termination. In 
practice, overdue accounts are allowed to accumulate to the level of RO 500 before 
action is taken to terminate service. After receiving notice of service disconnection, 
or after actual disconnection, customers wishing to reinstate service can do so by
negotiating terms for payment of amounts due (possibly a reduced amount) on an 
installment basis, plus an RO 18 reconnection fee. An estimated 25 accounts are 
handled in this manner each month. 

" 	 Total accumulated accounts receivable reached the level of RO 3.8 million at the end 
of 1989, which is equivalert to about 18 months of revenue. There is no aging of 
receivables. 

" 	 The MOF provides cash collection summaries quarterly so that actuai revenues can
 
be compared with budgeted amounts. The receivable balance is tallied every six
 
months. Data pertaining to the various aspects of the system can be produced, but
 
the manual nature of the process requires a significant effort to generate such
 
information on each occasion. Under current procedures for example, in order to 
determine the total amount billed for any given period, it would be necessary to 
extract the information manually from the 13,00 customer account cards. 

L.3.2 	 Revenue System Improvemcnt Programme 

Revenue procedures are in serious need of upgrading. Improvements are particularly
important in view of the magnitude of the water revenues and the proposal for using the 
water billing process as a vehicle for implementing the wastewater service charge.
Likewise, the type of detailed analysis needed to support the implementation of a stepped
tariff schedule virtually demands the computerisation of accounts and records. It is 
strongly recommended that a revenue system upgrading programme be undertaken along 
the following lines: 

o 	 Conduct Customer Account Census 

This would involve the conduct of a door to door "census" throughout the Salalah 
service area to (a) update all account records concerning owner and/or occupant,
and classify them relative to type of consumption (e.g. domestic, commercial, 
institutional, etc.) (b) eliminate accounts for demolished buildings, (c) investigate 
accounts which have consistently shown zero or very low consumption, (d)
identify premises receiving water service which are not included among the 
billing/customer account records, and (e) create a working set of base maps which 
can be used to plan and organize meter reading routes and serve as basic records for 
planning the sewer house connection (and subsequent billing) programmee. 

o 	 Identify Revenue System Objectives 

The objectives of the revenue system to be developed should be ciearly identified. 
An optimum system would for example, (a) include a minimum of data entry steps,
(b) highlight anomalies for verification, (c) minimise document preparation, (d)
include supervision and control of key steps, (e) assure that all accounts are billed 
monthly, and (f) provide for automatic and timely preparation of reports on such 
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matters as volume and amounts billed, accounts receivable (aged) by area and 
customer classification, new connections, changes in account status 
(disconnections, reconnections and changed ownership), meters removed, tested or 
replaced and meter reading performance. The system should be flexible enough to 
accommodate future changes in tariffs including stepped rate schedules, minimum 
charges, surcharge for wastewater and for the amortisation of sewer connection 
charges. The elements of such a system would be ideally suited to computerisation. 

o Design System Flow and Documentation 

Once the bh.ic objectives and parameters of the system have been established, 
design activities can be undertaken. This involves the detailing of each step in the 
process, the layout of principal data forms, account records and report formats. 
Specifications regarding computer hardware, based on software development and 
data volumes, will also be developed. Coordination with the Ministry of Finance 
(MOF) will be required with respect to the integration of collection data into system 

o Data Entry and System Testing 

Information from the updated customer account census and historic billing data 
would then be incorporated into the new system for testing. The new system
would be run in parallel with the existing system for one or more billing periods to 
verify system integrity prior to abandoning the current system. 

The foregoing tasks would be undertaken by a "Revenue Systems Improvement Team" 
composed of staff advisors from the Governor's Office and the Directorate's General of 
Water and Transport and Finance and Administrative Affairs. The Team would be assisted 
in the planning, technical design and implementation stages by consulting resources made 
available through the Priority Works design/construction consultancy. 

L.3.3 Feasibility Analysis of Contract Operation of the Revenue System 

After the improved revenue system has been in operation for a period of time, say about 
one year, a study should be made to determine the feasibility of conducting the revenue 
program through contract operations. These functions are ideally suited to the application
of performance/incentive based contract services. 

The feasibility analysis would involve first, the preparation of specifications which would 
clearly define the scope of work to be handled by the contractor, the personnel and 
equipment to be supplied and the minimum levels of performance expected. Consideration 
should be given as an option, to the inclusion of a meter inspection, testing and servicing
element in the prospective contract. In this manner, the prospective contractors would have 
full control over all the revenue generating functions. 

Incentive provisions should be included which reward the contractor for performance
which exceeds the minimum requirements. These would be designed of course to 
encourage the contractor to perform at a superior level by sharing a portion of the resultant 
benefits (readily identifiable and measurable) to be derived by the Governor's Office. The 
experiences of the Ministry of Electricity and Water (MEW) in Muscat should be carefully
reviewed as part of this process. MEW has for some time, contracted with the Oman 
Investn,cnt and Finance Co. for meter reading and billing services for the Muscat system. 

After coalpletion of the terms of reference and prospective contract terms, competitive bids 
should b, received from qualified firms. The lowest bid from a qualified responsible
bidder would then be analyzed in comparison with the costs and performance levels of the 
current operation. The expected level of performance should be carefully evaluated in this 
regard; even if the contract bid has slightly higher costs than government operation, the 
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resultant increase in revenue generation under the contract operation may be enough to 

more than offset the higher costs. 

L.3.4 Revenue Generation: Organisational Considerations 

Traditional organisational analysis involves determining the optimum location within an
organisation, both vertically and horizontally, of all of the component functions. It seeks to
improve performance through placement, under a single supervisor, of functions requiring
continuing and close coordination. It also seeks to identify p,'oper vertical positioning, so 
tl'-at suitably qualified staff can be attracted to and retained in the key positions. 

In the case of the current positioning of the revenue function (in fact the entire Water 
Department itself), one can question whether it is placed high enough in the organisation to 
give appropriate recognition to its importance and the professional skills needed to 
effectively and efficiently meet its obligations. Horizontally, the placement seems 
reasonable, but not necessarily essential to the performance of the revenue functions. The 
revenue functions in fact, could be carried out almost independently if they were deemed to
embrace the meter servicing programme and maintained the necessary coordinating
relationships with the Municipality and the Regulatory Connections and Liaison Section. 

The Masterplan recommendation in this regard is, generally, to elevate the status of the 
revenue function. This would be appropriate after completion of the system improvement
work and determining whether or not the function will be performed through contract 
services. Three scenarios have been identified and are set forth in the organisational
recommendations in section L.1 above. They are: 

o If Water and Wastewater Functions Remain Separate 

In this case, a Revenue Department should be created in the Directorate General for 
Finance and Administrative Affairs. 

" If Water and Wastewater Functions Are Combined Under the Deputy Governor 

A Revenue Department should be created ini this case, under the new Directorate for 
Water and Wastewater for Salalah. 

o If Water and Wastewater Functions Are Combined Under the Municipality 

A Revenue Department would in this case be established in the new Directorate for 
Finance and Administration. 

All activities related to the upgrading of the revenue system and decisions regarding 
contract operations and organisation should be completed by mid-1993. At this time or 
soon thereafter, it will be necessary to begin planning and preparing for the implementation
of the wastewater tariff, which will most likely take the form of a surcharge on the metered 
consumption of water customers who become connected to the wastewater system. This,
will add still another dimension to the revenue programme, especially if the 
recommendations for a stepped tariff system are adopted and implemented at the time of 
initiating the wastewater tariffs. By this time however, the newly upgraded revenue 
programme would be well equipped to take on the additional responsibilities. 

L.3.5 	 Interim Wastewater Revenue System for Septage 
. Disposal at Wadi Qaftawt 

The Priority Works Report contains recommendations for the collection of
wastewater/septage treatment fees at the Nadi Qaftawt Stabilisation Ponds. The 
recommended fees for treatment are designed to cover, together with the existing municipal
fee for hauling, the cash operating costs of the septage hauling and disposal operations. 
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Although the amounts estimated as being required to reach that revenue goal are relatively
small, it is considered important to reinforce the principle that the costs of wastewater 
manage-aent must be recovered. 

Even though the added costs would only represent, roughly, a 35 percent increase over the 
current tankerage fees, concern has been expressed that this additional fee could lead to
illegal dumping of septage at unauthorised locations. Also, there could be problems in
assuring appropriate financial controls over the private haulers which would be expected to
collect and turn over the fees for septage treatment to the Municipality/Governor's Office.
Several optional approaches for overcoming (hese concerns are available, including: 

o Coupon System 

This approach would involve the regulation of the septage collection system to the 
extent that property owners would purchase coupons entitling them to one or more
septic tank cleanings. The haulers would then be paid monthly based on the number 
of coupons (and volume represented by them) turned in at Wadi Qaftawt. There 
would be no cash transactions between the hauler and the customer, and the 
revenues from the sale of coupons w'ould cover both the hauling cost, to be paid to
the private hauler, and the treatment cost which would accrue to the government. 

System-wide Contract Hauling 

Under this approach, the Municipality would contract with the private haulers for
agreed-upon fees based on volumes delivered to the site. Customers would be 
billed based on purchase orders signed at the time the service is rendered. Again,
no cash would pass between the hauler and the customer. Since the hauler's
income would be based on deliveries to the site, there would be an incentive to 
maximise deliveries. 

No system can be devised to totally eliminate the potential for illicit operations. Either of
the above approaches .owever, would greatly reduce the potential for illegal dumping.
Regulatory provisions would need to be enacted and detailed administrative procedures
prepared to support either approach. These should be appropriately constructed with
penalty provisions sufficient to deter both the property owner and hauler from engaging in 
illicit practices. 

System design and development for this revenue programme would be made a part of the
larger systems development effort described above for upgrading the water revenue 
system. Technical advice and consultation would likewise be made available through the 
DesigniConstruction Consultancy. 

L.4 Programme Management Systems 

The Programme Management Unit (PMU) to be established in the Municipality will have 
two principal objectives reqarding programme implementation, namely to do everything
possible to assure its compklticn (i) on-time and (ii) within budget. It will be responsible
for planning and monitoring a multitude of contract procurement steps, contract
administrative procedures, coordinating relationships among and between involved 
agencies, consultant performance and the. performance of internal staff teams which have
been given specific task assignments. The Unit would have only limited direct authority,
but should have access to officials having the authority required to take corrective action,when necessary to keep a programme element on schedule or within budget. In order to 
effectively meet its responsibilities, the Unit must employ a programme scheduling and 
monitoring system. 

Various types of management systems have been designed to help programme managers in
dealing with project time and resources management. The generic terms for commonly 
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used project/ programme management systems include Programme Evaluation and Review 
Technique (PERT), Critical Path Method (CPM) and Gantt (bar) charting. Numerous 
proprietary versions of these techniques have been developed as computer software. but 
they all have the following features: 

o 	 Definition and breakdown of programme, project, sub-project, task, sub-task, 
activity and sub-activity, and identification of participants (responsible agencies or 
individuals) 

This involves identification of all the separate and distinct elements or components 
of a programme, which can be scheduled and costed. The organisations and/or
individuals responsible for each element are also identified in this process. 

o 	 Component Scheduling 

Scheduling of all the identified programme elements is then accomplished basea on 
the best estimates of required durations, start and finish dates and identification of 
dependency relationships (i.e. determination of which elements cannot be started 
until another element is completed). 

o 	 Component Costing 

Cost estimates are then made for each element as appropriate (not all elements need 
to be costed). 

o 	 Repetitive Processes 

When numerous iterations of the same sequence of activities appear in a programme
plan, it is useful to create a pro-forma schedule which can be applied to all such 
cases. This typically occurs in contract procurements wherein local approval 
processes must be followed in each case. 

The completed programme plan thus provides the basis for detailed monitoring of progress
in tei'ms of time and costs. "Milestones" are key target dates for measurint, progress and 
there is a "Critical Path" which defines the series of programme elements which must be 
completed in sequence ane which together comprise the longest completion period. Delays
experien:ed among elements on the critical path will result in delay of the. entire 
programme, whereas delays experienced in completing other elements, while possibly
signifying implementation problems, will not affect the ultimate completion of the 
programme. 

A review has been made of procedural requirements associated with contract procurement
in the Southern Region. On the basis of the steps and elapsed times involved in the 
implementation of the stab!lisation ponds at Wadi Qaftawt, the procurement cycle can be a 
very demanding and time consuming process. There are over 50 separate steps involved in 
implementation of a major project, as is illustrated by Figure L.3. Implementation of the 
Masterplan Stage I programme will involve repeated cycles of project definition, 
procurement and land acquisition, all involving coordination with or approvals of other 
agencies. It is therefore important for the PMU to give special attention to these factors to 
lend realism tco programme planning and scheduling activities. 

It is strongly recommended that the PMU adopt a computer-based project planning"module" (using "Easy Project," "MacProject" or other system) which can be used to 
manage the procurement process. This would permit simplification of the overall 
programme management plans by greatly reducing the effort needed to provide for 
repetitive implementation steps. At the same time, it would give the special emphasis to 
detailed planning and follow-up warranted by this critical aspect of implementation. 
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L.5 Position Descriptions 

L.5.1 Interim Staffing of the Programme Management Unit 

Following are outline position descriptions for the initial staffing of the PMU. 

Programme Manager 

Duties: Responsible to the Head of the Technical Affairs Department for the
implementation of the Water Supply and Wastewater Masterplan, including: the 
management of all PMU staff; staff selection and making recommendations for any
disciplining of PMU staff; coordination with other departments and units within the
Municipali:y (with full information being provided to the Head of the Technical Affairs
Department); acting as final arbiter for the Municipality in relation to administration of
consultancy, equipment supply and construction contracts for the Masterplan Programme;
assisting and advising the Head of the Technical Affairs Department on the initiation and 
management of the proposed twinning programme; and ensuring satisfactory performance
by the PMU of the functions listed in section 6.2.1 above. 

Qualifications: Civil, public health or sanitary engineer with a master's or equivalent
qualification in either business management or engineering, and with a total of at least 15
years' relevant experience including wastewater system planning/design and programme or 
construction management. 

Chief Sanitary Engineer 

Duties: Responsible to the Programme Manager for all technical aspects of the programme
including: monitoring programme coordination with other agencies; reviewing and
proposing technical criteria and standards; oversight of all scheduling and technical 
monitoring activities of the PMU; arranging for and evaluating the results of any necessary
performance checks on Masterplan consultants and contfactors; and performing, or
preparing for and overseeing, Masterplan updates as necessary. 

Qualifications: Civil or sanitary engineer with a bachelor's or equivalent engineering
qualification, and with at least 10 years' relevant experience including planning and design
of wastewater facilities, and construction supervision; familiarity with computer-based
scheduling systems an advantage. 

Contracts Administrator 

Duties: Responsible to the Programme Manager for: the financial component of programme monitoring and record systems; and the processing of administrative actions 
related to consultancy and construction contracts, including payment authorisations and 
claims. 

Qualifications: Bachelor's equivalent qualification inor accounting or business 
management, plus experience in contract administration. 

Computer Systems Specialist 

Duties: Responsible to the Programme Manager for the provision of user support for 
computer systems and for the establishment and maintenance of computer-based project
scheduling and monitoring systems. 

Qualifications: Bachelor's or equivalent qualification in a technology having extensive 
computer applications, plus a master's qualification or equivalent experience in technology
related computer applications. 
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Service Connection Planning Unit (SCPU) Manager 

Duties: Responsible to the Programme Manager for the implementation of the service 
connection planning component of the Masterplan, including: the technical direction of all 
SCPU staff; coordination with the Regulation, Connection and Liaison Department (with
full information being provided to the Programme Manager); and ensuring satisfactory
performance by the PMU of the planning and technical functions listed in section 6.2.2 
above in relation to new connections. 

Qualifications: Bachelor's or equivalent qualification in building services or mechanical 
engineering, with a total of at least 15 years' relevant experience including design,
inspection, and preferably administration of standards, in relation to building drainage
systems and connections to sewers, including in separate systems not intentionally
admitting surface water. 

SCPU Engineer 

Duties: Assists the SCPU Manager in technical aspects of the sewer connection planning 
programme, as directed. 

Qualifications: Civil, hydraulics or sanitary engineer with experience in the design,
inspection and approval of sewer construction and connections to sewers. 

SCPU Data Manager 

Duties: Establishes and maintains computer-based and other records of planned and 
constructed service connections, progress in service connection application processing (by
the Regulatory Affairs, Connection and Liaison Department), pretreatment facilities and 
relevant aspects of private drainage systems. 

Qualifications: Technical education in an engineering or related discipline, plus database 
management and drafting experience. 

SCPU Field Survey Manager 

Duties: Plans, designs and conducts or directs field surveys and canvasses of customers,
and service connection requirements; collects, records and passes on for processing
connection applications and deposits. 

Qualificaiions: Technical education in an engineering or related discipline, plus experience
in conducting house-to-house surveys in a Muslim environment. 

L.5.2 Senior Management Staff 

Following are outline position descriptions for the Director General (or for interim Acting
Director General for programme initiation) of Water Supply and Wastewater and for the 
Head (or Acting Head) of the Revenue Department: 

Director General (or Acting Director General) of 
Water Supply and Wastewater 

Duties: Responsible to the Executive Director for the direction, control and coordination of 
water supply and wastewater development, operations, technical affairs and regulatory
functions. Selects, appoints and supervises the heads of the Departments of Water 
Operations, Wastewater Operations, Technical Affairs, and Regulatory Affairs,
Connections and Liaison. Develops operating policies and procedures for the approval of
the Executive Director and the Chairman. Proposes short term and long range goals and 
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plans for achieving them. Oversees the preparation of Five-year Development Plan inputs
and annual recurrent budget requests. Delegates authority to the departments as needed for 
efficient and effective operations. Coordinates with other Directors General within the 
Municipality and under the Deputy Governor. Oversees the twinning programme.
Prepares annual reports covering operational performance, progress in completion of 
development projects, and expenditures in comparison with targeted amounts. 

Qualifications: Bachelor's degree in engineering (civil or sanitary preferred) with a 
master's or equivalent qualification in business or public administration. Fifteen years of 
progressively responsible experience including at least five years' experience as director or 
manager of a water supply and/or wastewater utility organization. 

Head (or Acting Head) of the Revenue Department 

Duties: Responsible to the Director General for Administration and Finance for the 
direction, coordination and control of the meter reading, billing and collection functions for 
(a) water services, (b) interim revente system for septage disposal, and (c) wastewater 
services. Supervises either section heads in the performance of such duties, or contract 
administrators managing contractor performance of such functions. Directs the design and 
subsequent implementation of a comprehensive revenue system improvement programme.
Prepares recommendations concerning the use of contract services for the performance of 
revenue functions including meter reading, inspection and servicing. Directs the 
preparation of timely and accurate reports on billings, revenues, receivables and collection 
performance. Prepares reports on overdue accounts for appropriate action by the Water 
Operations Department. 

Qualifications: Bachelor's degree, master's preferred, in accounting, finance or business 
administration. Ten years of progressively responsible experience in revenue programme
administration, with at least two years at a supervisory level. Knowledge and experience
of the use of computer applications in accounting or finance is preferred. 
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Studies Conducted and Recommended 

N.I 	 Introduction N-I 
N.2 	 Studies Conducted N-I 

N.2.1 	 Household Water Use Survey N-i 
N.2.2 	 Industrial Survey N-3 
N.2.3 	 Small Farm Survey N-7 
N.2.4 	 Infiltration and Permeability Studies N-9 
N.2.5 	 Bacteriological Tests N- 15 

N.3 	 Studies Recommended N-17 
N.3.1 	 Design and Construction Services Consultancies N-17 
N.3.2 	 Water and Wastewater Utility Twinning Assistance N-29 

Consultancy 
N.3.3 	 New Water Source Investigations N-31 

Table N. I Summary of Household Water Use Survey N-2 
Table N.2 Summary of Small Farms Survey N-10 
Table N.3 Modified Infiltration Test Results N-13 
Table NA Summary of Bacteriological Testing N-17 

Figure N. I Industrial, Agricultural and Other Pollution Source Areas N-4 
Figure N.2 Locations of Infiltration/Percolation Tests N-14 
Figure N.3 Hydrogeologic and Soil Conditions at Daha N-16 
Figure N.4 Locations of Bacteriological Tests N-I 8 
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APPENDIX M 

WASTEWATER SYSTEM 

FINANCIAL ISSUES AND PROJECTIONS 

M.1 Introduction 

The recommendations and information presented in this Appendix is intended to support
the Municipality and the Office of the Minister of State and Governor of Dhofar in the
establishment of a workable financing plan for the Priority Works Programme which can
achieve the necessary approvals at the central levels of government. 

M.2 Financial Action Plan for the Wastewater System 

M.2.1 	 Overview 

The key steps in the proposed financial action plan for the implementation of the Stage 1 
wastewater facilities are: 

o 	 Reach agreement on the financial objectives; 

o Begin preparing the financing package for use in project processing; 

o 	 Reach agreement on preferred capital funding approach; 

o 	 Gain a consensus concerning a revenue programme; 

o Evaluate options for optimal operational performance; and 

o 	 Finalise the proposed financing package. 

These steps are described in the following sections. 

M.2.2 	Reach Agreement on Financial Objectives 

A common understanding should be reached concerning the goals of the financial plan.
The recommended financial plan is designed to accomplish two broad objectives. 

The first objective is to minimise net outlays by Government from its development
resources in support of the programme. Under the recommended plan, this would be 
accomplished as follows: 

o 	 Where practical and financially beneficial, incorporate private sector capital into the 
financing plan; 

" Include long term loans in the plan in balance with the wastewater entity's ability to 
meet debt service obligations; 

o 	 Involve beneficiaries of the wastewater services in the funding plan (through
connection charges) in recognition of the increases in the values of their properties
resulting from the development of the wastewater system; and 

" 	 Develop a revenue stream of sufficient magnitude so that after all operating 
expenses and debt service obligations are met, sufficient cash remains to fund a
portion of the continuing capital programme. 
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The second major objective incorporated in tic iecommended financing plan is to minimise
annual outlays by Government from its general funds to support recurrent costs. The
recommended plan seeks to meet this objective in the following ways: 

o 	 Design the investment program with a view toward its earnings potential. 

By incorporating as many connections as possible into the initial service area,
earnings will be optimised during the initial years of operation. This will reduce the
level of operating subsidies and equity contributions required from government in 
the early years of operation. Itwill also maximise groundwater recharge, which
has an even greater economic return than the anticipated revenues from service
charges. Short term savings due to reduction of the Priority Works programme by
deferring connection and collector costs would prove very costly in the long run. 

o Establish tariffs, for wastewater services linked to water consumption, at a level 
that will result in the equivalent of financial self-sufficiency (i.e. covering all cash
operating expenses, debt service and a portion of the ongoing capital programme). 

" 	 Establish fees for the disposal of septage at Wadi Qaftawt at a level sufficiently
high to cover all cash operating expenses. 

" 	 Identify and exploit any opportunities available for reduction in operating expenses
ard/or improved performance through the use of incentive based service contracts. 

o 	 Establish the tariff structure for wastewater services in conjunction with a
restructuring of the water tariff to enhance the overall affordability of water and 
wastewater charges. 

The recommended financing plan that follows, is designed to achieve the objectives
outlined above. Any variances between the foregoing and the objectives identified by the
Municipality and Office of the Minister of State and Governor of Dhofar may require
modification of the recommended plan. 

M.2.3 	Begin Preparing the Financing Package for Use in
 
Project Processing
 

The preparation of a "fundable" project package involves the creation of credible 
information along the following lines: 

o 	 Estimates of capital expenditures to be required, year by year, at market prices; 

" 	 Estimates of incremental recurrent costs to be incurred as a result of, and in the 
years following project implementation; 

" 	 Identification of the proposed sources of capital funding, the amounts to be 
obtained from each, the terms and disbursement schedules; 

o 	 Identification of revenue sources for capital cost recovery, sustainability of 
operations and support of future capital investments; 

o 	 Affordability assessments demonstrating the feasibility of proposed service charges
and other assessments; and 

" 	 Economic assessments which measure the performance of the proposed investment 
in terms of the returs to the economy. 
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Traditional methodologies for the preparation of project financing packages involve the use
of forecasts of financial statements employing commercial accounting practices typically
followed by utility organizations. Although there is no precedent for such operating and
reporting practices among the wastewater (or water supply) organizations in Oman,
forecasts have been prepared representing a hypothetical "Salalah Wastewater Management
Department." 

The financial forecasts covering the recommended financing programme are presented in
Section M.2. Notes and supporting tables accompanying the forecasts provide explanatory
information covering major assumptions and sources of data employed therein. These
forecasts constitute a major element of a"financing package" and, after modification as maybe necessary to reflect Client preferences, can be used Zo support the approval processes for
the Priority Works Programme. 

M.2.4 Reach Agreement on Preferred Capital Funding Approach 

The Stage 1 wastewater investmet programme to be funded includes the development of
the proposed new Central Wastewater System, and upgrading of the Wadi Qaftawt System,
through the year 2000. The estimated capital costs of the programme are: 

KDQNMillion 

Phase 1 33.9
 
Phase 2 
 6.3
 
Interest 
 2.4 
Phase 3 10.0 

52.6 

These costs include capitalised interest during construction of the Phase 1/Phase 2 
wastewater programme. They represent estimated current year costs. 

Potential funding sources are: 

o Development Funds of the Sultanate 

This is the traditional source of development funds. It is understood that a total of
RO 9.0 million had been allocated to Salalah wastewater projects in the Third and
Fourth Development Plans, and that a portion of this amount has been expended for 
master planning (counterpart funds), the stabilisation ponds and related items. The
recommended financing plan includes an amount from this source of RO 22.2
million. This would require an amendment to the current (Fourth) five year plan to 
make-up the difference between the balance of previously authorised funds and the
required RO 22.2 million. The additional amount required would likely be in 
vicinity of RO 15.0 million. 

o Donor Financing 

This is typically a "soft loan" or "credit" (long term loan at very low interest and
extended amortisation period) or long term loan at a preferred rate, such as the rates
charged by intemational development banks. The recommended financing plan
includes a loan in the amount of RO 5.8 million from this source which could be
sought from abilateral source such as USAID or OECF (Japan). 

o Investor Financing 

This could include, possibly, funds from the public sale of "Salalah Wastewater 
Bonds" guaranteed by the government with attractive interest rates and/or tax 
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incentives. Direct equity participation from private sector sources is another 
possibility. Potential private sources include commercial/investment banks,
construction companies, operational management specialist firms and private
individuals or consortia. To the extent that private sector funding displaces public
sector funding, the result can be considered as a form of "privatisation." (See
Section F.4 for a discussion of various approaches to privatisation, its advantages
and disadvantages and risks.) The recommended financing plan includes RO 13.2 
million from one or more sources within this category. 

o Connection Charges 

This concep* is based on the premise that a portion of each connection will be built 
upon and become a permanent improvement to privately owned property of the
beneficiaries. The recommended financing plan provides for an assessment equal 
to one-half of the estimated costs of connections. Property owners would be 
permitted to pay the charges in monthly installments over a five year period,
beginning in the year following completion of the connection. As a result of the
installment payment plan, this funding source provides only marginal resources 
during the initial development period, estimated at RO 0.6 million. In subsequent 
years however, cash generated from this source becomes much more significant. 

" Internal Cash Generation 

This consists of surplus funds from revenues after deduction of all cash expenses
and debt service. This source becomes significant after the system has been in 
operation for several years, but is a small negative amount (-RO 0.3) during the 
initial development period. 

o Short Term Loans 

Loans from private banks or government sources could meet temporary needs for 
excess working capital during the initial development period. The recommended 
financing plan includes RO 1.2 million from this source which would be borrowed 
and repaid during the initial development period. 

Asummary of the recommended plan for financing the capital costs of the Fourth Five-year
Development Plan (Phase I and 2) component of the wastewater programme is shown in 
Table M. 1. 

M.2.5 Gain a Consensus Concerning a Revenue Programme 

The recommended financing plan would entail the creation of wastewater service charges
based on water consumption and linked to the water bills of households connected to the 
wastewater system. The plan calls for the implementation of wastewater tariffs averaging
220 Baisa for domestic customers and 330 Baisa for all other customers. These tariffs 
would become effective in 1995 upon initiation of wastewater services. 

The costs of treating septage at Wadi Qaftawt and other expenses associated with operating
the new facility would be covered by increased tankerage fees which should become 
effective as soon as possible after opening the new facility. A wastewater treatment fee
averaging about 200 Baisa per cubic meter delivered to the stabilization ponds would be 
collected by both the private and public haulers. It is estimatd that this would result in an
increase ranging from 25 to 35 percent over the existing tankerage fees or about RO 1.65 
per tanker load on the average. The additional fee collected by private haulers would be
turned over to the Municipality. Control mechanisms designed to preclude illegal dumping
of septage should be incorporated into revised regulatory measures. It should be noted that 
increases in hauling fees may be required as a result of the increased hauling distance to 
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Wadi Qaftawt, which would be supplemental to the indicated wastewater treatment fee of 
200 Baisa per cubic meter. 

TABLE M.1 Recommendations for Financing of Phases 1 and 2 

CAPITAL FUNDING SOURCES APPROX. AMT 
(RO M) 

USAID Loan 5.7 

Additional Loan, or Equity 13.2 

Local Short Term Loan 1.2 

Customers, for New Connections 0.6 

Internal Cash Generation - 0.3 

Subtotal 20.4 

Investment Budget, Central Level 22.2 

TOTAL PROJECT * 42.6 

• Includes interest during ccmnstruction. 

One additional minor source of revenue would derive from the sale of fodder grown over
the recharge area. A summary of the recommended revenue program components is 
presented in Table M.2. 

TABLE M.2 Revenue Sources for Cost Recovery 

PRELIM. EST. 
(BAISA/M3)** 

50% Surcharge on Domestic Water Bills 220 

75% Surcharge on All Other Water Bills 330 

Increase inTanker Fees for Treatment 200 

** At 1991 price levels 

The financial forecasts presented in Section M.3, show that fees in the order of magnitude
indicated above will, after the first several years of operation, provide the levels of revenue 
necessary to assure sustainability, recovery of capital costs and generate surplus cash funds
for use in financing the ongoing capital investment needed for future expansion of the 
wastewater system. By the year 2000, the rate of return on the average value of net fixed 
assets in service (revalued) would rise to 5percent, which is a very respectable value for a 
wastewater system. The debt service ratio in the same year would be an acceptable 1.5 and
the debt to debt plus equity ratio would be just over 31 percent. A rather remarkable aspect 
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of the forecast is that the very positive financial performance is achieved with no real
increase in tariffs over the forecast period. These findings are thought to be financially
conservative in that every effort has been made to avoid overestimation of revenues and 
underestimation of costs. 

M.2.6 Evaluate Options for Operational Performance 

The Consultant has reviewed the potential options for optimising overall operational 
performance. Two areas appear to offer significant potential: 

o Contract Operation and Maintenance Services for the Wastewater Treatment Plant 

Operational contracts have been used successfully in Muscat (e.g. for the Ghubrah 
desalination plant) as an approach for cost containment while concurrently
providing measures to assure consistently high levels of performance. Detailed 
contractual arrangements identify all cost parameters and allowable cost leveis in
relation to established minimum acceptable performance levels. The contractor is 
then offered financial incentives as a reward for attainment of high levels of
efficiency provided that operating results remain at or above minimum specified
standards. Similarly, performance based incentives can be established for 
consistently exceeding the minimum specified performance standards (e.g. effluent
quality). The operating cost estimates included in the forecasts shown in Section
M.3 are intended to be financially conservaive (i.e., tending to err on the high side)
and should contain some element of potential savings. 

In light of the many potential benefits issociated with contract operation, it is
recommended that all necessary steps be taken to implement this approach.
Provision has been made within the scope of the recommended Design/
Construction Consultancy Scope of Work however, for obtaining the necessary
legal and technical services needed to assist in preparing bid documents, making bid 
evaluations, conducting negotiations and preparing final contract documents. The
main decision to be made now is to confirm that contract operations should be
pursued. Additional information on this subject including examples of the contents 
of service contracts are provided in Section M.4. 

o Contract Operations for Revenue Generating Functions 

Assuming that the recommended wastewater tariffs are implemented, the revenue
generating functions presently performed in the Water Department will take on
added importance. Based on the findings of the Consultant, a number of steps
should be undertaken to improve the present procedures followed in the revenue 
generating functions: 

- The systems should be computerized; present manual practices contribute to 
delays in issuing bills and make analyses of consumption, revenues,
receivables and tariffs very difficult and time consuming. 

- Meter reading performance seems low, averaging approximately only 37 per
day per meter reader. 

- The billing process does not keep pace with the flow of monthly meter 
readings; as a consequence bills for some accounts are issued only bi
monthly, quarterly or less frequently. 

- Supervision and oversight functions for meter readers are not performed nor 
is there periodic rotation of meter readers. 
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Receivables balances are not "aged" with the result that there is no realistic 
assessment of the portion of overdue account balances (currently estimated 
at OR 3.8 million) that is collectable. 

The Water Department must rely on the MOF to provide information on
cash collections (quarterly) and the receivables balance (semi-annually). 

It would seem highly beneficial for both the water supply and wastewater 
operations to undertake a major systems improvement programme for these
important functions. This should be undertaken as soon as possible since the
benefits with respect to water revenue generation would be realized immediately.
Resources have been included within the scope of work for the recommended
Design/Construction Consultancy to provide consulting services to assist in this 
process. 

In as much as the revenue generating functions are ideally suited to the application
of performance/incentive based contract services, contract operation of this function 
should be vigorously pursued. After completion of the upgrading of the revenue 
systems as outlined above, it wouit be possible to make an objective assessment of
the potential benefits of contract operations. It may also be useful to consider
organizational changes for the revenue generating functions; further discussion of
this possibility will be included in Lhe Master Plan Report. 

M.2.7 Finalise the Proposed Financing Package 

The remaining issues to be addressed as related to the Financial Action Plan concern 
measurement of the project's economic performance and affordability of the proposed
tariffs and charges. An Economic Internal Rate of Return (EIRR) analysis has been
prepared as shown in Attachment 1. This analysis provides an estimate of the economic
value of the project for comparison with the return that could be earned on alternative 
projects or with the opportunity cost of capital. 

The EIRR calculations for the wastewater programme cover an investment period of 20 
years. Capital costs (less customer contributions) and operating costs are compared with
benefit values derived from tariff revenues and the economic value of aquifer recharge.
Costs and benefits are held constant after the first twenty years; the total period of
discounting is 30 years. The discounting rate at which the sum of benefits and costs 
becomes zero is the IRR. 

The calculated IRR for the base case is 9.7 percent. Although somewhat less than the
opportunity cost of capital, which is taken to be 11 percent in Oman, this level of EIRR can
be considered as quite acceptable for a socially oriented project wherein the service charges,
in the interest of maintaining affordability, are deliberately set at the lowest level consistent
with basic financial feasibility. Furthermore, wastewater projects, by thcir nature, require
relatively massive front end capital investments before the first element of benefits can be
derived. For example, by 1995, much of the investment in treatment plant capacity,
pumping stations, force mains and trunk sewers has been incurred, even though these
facilities have the capacity to handle the wastewater flow expected in the year 2005. 

Sensitivity analyses have been made to show the effect of adverse circumstances on the
resultant EIRR. A 20 percent increase in capital costs over estimated amounts would
reduce the EIRR to 7.5 percent and a 20 percent shortfall in revenue would reduce the 
EIRR to 8.2 percent. A 20 percent real increase in tariffs in 1998 would increase the EIRR 
to 11 percent. The base case EIRR and the range of sensitivities should b- considered well
within acceptable limits. 

Affordability analyses of the proposed wastewater tariffs and connection charges have been
made and are presented in Attachment 3. These are based on a recommended restructuring 
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of the present water tariff system designed to improve affordability of the combined water 
and wastewater tariffs and provide financial incentives for water conservation among 
consumers. While the ultimate objective is considered achievable and worthy of pursuing,
it is emphasised that thorough reseach and analysis is required to support it followed by a 
well planned community information programme to set the stage for implementation. 

Due to the limited amount of customer account information available and the relatively low 
level of confidence that can be attributed to its reliability, the present analysis must be 
considered as indicative only. After completion of the revenue system improvement 
programme outlined above, the tariff analyses can be undertaken with a much greater
degree of confidence. However, several conclusions can be drawn at this point: 

o 	 The current flat rate tariff is regressive. 

The water consumed just to meet minimum basic human needs is charged at the 
same level as water consumed for non-essential domestic use or for commercial,
institutional and industrial purposes. Lower income households must therefore 
devote a larger proportion of their income for water services than households in the 
higher income groups. 

o 	 Non-domestic large users consume almost half of the water. 

A major portion (44 percent) of water consumption in Salalah is attributable to 
"large users" which are essentially all nondomestic in nature. This proportion is 
projected to remain about the same through the year 2000. Even a marginal
increment of water charge to this category of customer over the level of tariff 
charged for domestic consumption could provide significant relief for households in 
the lower income groups. 

o 	 There are many non-consuming customers who do not pay their share of the 
system costs. 

Analyses of a sampling of water bills indicate that about 27 percent showed no 
consumption. Another 28 percent of domestic customers used 40 cubic meters or 
more per month, accounting for about 62 percent of all domestic consumption. If 
further steps are taken to add successive increments to tariffs for consumption
levels beyond ordinary household requirements, and if even a modest minimum 
charge is instituted for those premises having no consumption during a billing
period, the basic costs of water service to typical households can be made much 
more affordable. 

o 	 A stepped tariff is feasible, would assist lower income consumers and would 
contribute to water conservation. 

"Stepped" tariff schedules can be constructed which will maintain the same level of 
revenue currently derived from the flat rate system. The tariffs can be established 
so as to provide a graduated scale of fees for each successive block of 
consumption. Alternatively, the schedule can be constructed so that a successively
higher fee is charged for all consumption, based on the customer's total monthly 
consumption. Separate schedules can be constructed for domestic customers and 
all other users, or a single graduated schedule can be employed to produce the same"cross-subsidisation" result. 

The affordability of the combined water and wastewater charges would be greatly enhanced 
through the establishment of a pricing system as outlined above. The calculations shown in 
Attachment 3 indicate that total water and wastewater service charges can be held iii the 
range of 2 to 2.5 percent of the incomes of the lower income groups and within about 3 to 
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3.5 percent of the incomes of the same households when the monthly charges for 
amortising connection charges is taken into account. 

The shift in the tariff burden from the lower consumption domestic customer groups to 
higher consumption and non-domestic groups is based on the assumption that there is an 
inherent ability of these higher consumption groups to pay the higher charges. Further 
analysis with improved data is required to determine how best to accomplish this degree of 
cross-subsidisation. In any case, it can be assumed that the graduated scale of tariffs will
have a beneficial result in the discouragement of water waste and the implementation of 
conservation practices, among the larger consumers. 

M.3 Financial Projections 

The forecasting methodology involves the projection of income statements, cash flow 
statements and balance sheets according to commercial accounting practices. Although
such practices are not typically used in Oman and the water and wastewater functions are 
not operated as public utility enterprises, the methodology is nonetheless suitable and 
appropriate for demonstrating how the proposed investments could be undertaken and the
expected results under stated assumptions. The principal information to be gained from 
such forecasts includes: 

o 	 Probable levels of development funding required to be supplied from the 
development resources of the Sultanate, based on assumed loan funding amounts, 
customer contributions and cash generation from surplus income. 

o 	 Feasibility of proposed tariffs and other revenues with respect to cove-age of 
operating expenses, capital iecovery, and generation of surplus funds. 

o 	 Measurement of the projected financial performance under the above assumptions
according to standard ratios and indicators. 

In general, the forecasting methodology provides a systematic approach to organising all 
relevant estimates and assumptions in a manner that assures all factors are considered (e.g.
working capital requirements and interest charges during construction) and provides the 
best possible basis for predicting the most likely financial results of implementing a 
proposed project. 

The financial projections covering the Priority Works Programme are shown in the 
following tables which portray income statements, cash flow statements and balance sheets 
for a hypothetical Salalah Wastewater Management Department. These are accompanied by
explanatory notes. Only the most informative and relevant tables created under FINPRO 
are presented. 
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287 TABLE M.L3Incomec Stument SALALA WASTEWATER MANAGEMEN-r DEPART[ENT 
288 
289 
290 
291 

INCOME STATEMENT ThousarA Rials 
Fy ends 12/31 

292 
293 

1991 1992 193 1994 1995 1996 1997 1998 1999 2000 

294 Population 
295 Population Served, Sewerage Sys. 
296 

80157 
0.0% 

83443 
0.0% 

86865 
0.0% 

90426 
0.0% 

94134 
22.0% 

97993 
67.0% 

102011 
83.0% 

106193 
86.0% 

110547 
39.0% 

115080 
91.0% 

297 Sewcr Connections 
298 M3Mo./CcamWaterSsal 
299 Asessable Wvr Sals - 000 M3 

0 
0.00 

0 

0 
0.00 

0 

0 
11.00 

0 

0 
0.00 

0 

3375 
45.83 
1856 

10639 
46.50 
5937 

13691 
47.43 
7793 

14717 
48.25 
8520 

15796 
49.01 
9290 

16779 
49.92 
10051 

300 
301 Wastew as,%of Water Sold 
302 Wastcwatcr Flow - Thousand M3 
303 Aveage Taziff per M3 

0.00% 
0 

0.00 

0.00% 
0 

0.00 

0.00% 
0 

0.00 

0.00% 
0 

0.00 

64.20% 
1192 
0.35 

62.16% 
3690 
0.37 

60.38% 
4705 
0.40 

59.51% 
5070 
0.42 

58.63% 
5447 
0.44 

56.91% 
5720 
0.47 

304 
305 Wate Tariff Sur.hasge Rrsmes 
306 Sabiliz:PoodFodder Sales Rev. 
30 

7 
OtherRevenues 1 

309 OSthRevRues 2 
309 

0 
186 

0 
0 

0 
207 

0 
0 

0 
229 

0 
0 

0 
253 

0 
0 

655 
243 

0 
0 

2216 
271 

0 
0 

3084 
295 

0 
0 

3570 
310 

0 
0 

4122 
303 

0 
0 

4726 
290 

0 
0 

310 TOTAL OPERATING R.EVEUES 186 207 229 253 898 2487 3378 3881 4425 5016 
311 
312 Personel 
313 Power 
314 Chemicals 
315 Maintenance 
316 Fuel 
317 Other Cost Tank Mamint.) 
318 Admiistration & Overhead (10%) 
319 Taxes 
320 

137 
5 
2 
5 

15 
10 
16 
0 

154 
11 
4 

II 
17 
12 
19 
0 

169 
14 
6 

12 
20 
14 
21 
0 

185 
17 
7 

14 
24 
16 
24 
0 

399 
70 
42 
25 
26 
17 
28 
0 

475 
229 
140 
50 
27 
18 
58 
0 

543 
328 
197 
66 
40 
26 

112 
0 

616 
380 
228 
76 
46 
33 

142 
0 

700 
A46 
268 

89 
54 
36 
189 

0 

796 
500 
300 
99 
61 
40 

203 
0 

321 TOTAL OPERATING EXPENSES 189 227 256 287 608 997 1311 1522 1781 2000 
322 
323 INCOME BEFORE DEPRECIATION 
324 Depreciation 
325 Non-cash Exup rditur 
326 OPERATING ICOME 

.3 
48 
42 

-93 

-20 
74 
42 

-136 

-27 
78 
42 

-47 

-34 
21 
42 

-158 

290 
430 

42 
-182 

1491 
975 
42 

473 

2068 
1168 

42 
858 

2359 
1268 

42 
1048 

2644 
1390 

42 
1212 

3017 
1534 

42 
1441 

327 
328 Operational Interest 
329 Other Income (net) 
330 NEr INCOME 
331 

0 
0 

-93 

0 
0 

-136 

0 
0 

-147 

0 
0 

-158 

66 
0 

-248 

973 
0 

-500 

1441 
0 

-583 

1370 
0 

-322 

1296 
0 

-84 

1218 
0 

222 

332 RATIOS AND COMPARATORS: 
333 
334 Ave.Expass perM3 Treated 
335 Working Ratio 
336 Operating Ratio 
337 NetIncome on R-ecmxs 
338 Real Incrtea in Tariffs3 3 9 

Increae in Operaing Revsuu3 4 
0 Incr. in Asvs able Waer Cor 

341 Avr-geAet'sRaxelaue 

0.00 
101.6% 
150.0% 
-50.0% 

575 

0.00 
109.5% 
165.6% 
-65.6% 

0.0% 
11.1% 
0.0% 

931 

0.00 
111.8% 
164.1% 
-64.1% 

0.0% 
10.6% 
0.0% 

902 

0.00 
113.6% 
162.49, 
-62.4% 

0.0% 
10.3% 
0.0% 

865 

0.49 
67.7% 

120.3% 
-27.6% 

0.0% 
255.2% 
100.0% 

16651 

0.25 
40.1% 
81.0% 

-20.1% 
0.0% 

177.0% 
219.8% 
37739 

0.25 
31.8% 
74.6% 

-17.3% 
0.0% 

35.8% 
31.3% 
44305 

0.27 
39.2% 
73.0% 
-8.3% 
0.0% 

14.9% 
9.3% 

46986 

0.29 
40.2% 
72.6% 
-1.9% 
0.0% 

14.0% 
9.0% 

50337 

0.31 
39.9% 
71.3% 

4.4% 
0.0% 

13.4% 
8.2% 

54392 
342 
343 
344 11 Due to roundins the last distit in totals may ap r iffexcat that the sun of coluns. 



Notes accompanying Table M.3 

Line 
No. Comments 

----.-.----------------------------------------------------

294 	 Salalah projected population data taken from the Master Plan Alternatives Report. 

295 	 Based on assumed rates of connections from the Priority Works Report and
 
estimates of average family sizes. See Table M.6 for further details.
 

297 	 As developed in Table M.6. These figures represent the estimated average number
 
of connections over the year that would be billable for wastewater tariff charges.
 

298 	 The average of estimated domestic and non-domestic consumptions, based on 
Master Plan Alternatives Report data. Also see Table M.6. 

299 	 (Same references as for line 298) 

301 	 Proportioned according to estimated flows from the Priority Works Report. 

302 	 The product of lines 299 and 301. 

303 	 The average of domestic and nondomestic tariffs. 

305 	 And 306, are summary data generated in Table M.6. 

312 	 A staff total of 60 persons is assumed initially which remains constant until 1995 
when the total rises to 120 and increases annually thereafter to 150 in year 2000 
(see Appendix K). Salaries are estimated to average RO 2,280 per year in 1991. 
Real increases of 3.5 percent per year have been incorporated, plus inflation at the 
project domestic inflation rates. 

313 	 The estimated 1991 level of electricity charge to the Municipality is 20 Baisa per
KWH. Power requirements (and Chemicals - line 314) are projected to increase in 
line with wastewater flow at Wadi Qaftawt and then with the flow at the Wastewater 
Reclamation Plant after its opening in 1995. 

315 	 Maintenance, and the other components of the operating costs (316-318) are shown
increasing approximately in line with the increase in the growth of the system as 
represented by customer connections. 

324 	 A composite depreciation rate of about 7 percent is used prior to 1995 based on 
estimates of the depreciable value of assets in operation, which would be heavily
influenced by shorter lives of the tanker fleet and other mobile equipment.
Beginning in 1995, an overall composite rate of 2.5 percent is used to reflect the 
preponderance of long life assets in the system. 

325 	 This represents the amortisation of the cost of the Masterplan Consultancy (the
portion allocatable to the wastewater functions) over a ten year period. 

328 	 Interest on short term loan in 1995 and on long term debt after start-up of 
operations and beginning in 1996. See lines 365-369 in the Sources and 
Applications of Funds Statement for assumed loan terms. 

332 	 The most pertinent of the listed ratios and comparators are (i)average expenses per
cubic meters treated, line 334 in comparison with the average tariff per cubic meter 
on line 303 and (ii) rate of return on revalued assets, line 342. There is a positive 
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trend in the direction of greater margins of tariff over operating cost on a unit basis. 
This reflects ihe fact that costs, particularly for personnel, do not need to increase as 
rapidly as the increase in flow. This should continue at least marginally, until the 
major plant expansion is made in 2005. 
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SOURCES AND APPLICATIONS OF FUNDS 

347 TABLE M.4 Sorcs and ApplicationacFunds 
348 
349 
350 
351 
352 
353 
354 SOURCES OF FUNDS: 
355 
356 1ncwmebefore depreiadon 
357 Othcrincone 
358 Uses Coaibtions 
359 
360 GROSS INTRNAL CASH GENEPATION 
361 Opcaiml Gntts 
362 Const.or Eauity Cantbutiocs 
363 BORROWING 
364
365 USAID Lan 
366 OhForeign La 
367 Other F ig Lo 
368 Extng Loan 
369 Loca Loans 
370 
371 TOTALBORROWING 
372 
373 TOTAL SOURCES OF FUNDS 
374 
375 APPLICATIONS OF FUNDS: 
376 
377 PriorityWorks Po3 7 8 

ItetCafpitaized 
379 Phase2 of'Stage 1.MaAzF. m 
380 Phase 3 of SaIe 1.mLPn.Wks. 
381 Subilization Ponds &Txmkexx 
392 Investto becom dz=..xpnwc 
383 
384 TOTAL CAPITAL EXPENDI'rURES 
385 Amortizaion 
386 Operttioal Interest 
387 
388 TOTAL DEBT SERVICE 
389 
390 WORKNG CAPITAL NEEDS 
391 OTMER ASSErSL.J.ABI CHANGES 
392 
393 TOTAL APPLICATIONS OF FUNDS 
394
395 CASH INCREASE (+) OR DECREASE 
396
397 Debt Service Raio 
393 %Contribution t Invesment 
399 % Capi exed. of Net Atte 

1991 

-3 
0 
0 

-3 
150 

1000 

0 
0 
0 
0 
0 

0 

1147 

320 
0 

58 
0 

755 
423 

1556 
0 
0 

0 

0 
0 

1556 

-409 

AN/A 
-02% 

165.0% 

1992 

-20 
0 
0 

-20 
150 
900 

768 
0 
0 
0 
0 

768 

1798 

1348 
15 

245 
0 
0 
0 

1608 
0 
0 

0 

106 
0 

-
1714 

83 

N/A 
-7.8% 

175.1% 

1993 

-27 
0 
0 

-27 
100 

2900 

1000 
0 

3500 
0 
0 

4500 

7473 

6585 
241 

1213 
0 
0 
0 

8039 
0 
0 

0 

-651 
0 

-
7388 

85 

#N/A 
7.8% 

908.6% 

1994 

-34 
0 

128 

94 
50 

11600 

2200 
0 

7500 
0 

1200 

10900 

22644 

20815 
809 

3869 
0 
0 
0 

25493 
0 
0 

0 

-2894 
-67 

22531 

112 

#N/A 
120% 

3014.9% 

1995 

290 
0 

445 

735 
0 

6800 

1800 
0 

2200 
0 
0 

4000 

11535 

5201 
1357 
986 

0 
0 
0 

7544 
1200 

66 

1266 

2805 
-145 

11470 

65 

0.6 
-413% 
23.2% 

1996 

1491 
0 

524 

2015 
0 

1500 

0 
0 
0 
0 
0 

0 

3515 

0 
523 

0 
93 
0 
0 

616 
531 
973 

1504 

1421 
-61 

3480 

35 

1.3 
-137.8% 

IA% 

Thousand Rias 

1997 

2068 
0 

543 

2611 
0 

400 

0 
0 
0 
0 
0 

0 

3011 

0 
0 
0 

389 
0 
0 

389 
855 

1441 

2296 

346 
-21 

3011 

0 

1.1 
.28% 
0.9% 

1998 

2359 
0 

567 

2926 
0 

1200 

0 
0 
0 
0 
0 

0 

4126 

0 
0 
0 

1897 
0 
0 

1897 
901 

1370 

2271 

-13 
-22 

-
4134 

-8 

1.3 
36.3% 

3.9% 

Fy Ends 12/31 

1999 2000 

2644 3017 
0 0 

492 295 

3136 3312 
0 0 

4600 1500 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

7736 4812 

0 0 
0 0 
0 0 

5973 1671 
0 0 
0 r 

5973 1671 
950 1003 

1296 1218 

2246 2221 

-471 920 
-20 -17 

_ 
7729 4795 

7 17 

1.4 1.5 
23.1% 11.2% 
11.4% 3.0% 
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Notes accompanying Table M.4 

Line
 
No. Comments 

----.--------------...........-------------------------

356 	 From line 323 of income statement. 

358 Estimated equivalent to 50 percent of connection costs, received in installments over 
a five year period; each payment begins in the year following installation. 

361 	 Estimated operational budgetary support required in excess of revenues, phasing 
out by 1995. 

362 	 Annual amounts required from development funds of the Sultanate to support
implementation of the Priority Works Piogramme and Phases 2 and 3. 

365 	 Loan proceeds from USAID or other donor source. Interest has been assumed at 8 
percent although it is like!y to be at a much lower rate if funds are obtained from a
"donor" source. The "pass through" terms from the central level to the local level is
considered reasonable for the purposes of the analysis. A 20 year period has been 
assumed for aniortisation. 

367 	 Funds from this source are also estimated at 8 percent interest, but with an
amortisation period of only 15 years. The interest rate may be higher or lower,
depending upon the nature of the lender or investor and the type of funding
instrument (i.e. tax free bonds, international development bank loan, bi-lateral loan 
or private investment bank). 

369 	 Local short term loan funds have been estimated to be available at 1I percent
interest. The amount shown has been projected as being outstanding for a period of 
six months. 

377 	 Estimated cost of the Priority Works Programme, including Saada. 

378 	 The amount of interest payable on loan funds disbursed during construction. 

379 	 Phase 2 of the wastewater development programme which covers the development
of the reuse facilities. 

380 	 Phase 3 of the programme which basically covers expansion of the collection 
system into new areas. 

381 	 Costs incurred for the development of the stabiisation ponds and procurement of 
additional tankers. 

382 	 Cost of the masterplan allocatable to the wastewater programme, to be amortised 
over a period of ten years. 

NOTE: See Table M.7 for a summary of the Phase I and 2 Financing. 

388 	 Total of interest and amortisation on loans according to the terms outlined above.
TIe USAID/donor loan is assumed to be amortised on the basis of equal annual
principal payments. The other foreign loan is assumed amortised on an annuity
basis (equal annual payments incorporating both principal and interest). 

390 	 Represents cash requirements reflected by annia. changes in the levels of current
asstis (except cash) and current liabilities (except current maturities on long term 
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debt); the cash requirements associated with fluctuations in "other assets and 
liabilities" is shown on line 391. 

397 	 The debt service ratio of 1.5 for the year 2000 is considered acceptable as an
indicator of the financial capability of the entity to meet its debt service obligations. 

398 	 By 1998, the entity would be able to make substantial contributions to its ongoing
capital development programme from surplus funds generated from operations. 

M.15
 



BALANCE STATEMENT 

402 TABLE M Balance Sta±ent
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404
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406
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408
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411 
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422
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427
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432
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434
4 3
 

5 Csrmw Deposits 
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437
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439
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444 TOTAL EQUITY 

445 
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447

448 Cune Ratio 
449 W.rkme s exclud, cash 
450 % Debt a ebt pls Equiy4
 

51 # Days Accunts Reoevable 

452 %DcbutlNet Fixed Asts +WIP) 


1991 


1012 

69 


943 

0 

50 

2 


10 

0 


20 


82 


331 

60 


_ 
1466 


265 

t0 

0 


275 


0 
0 

275 


0 

0 


1190 


1190 


1466 


0.3 
-243 

0.0% 


4 

0% 

1992 


1065 

146 


919 

1608 


133 

36 

15 

0 


100 


284 


338 

60 


3209 


2T7 
I1 
0 

288 


0 

768 


1055 


48 

.136 


2242 


2154 


3209 


1.0 
-138 

26.3% 
63 


30% 


1993 


1116 

231 


885 

9648 


218 

56 

17 

0 


500 


792 


296 

60 


11680 


1351 

11 

0 


1362 


0 
5268 


6629 


86 

-283 

5248 


5051 

-

11680 


0.6 
-789 

51.1% 
89 


50% 


1994 


1169 

323 


-
846 


35141 


330 

70 

20 

0 


500 


921 


254 

60 


37221 


4262 

12 


1200 


5474 


67 

14968 


20508 


-18 
-440 

17035 


16713 

-. 

37221 


0.2 
-3683 

49.2% 
101 


45% 

1995 


33224 

768 


'2456 
10686 


396 

185 

37 

0 

200 


117 


211 

60 


44230 


1287 

12 


531 


1831 


213 

18436 


20480 


154 

-689 

24285 


23750 


44230 


0.4 
-878 

44.4% 
75 


44% 

1996 


44802 

1780 


43022 

1302 


430 

507 


78 

0 


150 


1165 


169 

60 


45718 


180 

13 


855 


1048 


274 

17581 


18903 


1671 

-1:19 
26334 


26816 


45713 


1.1 
542 


40.7% 

74 


42% 


Thusatd RiaLi 

1997 


45621 

3033 


45589 

0 

430 

816 

109 


0 

150 


1506 


127 

60 


47282 


174 

13 


901 


1088 


294 

16680 


18062 


3643 

-1772 

27348 


29219 

_ 

47282 


1.4 
883 


37.6% 

88 


39% 

1998 


52828 

4445 


48383 

0 

422 

1055 


128 

0 


150 


1755 


15 

60 


50283 


443 

14 


950 


1407 


316 

15730 


17453 


5681 

-2094 

29242 


32829 


50283 


1.2 
875 


33.7% 

99 


34% 

ends 12/31 

1999 2000
 

58337 64358
 
6045 7866
 

52292 56492
 
2973 1394
 

429 446
 
1265 1469
 

149 167
 
0 0
 

150 150
 

1993 2231
 

42 0
 
60 60
 

57360 60177
 

1144 445
 
15 16
 

1003 174
 

2162 635
 

336 352
 
14727 14553
 

17225 15540
 

7793 10023
 
-2178 -1956
 
34521 36569
 

40135 44637
 

57360 60177
 

0.9 3.5 
405 1324
 

28.2% 24.8%
 
104 107
 

28% 23%
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Notes accompanying Table M,5 

Line 
No. Comments 
----.----------------..........------------------------

409 	 Beginning balance and initial years reflect primarily the stabilisation ponds, tankers 
and other vehicles and equipment. Assets in operation begin to reflect the new 
system in 1995. Assets are revalued each year following the year of their 
commissioning by a rate that reflects a composite of foreign and domestic inflation.

410 Accumulation of depreciation from line 324 of the Income Statement. 
415 Cash balances adjusted each year according to the increase or decrease in funds,

line 395 of the Sources and Applications of Funds Statement.
416 Estimated at 50 percent of the prior month's balance plus 1/6 of current billings.
417 Estimated at 4 months requirements for chemicals, maintenance, fuel and "other". 
419 Amounts estimated to reflect advances to contractors at the time of mobilisation.
423 The unamortised balance of the value of the masterplan attributable to the 

wastewater programme.
429 	 Estimated at approximately 60 days of operating expenses (less personnel) and 

capital expenditures.
431 	 The amount of amortisation due on long term debt within a period of one year.
435 Estimated at RO 20 per connection; collections of deposit funds precede placement

in service by substantial amounts inthe early years.
436 The balance of long term debt outstanding at the end of the year.
440 The amount by which asset values have been increased in the process of 

revaluation. 
441 Net income, cumulative, from line 330 of the Income Statement. 
450 The debt on dcbt plus equity ratio of 25 percent in the year 2000 indicates a

relatively low level of borrowed capital. Further borrowing would likely be 
feasible for capital requirements for the next major expansion of the reclamation 
facility, say in2003 or 2004.

NOT E: See Table M.8 for a summary of Monitoring Indicators. 
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192 TABLE M.6 Wastewat- Flow and Revenue Analys 
193 
194 
195-

1991 1992 1993 1994 19n95 1996 1997 1998 1999 2000 
-

196 Initial Potm 80157 
197 %Pouplatiogrowth 
199 Populan 
199 Wastewater as % of Waz.-z Sold 

30000X0 
80157 
0.0% 

4.10% 
83443 
0.0% 

4.10% 
86865 

0.0% 

4.10% 
90426 

0.0% 

4.10% 
94134 
64.2% 

4.10% 
97993 
62.2% 

4.10% 
102011 
604% 

4.10% 
106193 
59.5% 

4.10% 
110547 
58.6% 

4.10% 
115080 
56.9% 

200 
201 A FLOWFROM DOMESTIC CONNECTIONS 
202 %Populaion Served 
203 Nmbepascxaskonection 
204 Number of Connecti.s 
205 M3/Man-/Comectio Wa Sales 
206 Volume Wate Sacs-Tomand M 

DznasdTotal=j 
0.00% 0.00% 

7.60 7.60 
0 0 

25.32 25.84 
0 0 

0.00% 
7.60 

0 
26.36 

0 

I Ruvenue'7otalizem. 
0.00% 22.00% 67.00% 

7.60 7.60 7.60 
0 2725 8639 

26.88 27.40 27.92 
0 896 2894 

I 
83.00% 

7.60 
11141 
28.44 
3802 

86.00% 
7.60 

12017 
28.96 
4176 

89.00% 
7.60 

12946 
29.48 
4580 

91.00% 
7.60 

13779 
30.00 
4961 

207 
208 Initial tariff & %al incae 
209 Ta iff in Co.antpicis 
210 Tariff in C Prics 
211 Revoucs - Thouand Rial 

0.22 
0.22 
0.22 

0 

0.00% 
0.22 
0.23 

0 

0.00% 
0.22 
0.25 

0 

0.00% 
0.22 
0.26 

0 

0.00% 
0.22 
0.28 
251 

0.00% 
0.22 
0.30 
860 

0.00% 
0.22 
0.32 
1198 

0.00% 
0.22 
0.33 
1394 

0.00% 
0.22 
0.35 
1621 

0.00% 
0.22 
0.38 
1861 

212 
213 B FLOW FROM ALL OTHER CONNECTIONS 
214 %Populio Served 
215 Nue:rperson/onecion 
216 Number of Cmnecus 
217 M3/MonthCoan~on Wrr Sales 
218 VolimeWcr±Sales-uMThoadM 

DcmandToalizer 
0.00% 0.00% 0.00% 

0 0 0 
0 0 0 

119.00 120.00 121.00 
0 0 0 

1 Revenue Totaiz.1 
0.00% 0.00% 0.00% 

0 0 0 
0 650 2000 

12200 123.10 126.76 
0 960 3042 

0.00% 
0 

2550 
130.42 

3991 

0.00% 
0 

2700 
134.08 
4344 

0.00% 
0 

2850 
137.74 

4711 

0.00% 
0 

3000 
141.40 
5090 

219 
220 Initial tuiff & %Rea finva 
221 Tariff in Can.zit Prices 
222 Taxiff in CurrntPrics 
223 Revens - Thousand Rials 

0.33 
0.33 
0.33 

0 

0.00% 
0.33 
0.35 

0 

0.00% 
0.33 
0.37 

0 

0.00% 
0.33 
0.40 

0 

0.00% 
0.33 
0.42 
404 

0.00% 
0.33 
0.45 
1356 

0.00% 
0.33 
0.47 
1886 

0.00% 
0.33 
0.50 

2176 

0.00% 
0.33 
053 

2501 

0.00% 
0.33 
d.56 
2865 

224 
225 C SEPTAGE FLOW AT WADI QAFTAWT 
226 %Populatian Sared 
227 Numb"perwou€ornection 
228 Number of Hueholds Sed 
229 Wase ..oad. M3/Manr l8 
230 Volume Received-Thousod M3 

Demand Totalzr 
60.00% 60.00% 60.00% 

10.00 10.00 10.00 
4809 5007 5212 

8 8 
450 469 488 

0 Rccm, Toaann 
60.00% 50.00% 40.00% 

10.00 10.00 10.00 
5426 4707 3920 

8 8 8 
508 441 367 

0 
35.00% 

10.00 
3570 

8 
334 

30.00% 
10.00 
3186 

8 
298 

25.00% 
10.00 
2764 

8 
259 

20.00% 
10.0 
2302 

8 
215 

231 
232 Current tariff& %r al increase 
233 Tarff in Cc=ptries 
234 Tarff in Cure ria 
235 Reveus - Thousand Rials 

0.41 
0.41 
0.41 
186 

0.00% 
0.41 
0.44 
207 

0.00% 
0.41 
0.47 
229 

0.00% 
OAI 
0.50 
253 

0.00% 
0.41 
0.53 
232 

0.00% 
0.41 
0.56 
205 

0.00% 
0.41 
0.59 

198 

0.00% 
0.41 
0.63 

187 

0.00% 
0.41 
0.67 
172 

0.00% 
0.41 
0.71 
1W2 

236 
237 D SALE OF FODDER FROM RECHARGE AREA Demand Totalizer 
238 HectaraCultivated 0 0 
239 Yield. tomes PerHajYr. 45.0 45.0 
240 Sales. TaonYr. 0 0 
241 Price. RO/lranne 80.00 80.002 4 2 

Anmual Sals. Thand Rials 0 0 

0 
45.0 

0 
80.00 

0 

0 Revenue Totalizer 
0 6 36 

45.0 45.0 45.0 
0 270 1620 

80.00 80.00 80.00 
0 22 130 

0 
50 

45.0 
2250 
80.00 

180 

60 
45.0 
2700 

80.00 
216 

60 
45.0 
2700 

80.00 
216 

60 
45.0 
2700 
80.00 

216 
243 
244 Prod. & Maketing Cat.ROIrance 
245 Prod. & Mrmg Costs, R 000/Yr. 
246 RevL. Cost. Pries. ROO000Yr. 
247 Revs. Currert Prices ROOOQIYr. 

50.00 
0.00 
0.00 
0.00 

50.00 
0.00 
0.00 
0.00 

50.00 
0.00 
0.00 
0.00 

50.00 
0.00 
0.00 
0.00 

50.00 
13.50 
8.10 

10.32 

50.00 
81.00 
48.60 
65.65 

50.00 
112.50 
67.50 
96.65 

50.00 
133.00 
81.00 

12295 

50.00 
135.00 
81.00 

130.32 

50.00 
135.00 
81.00 

138.14 



455 TABLE M7 PhaseI and 2 Financing
456457 PHASE IAND 2 FINANCING Thousand Rials 

458 
459 
460 TOTAL %OFTOT. 1992 1993 1994 1995 
461 
462 Inc e B Dcrcciion 
463 Opeaial Grants 

209 
300 

0.5% 
0.7% 

-20 
150 

-27 
100 

-34 
50 

290 
0 

464 OtherIncomc 0 0.0% 0 0 0 0 
465 
466 GROSS INTERNAL CASH GENERAT1ON 509 1.2% 130 73 16 290 
467 
468 MINUS: 
469 Amrdaxio
4 7 0 

prsil Intrs 
1200 

66 
2.% 
0.2% 

0 
0 

0 
0 

0 
0 

1200 
66 

471 
472 TOTALDEBT SERVICE 1266 3.0% 0 0 0 1266 
473 
474 WORKING CAPITAL NEEDS (+)
475 OTHER ASSETS (+) OR L.AB.NMS 

-635 
-213 

-1.5% 
-0.5% 

106 
0 

-651 
0 

-2894 
-67 

2805 
-145 

476 
477 CASH INCREASE (+) OR DECR.EASE 346 0.9% 33 85 112 65 
478 = -
479 NMT INTERNAL CASH GENERATION -255 -0.6% -59 639 2865 .3701 
480 
431 
482 CAPITAL EXPENDITURES 
483
484 Piorty Wo Phgr 
485 1neut Capzta]ji. 
486 Phsc2,Stg.1. Mwcpmlan Wo 
487 Phu 3.Stg.1. M=aplan Winks 
488 OtherWczs 

33949 
2424 
6313 

0 
0 

79.5% 
5.7% 

14.3% 
0.0% 
0.0% 

1348 
15 

245 
0 
0 

6585 
241 

1213 
0 
0 

20815 
809 

3869 
0 
0 

5201 
1357 
986 

0 
0 

439 
490 TOTAL CAPITAL 
491 

CPEXMrITURES 42636 100.0% 1603 3039 25493 7544 

492 NET TO BE FANCED: 42941 100.6% 1668 7400 22628 11245 
493 
494 FINANCED BY: 
495 
496 USAID LA=4 
9

7 
OtherFoegn Lons 

5768 
0 

13.5% 
0.0% 

768 
0 

1000 
0 

2200 
0 

1300 
0 

493 OtherFoignLons 
499 Loca Loam 
500 

13200 
1200 

30.9 
2.3% 

0 
0 

3500 
0 

7500 
1200 

2200 
0 

501TOTAL BORROWING 20163 47.2% 768 4500 10900 4000 
502 
503 UscesCau tri. 
504 Cm .or Equizy Canuturim 
505 

573 
2o 
- = 

1.3% 
5ZO 
00_5__ 

0 
900 
1668 

0 
2900 
7400 

123 
11600 
22628 

445 
6800 
11245 

506 TOTAL FINANCED 42941 100.6% 1663 7400 22628 11245 



509 TABLE M, Monioing indicats 
510 
511 MONITORING INDICATORS 
512 
513 
514 1991 1992 1993 1994 1995 1996 !997 1998 1999 2000515 . , 
516 DEMAND 
517 
518 Populaion 101,7 13443 86965 90426 94134 97993 102011 106193 110547 115080519 PopulionScrved. Seweragc Sys. 0% 0% 0% 0% 22% 67% 83% 86% 89% 91%520 Sewe Cconecirm No. 0 0 0 0 3375 10639 13691 14717 15796 16779521 M3/Mo/Ccm. Wacr Sae 0 0 0 0 46 47 47 48 49 50522 Asemabl Wer-Sales, 000M3 0 0 0 0 1856 5937 7793 8520 9290 10051523 Vastcwazuas % of WaimSold 0.0% 0.0% 0.0% 0.0% 64.2% 62.2% 60.4% 59.5% 58.6% 56.9%524 NVatw Flow.Thaosansd M3 0 0 0 0 1192 3690 4705 5070 5447 5720 
525 
526 MANAGEMENT: 
527
528 #Days Accomns Rccivable 4 63 89 101 75 74 68 99 104 107529 Nubr of Employees 0 0 0 0 120 130 135 140 145 150530 Employees pe 1000 conections 0 0 0 0 35 12 10 10 9 9531% Incrc *anc ployees 0.0% 0.0% 0.0% 0.0% 8.4% 4.3% 3.4% 3.5% 3.7% 
532 
533 PPOJECT DEVELOPMENT 
534
535 QCmul.Ccst.Prtarity Wks. 000 RO 320 1668 8253 29068 34269 34269 34269 34269 34269 34269536 Cmc- Project Cct (US$ lIN) 1 4.3 21.5 75.6 89.1 89.1 89.1 89.1 89.1 89.1537 Cumulive Borrowing (USMillion) 2 14 39 49 49 49 49 49 49
538 Dwusancz Profile 0.0% 4.0% 27.8% 78.9% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
539 
540 FINANCIAL 
541 
542 Taiff inotmsztpr000 0.000 0.000 0.000 0.353 0.373 0.396 0.419 0.444 0.470543 Average tzdffinc eaase 0.0% 0.0% 0.0% 100.0% 5.8% 6.0% 5.9% 5.9% 6.0%544 Wozking Ratio 101.6% 109.5% 111.8% 113.6% 67.7% 40.1% 38.8% 39.2% 40.2% 39.9%545 Contibuticto invesuncr-0.2% -7.8% 7.8% 12.0% -42.3% -137.8% -2-8% 36.3% 23.1% 11.2%
546 Rae of Return 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%547 Debt Senriccruo54 =N/A #N/A NN/A MN/A 0.6 1.3 1.1 1.3 1.4 1.58 Debtn Debt plus Equity 0% 26% 51% 49% 44% 41% 38% 34% 28% 25% 
549 
550 1991 CONSTANT PRCE ANALYSIS: 
551 
552 Taziff, RO/Cubic Metcr 0.00 0.00 0.00 0.00 0.277 0.276 0.276 0.276 0.276 0.276553 %Real Tariff Increase 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%554 Salary/employee/year 2210 2360 2442 2528 2616 2708 2803 2901 3002 3107555 Operaital ExpcndJM3 Treated 0.00 0.00 0.00 0.00 0.382 0.188 0.178 0.179 0.182 0.184 
556 
557 CRITICAL FINANCIAL INDICATORS 
558 
559 VARIABLE OR INDICATOR MINIMUlrV MAXIMU AVERAGE VARIABLE OR INDICATOR MINIUN MAXIMR AVERAGE
560 
561 Cash- Thamnd Rials 50 446 329 Debt Service Ratio 0.6 1.5 1.2562 Tariff Increaiecoant.pices 0.0% 0.0% 0.0% Contributic to invet-nemc -137.8% 36.3% -10.1%563 Wocking ranio 38.9% 113.6% 70.2% Pays Accounts Receivable 4 107 80564 Rae of Return 0.0% 0.0% #DIV/0! Debt/(debt + equity) 0.0% 51.1% 33.6% 
565 



M.4 Examination of Privatisation Options 

M.4.1 Introduction 

Privatisation of government services is a concept which has, over the past decade, become 
a popular alternative for consideration by government entities. The facilities of the Priority 
Works Programme, especially the wastewater treatment plant, offer the Dhofar 
Municipality an excellent opportunity to examine the concept. 

Privatisation can take many forms, ranging from complete privatisation where the private 
company owns the facility to the case in which certain operations are provided by the 
private firm. In all cases of privatisation remuneration to the private firm ordinarily is 
generated from the tariffs charged for the service. 

M.4.2 Privatisation Formats 

M.4.2.1 Private Retail Utility 

Under the private retail utility option the wastewater system service area would be 
established as a franchise to be awarded to a private company. The company would be
responsible for all activities needed to provide wastewater disposal facilities and services to 
all properties within the franchise area, including the design, construction, financing,
ownership, operation and maintenance, management and administration of facilities. The 
company would have a monopoly in providing wastewater services in the service area. 
One option for such a situation is to arrange for the company to provide individual retail
service, including the setting of tariffs and their billing and collection, for wastewater 
services rendered, to domestic and other users inside the franchise area. 

Depending upon the contract terms, the Municipality could divest much of its control over 
the provision of wastewater services in the franchise area. 

In effect, under this option the Municipality arranges for wastewater services to be totally
provided by a non-government entity. The company having the franchise would collect 
and treat wastewater as a private business, bearing all financial risks but having almost total 
control over wastewater service in the franchise area. 

M.4.2.2 Private Retail Utility with Municipality Involvement 

A variation of the retail utility option described above would be for the Municipality (or the 
entity selected as the group responsible for wastewater service provision) to exert an 
oversight function. This situation would be similar to the franchise option described in 
Section 2.1. 

The company would perform all retail services, except that the tariff would be set by the 
Municipality. Further the Municipality would monitor the services provided to ensure the 
level of service is acceptable. 

The tariffs would be set to cover all costs of the company plus a profit which included an 
adequate (contracted for) rate of return. Any short falls in revenue would be covered by the 
Municipality. 

M.4.2.3 Wholesale Service Contract 

The Municipality would enter into a contract with a private company under which the 
company would be responsible for providing to the Municipality certain wholesale 
wastewater services and the Municipality would be responsible for providing individual 
retail services to all customers in the service area. The wholesale service provided by the 
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private company could be for a given component of the overall system (e.g., wastewater 
treatment plant), or it could be for the entire system. 

Under the wholesale service contract, the private company would be responsible for the 
design, construction, financing, ownership, operation and maintenance, and management
of the specific facilities needed to provide the contracted service. In the case of privatised
wastewater treatment service, for example, the company would be responsible for treatment 
of wastewater delivered to the plant site by the Municipality's collection system. The 
Municipality would pay a monthly service fee for treatment and the private company would 
be responsible for building and operating the facilities needed to provide such treatment. 

Such an arrangement could also have the company construct and own the collection and 
conveyance system delivering wastewater to a Municipality owned and operated plant.
However, based upon experience, the probability of a private company providing just the 
collection system is very low. 

The wholesale service contract allows the Municipality the advantage of obtaining treatment 
services without any capital investment. The Municipality also sets the tariff. However,
the private company owns the treatment plant (i.e., controls the asset). In effect, the 
company has a monopoly on treatment and thus, may control the critical link in the 
environmental cycle. This control requires the Municipality to exert a high level of control 
over the quality of influent to mitigate higher costs to the company for wastewater of a 
quality not contracted for. Furthtr, some oversight must be exerted on the treatment plant
to ensure that the effluent quality is acceptable. 

M.4.2.4 Facility Development Contract 

The Municipality could contract with a private company to design and construct (and
possibly finance and own) a particular facility or wastewater system component.
Operations and maintenance would, in any case, be the Municipality's responsibility. If the 
Municipality provides the capital financing then this would represent a design-build
arrangement whereby the private company is obligated to provide and normally
performance test a completed facility and the Municipality would make monthly payments
based upon progress of the work. 

Alternatively, the private company could also provide short-term construction financing and 
the Municipality's payment would involve a lump sum amount upon completion of the 
construction. If the private company provides long-term capital financing, then ownership
usually remains with the private company and a long-term lease is made with the 
Municipality under which possession of the facility, along with operations and maintenance 
responsibility, is transferred to the city and annual lease payments are made by the 
Municipality to the private company. 

In any case, the tariffs are set by the Municipality which would also be responsible for 
tariff billing and collection. The advantage to the Municipality in this arrangement is in 
obtaining capital financing at a lower rate than it would ordinarily have access to. The 
trade-off is in comparing the value of the lower financing costs to the loss of asset 
ownership for a long period of time (15-20 yrs or so). 

A variation of the above option is for the Municipality to construct the total system and the 
company provide for total operation. (This method has enjoyed some popularity in 
France). The Municipality would pay the contractor a monthly or annual fee for services 
rendered - usually based upon performance indicators set in the agreement. 
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M.4.2.5 Operations Contract 

The Municipality could enter into a contract with a private company under which the 
company would be responsible for day-to-day operation of a wastewater facility and/or
other system components that were designed, constructed, financed and owned by the 
Municipality. The piivate company is responsible for obtaining and managing the labour,
materials, utilities, and supplies needed to operate and maintain the facility and the 
Municipality makes monthly payments to reimburse the operating costs incurred by the 
private company and to compensate it for overhead and profit. Such contracts typically
provide economic incentives for the private company to minimise operating costs. Similar 
arrangements can be made for the private company to provide services on other related 
wastewater functions, such as meter reading, billing and collection. 

There is great deal of precedent for this type of contracting in Oman as many services in the 
public sector are provided all or inpart under contracts with private firms. 

M.4.3 Significant Issues 

M.4.3.1 Cost Savings to the Authority 

The primary purpose of privatising services is to generate cost savings while having the 
service provided to the level desired. Savings can be effected by the company prcwiding
investment capital, or by the company providing the labour and resources needed to 
provide the services. 

Savings generated by provision of capital investments will occur if tha company has access 
to capital it is willing to invest. The source of the capital may be self generated or 
borrowed at a lower rate than that available to the government entity. 

Savings generated through the actual provision of services will occur if the contractor 
provides them more efficiently than the Authority. As a private business, it is assumed that 
the company will provide the service at as low a cost as possible to maximise profit, while 
still providing service at an acceptable level. 

In either case, payments to the company for capital or service provision will be lower than 
if provided by the Authority. The lower cost levels will be passed on to the service 
population by way of lower tariffs. 

M.4.3.2 Assets Ownership 

Privatisation does not necessarily imply that the company owns the assets. In fact in most 
cases involving wastewater sector privatisation, assets ownership has been retained by the 
government entity. Assets ownership by the private company (or non-government-entity)
will occur under a specific agreement with the company providing capital in exchange for 
assets ownership. This type of agreement ordinarily occurs in cases of "complete"
privatisation where the contractor is involved with the design, construction and O&M of the 
facilities. In this type of arrangement the government entity provides the contractor a 
franchise or concessionary rights, if the service being provided is brand new. (For existing
services, this would compare to the government entity selling the system outright to the 
company). 

Capital provided by private firms without ownership requirements are rare, except when 
the capital is provided by the company to perform for construction of the works. This type
of agreement is ordinarily repaid under an agreed to schedule ordinarily involving a lump 
sum payment plus additional regular payments which provide a rfturn on the company's
investment. 
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In either case of capital provision, the government entity has much lower, or in the total
equity case, no capital cost outlays and thus may provide the services much more rapidly
than if it had to accumulate the capital required. The basic issue involved is assets
ownership. This depends upon the policy adopted and thus is a question which must be 
resolved. 

M.4.3.3 Institutional Capacity of Municipality 

The Authority, even if not providing the service, ordinarily is still the responsible party for
its provision. This requires that the Authority carefully monitor the company's
performance. In effect, the Authority acts on behalf of the system's users to guarantee
them a level of service which is adequate, and is provided at a reasonable tariff. This
responsibility often requires the Authority to continually exert oversight on the company's
performance even if the contractor is working under a concessionary agreement. 

M.4.3.4 Type of Agreement/Risk 

The type of agreement between the Authority and company obviously depends upon the
involvement contracted for. All agreements or contracts ordinarily include the levels and 
quality of service (and possibly performance indicators to measure these), the basis of 
payment and the method of contract renewal. Bonus payments for exceeding certain 
service levels are often stipulated. 

The contracts should delineate, as specifically as possible the responsibilities of the 
Authority and company. At a minimum, the contracts should specify which party is
responsible for: working capital, system expansion and/or extensions, rehabilitation of 
existing works and major maintenance items (i.e., electro mechanical systems or large 
pump overhauls done once every 2 or 3 years). 

M.4.3.5 Risks and Risk Allocation 

A key concern of any governmental entity examining privatisation options relates to the
identification and evaluation of risks inherent in a given privatisation option, as compared
to conventional methods. Also to be considered is the question of what risks are assumed 
by which party in a privatisation arrangement. The major risk to the Authority inherent in 
privatisation is nonperformance by the private company, whether due to mismanagement,
mistakes, incompetence, financial incapacity, or other cause. By its nature, privatisation
involves giving great responsibility to the private sector for wastewater facilities or
services, and with that comes greater dependence on the ability of the private sector to 
perform. 

The Authority can best minimise its exposure to the performance risk by selecting a private 
company to contract with that is financially sound (i.e., capable of performing under
adverse financial circumstances and capable of responding to legitimate Authority clains 
for damages arising out of nonperformance), experienced and competent in the particular
kind of services being contracted, and reputable. The procurement process in this regard is
critical as careful reviews of the qualifications of private companies is essential. 

The question of risk allocation is addressed in the context of the specific terms of the 
contract with the private company. Risks associated with performance, including schedule, 
cost, and operating characteristics of a facility, can be allocated to a private company, while
the risks of force majuere or uncontrollable circumstances usually rest with the party
obtaining the service or facility (i.e., the owner). To some degree, these latter risks can be 
covered by insurance. 

In establishing the contract terms with regard to risk allocation, the Authority needs to be 
sure that the private company is capable of assuming the risks assigned to it and that the
impact of the company's assumption of this risk on contract pricing is reasonable. 
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M.4.3.6 Procurement 

The manner by which the Authority obtains privatisation proposals is a critical element in a
privatisation programme. The Authority should strive for a competitive process involving
reputable private companies submitting proposals to provide well-defined facilities or 
services. 

Two elements of this process are key: (1)criteria to measure company qualifications and 
(2) specifications to define the Authority requirements. Such criteria would enable the 
Authority to reject private companies not qualified, either on a financial or experience basis. 
This will help avoid contracting with aprivate company that cannot live up to its contractual 
obligations. 

The need for clear and precise specifications defining exactly what services the Authority is
intending to contract for is important both to be able to compare proposals from several 
companies and to be sure that the priv:ate contract will provide what the Authority requires. 

The matrix on the following page compares the various privatisation options as they apply 
to the Sultanate of Oman and the Dhofar Municipality. 

M.4.4 Examples of Contents of Service Agreements 

Two examples showing the contents of actual service agreements in the USA are presented 
on the next several pages. The first sample agreement is between an owner and a company
which is to provide complete O&M services. The second sample agreement is between a 
city and a company (denoted SWSC in the agreement text) which is to provide complete
services -design, construction, and contracting for O&M services. 

It would be netcessary to redraft such agreements to conform with Omani law. However, 
the stipulations in each of the sample agreements are generally applicable to Oman. 

The complex nature of the agreements is apparent; since they cover relatively long periods
of time both parties are obviously anxious for all issues and points to be covered in the 
agreement. 
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______________ 

TABLE M.9 Public - Private Options 

PRIVATISATION OPT.ON SINSTITUTIONAL 

ISSUE 


TARIFF RESPONSIBILITY 

(Setting of Tariffs, 


Billing and Collection) 


INFRASTRUCrURE 

FINANCING 


ASSETS OWNERSHIP 


O&M RESPONSIBILITY 


PROVISION FOR 

WORKING CAPITAL
 
COMPENSATION OR 

COST RECOVERY 


RISK 

CONTRACT TEM 

PUBLIC OWNERSHIP 

OPTION 


MUNICIPALITY 

(if tariffs can be 


legally set at local level) 

or SULTANATE 


MUNICIPALITY 

(prc'ably with help of 

central government) 


MUNICIPALITY 


MUNICIPALITY 


MUNICIPALITY 


Costs recovered via 

tariff 


MUNICIPALITY 


N.A. 

OPERATIONS 
CONTRACT' 

MUNICIPALITY 
(as in Public 
Ownership 

option) 

MUNICIPALITY 

MUNICIPALITY 

COMPANY 

under contract 

MUNICIPALITY 

Municipality pays 
Company under 
terms of service 

contrrct 
MUNICIPALITY 
(low risk - mainly 
the possibility of 
nf - fomnce)
a 


1 Us=,Ily 5 years 

.xipeRnenoje 
FRANCHISE 

or 
concession 

COMPANY 


COMPANY 


COMPANY 


COMPANY 


COMPANY 


COMPANY 
(sets and 
collects 
triffs) 


COMPANY 

(total 

commercial 
rik)
 

15 -20 years 

rnivc of 
FRANCHISE WITH 
OVERSIGHT BY 

MUNICIPALITY 

MUNICIPALITY 


(has Final 

approval or 

tariff setting 


resPronsibilitv
 
COMPANY 


COMPANY 


COMPANY 

(Municipality 

monitors results 
to assure 

comnliance) 
COMPANY 


COMPANY 

(collects tariffs; 

Municipality 
nvs shorfalls) 
SHARED 


15 -20 years 

the USA) 

WHOLESALE 


SERVICE 
CONTRACT 


MUNICIPALITY 
(as in Public 
Ownership 

option) 

COMPANY for 
contracted facilities; 
MUNICIPALITY for 

_ _all other facilides 
BOTH 

(each own portion 
fininced) 
BOTH 


Municipality and 

Company
 

BOTH 


MUNICIPALITY 

collects tariffs; 


pays COMPANY 


SHARED 


15 -20 years 

________________. 

FACILITIES 
DEVELOPMENT 
CONTRACT
 

MUNICIPALITY
 
(as in Public
 
Ownership
 

option)
 

EITHER
 
(if MUNICIPALITY,
 

contract is design/
 
build tvorl 

MUNICIPALITY 
(if design/build)
 

or ROTT4
 
MUNICIPALITY
 

(usually)
 

MUNICIPALITY
 

Tariffs if design/build,
 
or Municipality leases
 

portion owned by
 
Comnanv
 

MUNICIPALITY
 
or SHARED
 

5 - 10 years; 
longtefasd 



EXAMPLE 1 

SAMPLE CONTENTS OF AGREEMENT FOR 
OPERATION AND MAINTENANCE SERVICES 

TABLE OF CONTENTS 
1.0 DEFINITIONS
 
2.0 TERMS
 
3.0 SCOPE OF SERVICES
 

3.1 Notice to Proceed
 
3.2 General
 
3.3 Staffing
 
3.4 Safety Program

3.5 Process Information
 
3.6 Product Water
 
3.7 Public Relations
 
3.8 Operating Expenses
 
3.9 Maintenance
 
3.10 Inventory Control
 
3.11 Annual Budget and Audit
 
3.12 Periodic Operating Reports

3.13 Regulatory Requirements
 
3.14 Performance Bond
 

4.0 LIABILITY AND INSURANCE
 
4.1 Fines and Penalties
 
4.2 Damages
 
4.3 Insurance Requirements
 
4.4 Indemnification
 
4.5 Facility Damage

4.6 Force Majeure
 
4.7 Labor Disruptions


5.0 DUTIES OF OWNER
 
5.1 Payment of Services
 
5.2 Easements, Licenses and Access
 
5.3 Maintenance and Repair Fund
 
5.4 Operating Permits
 
5.5 O&M Manual
 

6.0 MISCELLANEOUS
 
6.1 Termination by Either Party
 
6.2 Termination by Owner
 
6.3 Capital Equipment
 
6.4 Subcontractors
 
6.5 Independent Contractor
 
6.6 Waiver of Rights
 
6.7 Assignment

6.8 Merger and Amendment
 
6.9 Notices
 
6.10 Change in Law
 
6.11 Facility Shutdown
 
6.12 Future Construction
 
6.13 Third Party Beneficiary
 
6.14 Service Agreement Conflict
 
6.15 Partial Invalidity
 
6.16 Governing Law
 

EXHIBIT A - FACILITY GROUNDS
 
EXHIBIT B - PAYMENT FOR SERVICES
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EXAMPLE 2 

SAMPLE CONTENTS OF AGREEMENT TO

PROVIDE DESIGN, CONSTRUCTION, O&M
 

AND LONG TERM SERVICES
 

TABLE OF CONTENTS 
ARTICLE !
 

Definitions
 
ARTICLE II
 

Engagement of SWSC
 
2.1 Engagement for Services
 
2.2 Initial Term
 
2.3 Successive Annual Terms
 
2.4 Election
 
2.5 Agreement by SWSC
 
2.6 Termination by SWSC
 
2.7 Capital Fund
 
2.8 Bond Financing
 

ARTICLE III
 
Construction of the Facility


3.1 Lease of Site
 
3.2 Design of Facility
 

3.2.1 	 Engineer Agreement

3.2.2 	 Review
 
3.2.3 	 Revisions
 
3.2.4 	 General
 

3.3 Construction of Facility

3.3.1 	 Construction in Accordance with Plans
 

and Specifications; Commitments
 
3.3.2 	 Construction Contracts
 
3.3.3 	 Compliance with Laws
 
3.3.4 	 Construction and Change Orders
 
3.3.5 	 Contractor's Performance and Payment


Bonds
 
3.3.6 	 Professional Liability Insurance
 
3.3.7 	 Builder's Risk, Liability, and Worker's
 

Compensation Insuraice
 
3.3.8 	 Permits
 
3.3.9 	 Operations and Maintenance Manual
 
3.3.10 	 Record Drawings

3.3.11 	 Inspection Services
 

3.4 Completion of Construction and Certification of Costs
 
3.4.1 	 Testing and Start-Up Period
 
3.4.2 	 Certification of Costs
 
3.4.3 	 Audit of Certification
 
3.4.4 	 Excess Construction Costs
 
3.4.5 	 Completion

3.4.6 	 Failure to Complete
 

3.5 Guaranty by Engineer

ARTICLE IV
 

Operation and Maintenance of Facility
4.1 The Operations and Maintenance Contract
 
4.2 Operation of the Facility

4.3 Commencement of Operations of the Facility

4.4 Daily Operations

4.5 Repair and Maintenance
 
4.6 Access and Security
 

M-28 



4.7 	 Compliance with Law
 
4.8 	 Performance Bond
 
4.9 	 Water Quality Standards
 

ARTICLE V
 
Service Fee and Expenses
 

5.1 	 Base Fee
 
5.2 	 Operating Fee
 
5.3 	 Maintenance and Repair Deposit

5.4 	 Adjustments to Operating Fee and Operating
 

Reserve Fund
 
5.5 	 Changes in Law or Unforeseen Circumstances
 

5.5.1 Changes in Laws
 
5.5.2 Unforeseen Circumstances
 
5.5.3 Arbitration
 

5.6 	 Late Paymerts

5.7 	 Maintenance and Repair Fund
 

5.7.1 Establishment and Funding
 
5.7.2 City Property; Lien of SWSC
 
5.7.3 Notice to City
 
5.7.4 Adjustments
 
5.7.5 Budget Information
 

5.8 	 Operating Statements; Independent Audit
 
5.9 	 Performance Appraisal


ARTICLE VI
 
Option to Purchase; Bank Bond Purchase
 

6.1 	 City's Option to Purchase
 
6.2 	 Manner of Exercise
 
6.3 	 Agreement as to Fair Market Value
 
6.4 	 Appraisal

6.5 	 Termination and Payment

6.6 	 Bank Bonds Purchase
 

ARTICLE VII
 
Alterations and Additions
 

7.1 	 Required Changes in Design, Construction or
 
Operation


7.2 	 Design and Construction of Required Changes

7.3 	 Payment for Required Changes

7.4 	 Permitted Changes
 

7.4.1 City Requested Changes

7.4.2 SWSC Changes


7.5 	 Expansions
 
7.6 	 Abandonment
 
7.7 	 Financing Alterations, Additions, Improvements,
 

and Expansions
 
7.7.1 Indemnity Payments

7.7.2 Additional Bonds
 

7.8 	 Construction Records and Contracts
 
7.9 	 Other Matters
 

ARTICLE VIII 
Defaults and Remedies 

8.1 	 Default
 
8.2 	 Event of Default
 
8.3 	 Notice and Cure
 
8.4 	 Remedies
 

ARTICLE IX 
Limitations upon the City 

9.1 	 Possession of the Facility
 
9.2 	 Control of Operations
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9.3 Other Service AgreementsARTICLE X 

Conflict Resolution 
10.1 
10.2 
10.3 
10.4 
10.5 
10.6 

ARTICLE XI 

Conflict Committee 
Delegation of Audiority 
Meetings 
Inability to Agree
Exclusive Remedy
Quick Decisions 

Insurance and Damage or Destruction 
11.1 Types of Insurance for SWSC 

11.1.1 
11.1.2 

11.1.3 
11.1.4 
11.1 .5 
11.1.6 

Worker's Compensation Insurance 
Comprehensive General Liability 
Insurance 
Automobile Liability Coverage
Property Insurance 
Professional Liability Insurance 
General 

11.2 (Intentionally Deletd)
11.3 Duty to Repair or Rebuild 
11.4 Use of Insurance Proceeds 

ARTICLE XII 
Personnel 

ARTICLE XIII 
Bond Terms 

ARTICLE XIV 
Force Majeure

ARTICLE XV 
Representations

15.1 
15.2 

ARTICLE XVI 
Miscellaneous 

16.1 
16.2 
16.3 
16.4 
16.5 
16.6 
16.7 
16.8 
16.9 

16.10 
16.11 
16.12 
16.13 
16.14 
16.15 
16.16 
16.17 
16.18 

Representations ofSWSC 
Representations and Covenants of the City 

Conditions to be Satisfied 
Expansions Included in the Original Facility
Assignment; First Refusal 
Raw Water Quality
Rate-Setting Authority
Relationship of the Parties 
Representative 
Notices 
Entire and Complete Agreement
Binding Effect 
Other Documents 
Number of Days
Limited Effect of Exhibit 
Applicable Law 
Headings
Counterparts 
Amendments 
Attorneys' Fees 
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ATTACHMENT 1 
WASTEWATER COMPONENT 

ECONOMIC ANALYSIS 000 Rials 

Year 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 

COSTS 
Wastewater Capital 

Flow Costs 
4832 367 
5174 1470 
5517 6851 
5859 20716 
6201 4956 
6574 73 
6946 295 
7318 1335 
7691 4020 
8063 1085 
8473 2203 
8883 2203 
9294 2203 
9704 2202 
10114 2202 
10623 2504 
11132 2504 
11641 2504 
12149 2503 
12658 2503' 
12658 
12658 
12658 
12658 
12658 
12658 
12658 
12658 
12658 
12658 

Customer Operating 
Contribution Costs 

0 196 
0 228 
0 244 
0 260 

-144 559 
-455 993 
-586 1257 
-630 1378 
-676 1523 
-574 1612 
-317 1673 
-240 1734 
-250 1795 
-258 1856 
-270 1917 
-266 1981 
-262 2046 
-258 2110 
-254 2175 
-250 2239 
-200 2239 
-150 2239 
-!00 2239 
-50 2239 

2239 
2239 
2239 
2239 
2239 
2239 

Total 
Costs 
563 
1698 
7095 
20976 
5371 
611 
966 
2083 
4867 
2123 
3559 
3697 
3748 
3800 
3849 
4219 
4288 
4356 
4424 
4492 
2039 
2089 
2139 
2189 
2239 
2239 
2239 
2239 
2239 
2239 

Water Sales 
000m3 

0 
0 
0 
0 

1856 
5937 
7793 
8520 
9290 
10051 
10554 
11071 
11580 
12090 
12599 
13229 
13869 
14501 
15138 
15771 
15771 
15771 
15771 
15771 
15771 
15771 
15771 
15771 
15771 
15771 

Wastewater 
Revenue 

0 
0 
0 
0 

518 
1656 
2174 
2377 
2592 
2804 
2945 
3089 
3231 
3373 
3515 
3691 
3869 
4046 
4233 
4400 
4400 
4400 
4400 
4400 
4400 
4400 
4400 
4400 
4400 
4400 

REVENUE 
Recharge Volume Recharge value 

000m3 000 Rials 
0 0 
0 0 
0 0 
0 0 

1073 687 
3321 2125 
4234 3811 
4563 2920 
4902 3137 
5148 3295 
5385 3446 
5633 3605 
5892 3771 
6163 3944 
6446 4125 
6743 4315 
7053 4514 
7377 4721 
7717 4938 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 
8072 5166 

Net Cash Flow 

-563 
-1698 
-7095 
-20976 
-4166 
3170 
5019 
3214 
862 
3976 
2832 
2997 
3254 
3517 
3791 
3787 
4095 
4411 
4738 
5074 
7527 
7477 
7427 
7377 
7327 
7327 
7327 
7327 
7327 
7327 



ATTACHMENT 2 
WATER SUPPLY COMPONENT 

ECONOMIC ANALYSIS 000 RIALS 
COSTS REVENUE 

Capital Operating Total Incremental Water Consumption
Fodder Water Supply costs costs Large Users Domestic Users Water Sales Meter Net CashYear 000 m3 000 m3 Connections Flow

1991 1405 911 2316 170 245 220 34 -20621992 5180 919 6099 340 490 440 34 -5625
1993 684 2590 939 4213 510 735 660 34 -3519

1994 689 2590 940 4219 680 980 880 34 -3305
1995 861 1295 
 983 3139 
 850 1225 1100 34 -2005

1996 600 839 1022 2461 1020 
 1471 1320 
 38 -1103

1997 575 3357 1047 4979 1190 1717 1541 38 -3400
1998 1679 1090 2769 1360 1963 1874 38 -857
1999 1679 1125 2804 1530 2209 1982 38 -784
2000 839 1149 1988 1699 2455 2202 38 2522001 2257 1162 3419 
 1817 2915 2482 59 
 878

2002 2257 1176 3433 
 1935 3375 2762 59 -612

2003 2258 1190 3448 2053 
 3835 3042 59 -347

2004 2258 1204 3462 2171 4295 
 3323 59 -80

2005 2258 1218 3476 2289 4755 
 3603 59 186
2006 
 299 1243 1542 2407 5215 3883 76 
 2417

2007 300 1268 1568 
 2525 5675 4164 76 
 2672

2008 300 1293 1593 
 2643 6135 4444 76 2927

2009 300 1318 1618 2760 
 6595 4723 76 3181

2010 300 1343 1643 2877 7057 5004 76 3437
2011 1343 1343 2942 7296 
 5152 3809
 
2012 1343 1343 3007 
 7535 5300 
 3957

2013 1343 1343 3072 
 7774 5448 
 4105

2014 1343 1343 3137 8013 
 5596 4253

2015 1343 1343 3202 8252 
 5744 4401
 
2016 
 1343 3267 8491 5892 
 4549

2017 
 1343 3333 8730 6641 
 4698

2018 
 1343 3399 8969 6190 
 4847

2019 
 1343 3465 9208 6338 4995
 
2020 
 1343 3531 9447 6487 5155
 



Notes to Attachments I and 2 

A. 	 Attachment 1Wastewater component. Constant 1991 prices.
1. 	 Capital costs from Table D. 15 excluding price contingencies.
2. 	 Stage 2 and 3 capital costs for period 2001 to 2010 from Table D.12B., distributed 

equally between years.
3. 	 Sewer connections from Table M.3 up to 2000. From 2001 to 2010 from Table

D.9A distributed equally between years. Average cost per connection RO 428 (Table
D.9A). Customers pay 50 percent of cost over 5 years starting in year of installation.

4. 	 Operating costs from Table D.16 but with electricity cost increased to economic value 
(factor of 2.5).

5. 	 Water sales from Table M.3 (line 299). After 2000 increasing in proportion to 
wastewater flows (column 1).

6. 	 Wastewater revenue based on weighted average tariff of RO 0.279 per cubic metre of 
water. 

7. 	 Recharge volume 90 percent of wastewater from Table M.3 (line 302) up to 2000,
then increasing in proportion as for wastewater flow in column 1.

8. 	 Recharge value based on opportunity cost of using desalinated water at RO 0.640 per
cubic metre. 

B. 	 Attachment 2 Water supply component. Constant 1991 prices.
1. 	 Fodder relocation costs from Table B.17, increased by 12 percent for engineering

services, as follows: 

1993 
1994 
1995 
1996 
1997 

684 
689 
861 
600 
575 

2. 	 Water supply capital costs up to 2000 as foilows: 

1991 1,405
 
1992 5,180
 
1993 2,590
 
1994 2,590
 
1995 1,295

1996 839
 
1997 3,357
 
1998 1,679
 
1999 1,679
 
2000 839
 

3. 	 Water supply capital costs over stages 2 and 3 from Table D. 14B, equally distributed 
between the years.

4. 	 Water supply operating costs from Table D.16 but with electricity cost increased to 
economic value (factor of 2.5).

5. 	 Revenue from incremental water sales after 1990. Volume of incremental water 
consumed from Table 3.3.5 in Basis of Planning Report. Sales to large users at 660
Baisas per cubic metre and to domestic consumers at 440 Baisas per cubic metre. 

6. 	 New water supply connections from Table D.13.D distributed equally between years
for each 5 year period. Customer contribution RO 50 per connection. 

M-33
 



ATTACHMENT 3 

CALCULATIONS AND ASSUMPTIONS
 

ANALYSIS OF AFFORDABILITY OF
 

WASTEWATER TARIFFS AND CONNECTION CHARGES
 

Restructuring of Current Tariff 

A stepped tariff structure can be created to generate the same level of water service 
revenue currently generated by the flat rate tariff of 2 Baisa per Imperial gallon (440
Baisa per cubic meter). Based on limited data, the following tariffs are illustrative of a
graduated scale that would provide levels of revenue equal to that provided by the 
current charge: 

Consumption 
Range-m 3/Mo 

Tariff 
RO/m 3 

1-10 0.22 
11-20 0.33 
21-30 0.44 
31-40 0.55 
41-60 0.66 
61 & above 0.77 

Estimated Consumption Range of Lower Income Households 

One can assume that the consumption range for lower income households is something
below the average consumption for domestic accounts. Household sizes are estimated 
to range between 6.0 and 9.0 in Salalah. Ifan average of 7.5 is applied to estimated 
per capita consumption of 109 liters per day, a monthly household consumption of 
24.5 cubic meters is derived. If the survey data is adjusted to omit the accounts with 
zero consumption and those in the highest range (above 60 cubic meters per month, a 
figure of about 19.5 cubic meters per month consumption is derived. The 
consumption range selected to be tested for lower income households is from 19.0 to 
24.0, which is likely to err on the high side. 

Estimated Income Levels of Lower Income Households 

The only household income data available is included in the Base Studies of the 
Structure Plan - Salalah, January of 1983. The average monthly income given for
Omani households is RO 410 which is assumed to be 1982 data. If this data is inflated 
at 5 percent per year, it escalates to RO 635 per month. The typical incomes of 
households which would be just prosperous enough to be property owners and/or
connected to the wastewater system can only be roughly estimated. Monthly incomes 
in the range of 55 percent to 70 percent of the average (i.e. RO 350 to 450 per month) 
are considered reasonable for this purpose. 

Estimation of Wastewater Bills Including Connection Charges 

Calculation of the monthly charges to customers using the illustrative water tariff and 
assumed consumption ranges provides the following results: 
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At Consumption of 19 MnMo. 

Water: RO 5.17 + Wastewater @ 50%, RO 2.59, Total = RO 7.76 
(Water bill only at current tariff= RO 8.36) 

Connection Charge = 3.00 

Total = RO 10.76 

At Consumption of 24 m2LMo. 

Water:RO 7.70 + Wastewater @ 59%, RO 3.85, Total = RO 11.55 
(Water bill only at current tariff= RO 11.00) 

Connection Charge = 3.00 

Total = RO 14.55 

Estimation of Proportion of Incomes Required to Cover 
Water, Wastewater and Connection Charges 

Comparing the above cost ranges with the estimated income -anges, the potential
impact of costs on household incomes can be estimated: 

Percentage of 
Item Income Expended* 

Income at RO 350 per month
 
Consumption at 19 m3/Mo. 3.1(2.2)

Consumption at 24 m3/Mo 4.2(3.3)
 

Income at RO 450 per month
 
Consumption at 19 m3/Mo. 2.4(1.7)

Consumption at 24 m3/Mo. 3.2(2.6)
 

* Note:Parenthetical figure is percentage of income
 
required excluding connection fee.
 

In analysing the above figures, one can give some consideration to the likelihood that 
lower incomes are associated with lower consumption and vice versa. Thus the 
conclusion reached from the foregoing analysis is that under the assumed conditions,
the proportion of income required to cover water, wastewater and connection charges
is most likely in the 3 percent to 3.5 percent range. Excluding the connection charge
(which is temporary and represents the acquisition of an asset), the most likely range is 
roughly between 2 percent and 2.5 percent. 
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APPENDIX N
 

STUDIES CONDUC'TED AND RECOMMENDED 

N.A Introduction 

In this appendix are presented summaries of the field studies performed by (he Consultant 
during the preparation of the Masterplan. Also outlined are recommended future 
consultancies and investigations needed during the Fourth Five-year Development Plan 
period to support the implementation of the first and second phase components of the 
Masterplan programme. 

N.2 Studies Conducted 

N.2.1 Household Water Use Survey 

During March and April, 1991, a household water use survey was undertaken as part of 
this study. The purpose was to verify or refine the water supply and wastewater flow 
projections by sampling within each district of Salalah. The results are summarised in 
Table N. 1. 

A total of 264 households were interviewed. The survey coincided with Ramadan, and 
difficulties were encountered in finding daylight hours in which people were awake and 
would respond to the interviewers. For the .ame reason, it was difficult to estimate the 
number of seasonally-vacant homes, or the number of households having more than one 
home within Salalah. Within the 20 districts surveyed, the average household contained 
10.3 persons. There are approximately 10,000 houses in Salalah (based on counts from 
aerial photographs). The population estimate utilised in this study is 77,000 persons,
which could be correct if 23 percent of the houses are vacant or represent second homes. 
Until the first national census is conducted in 1993, it could also be assumed that the 
existing population is about 100,000 persons. 

However, the survey found that all households were served by the potable supply system,
and were consuming 127 litres per capita per day. This is much higher than the average of 
107 L/cap/d found in the Basis of Planning report, in allocating total metered residential use 
to a population of 77,000. Thus, it would appear that the number of seasonal or second 
homes is about 20 percent of the total houses, and that on average the per capita
consumption estimates are reasonable. 

Water use from private wells was found to be more frequent in Saada and Dhariz, which 
verified the assumptions made in the flow projections. Most of the private wells are used 
for gardening, and very few for cooking or drinking water. In many homes with private
wells, the water is pumped to a roof tank and used in toilets and showers, but the volumes 
or per capita usage could not be estimated accurately from the interviews or from 
measurements of tank volume and the hours/day of pump operation. 

Wastewater soakage pits are performing poorly in the densely developed areas of Salalah 
(Districts 3 - 8, 11 - 12, 21 - 29), based on the frequency at which emptying is required.
In Saada and Dhariz North, many households reported 4 to 6 years since emptying (or 
never once since the time the house was constructed). Holding tanks to be emptied daily or 
weekly were found to be very rare. Only one was encountered, in a household of 30 
people in Dhariz South. It should be noted that most of the people interviewed in Dhariz 
South were in the congested densely developed portion, and not in the area of large private
villas. 

The districts where a majority of households require septage service frequently (Districts 3,
4, 7, and 25) are at low ground elevations along the coast, where the depth to the 
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TABLE N.1 Summary of Household Water Use Survey 

ID No. 
District of 

Salalah 
Number 

of 
Interviews 

Persons 
per 

House 

Per Capita 
Water Use 

L/cap/d 

Having 
Private 
Wells 

No. of Water Uses from Private Wells [1]
Gardens Cooking Showers 

Washing Toilets 

Frequent 
Septage 
Service 

z 

1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
13 
18 
19 
20 
21 
25 
26 
29 
30 

Al Qoof 
Al Zawiah 
East Salalah 
Al Hafah 
Town Center 
Central Salalah 
Al Hasn 
New Salalah 
West Salalah 
Al Wadi 
Al Salam 
AI Qantara 
Saada North 
Saada South 
Dhariz North 
Dhariz South 
Al Baleed 
Al Haseelah 
Al Awqd 
Al Awqad North 

15 
15 
6 
15 
10 
15 
9 
34 
15 
10 
10 
10 
11 
10 
9 
13 
13 
13 
15 
17 

9.2 
10.2 
10.5 
10.6 
10.2 
12.0 
11.0 
11.4 
14.2 
8.8 
11.7 
7.8 
10.0 
10.7 
12.2 
9.6 
11.4 
9.5 
11.6 
9.1 

[2] 
80 
163 
110 
130 
120 
100 
143 
120 
110 
140 
70 
130 
220 
120 
160 
170 
141 
100 
100 
120 

0 
0 

17% 
13% 
0 
0 
0 

11% 
0 

10% 
0 
0 

9% 
50% 
78% 
46% 
23% 
15% 
6% 
0 

0 
2 

3 

1 

1 
5 
7 
6 
2 
1 
1 

1 
2 

3 

0 

1 
5 
5 
4 
3 
2 
1 

0 
0 

0 

0 

0 
2 
2 
1 
0 
1 
0 

1 
1 

2 

0 

1 
5 
3 
4 
1 
2 
1 

1 
1 

2 

0 

1 
5 
3 
4 
1 
2 
1 

[31 
6% 
6% 

50% 
53% 
20% 
40% 
55% 
29% 
6% 

20% 
20% 
10% 
9% 
1090 
0% 
38% 
61% 
23% 
26% 
6% 

Totals/Averages 264 10.6 127.3 14% 29 
Notes: [1] Number of households reporting a given water use from a private well 

[2] Per capita water use from the public potable supply system
[3] Households requiring emptying of soakage pits every 3 months or less 

27 6 21 21 26% 



groundwater table is low. Districts requiring infrequent septage service (Districts 1, 2, 9, 
13, 18, 19, 20, and 29) are generally in areas of higher ground elevation and/or areas of 
low-density development. 

The results for the small sample of households (less than 3 percent of the total) do not 
provide sufficient evidence for modification of the flow projections. They do indicate that 
during future design and planning updates, data on metered flows and use of private wells 
should be gathered and analysed again; the distribution pattern of persons per household 
and per capita consumption found in the household survey differ somewhat from the 
pattern adopted for this study. In general, the design flows adopted are sufficient to cover 
the water demands found in the survey. 

The most important finding of the household survey is considered to be the need for a 
sewer system in the densely developed centre of the city, rather than in the newer sparsely 
settled suburbs. It was found that in many cases the homes are closely spaced in the city 
centre area, to the extent that adjacent houses often have adjacent septic tanks; seepage of 
wastewater solids from these tanks has clogged the soil and resulted in a requirement for 
frequent emptying of the tanks. There is little or no evidence that home owners have built 
true wastewater holding tanks in Saada or Dhariz. 

N.2.2 Industrial Survey 

N.2.2.1 Introduction 

Royal Decree 10/82 represents the basic environmental law in the Sultanate of Oman. 
Decree 10/82 defines environmental pollution to mean physical, chemical, or biological 
materials or factors that, discharged into the environment, cause deterioration of the quality
of the environment, sensitive resources within the environment, or the quality of life 
associated with the environment. Ministerial Decisions eman.ting from Decree 10/82 
further specify regulatory compliance with regard to preservation of the environment and 
adherence to established health and safety standards. 

Initial efforts in data collection under this project identified the need for a better 
understanding of the extent of pollution, as a concern for both establishing a baseline on 
which to monitor effects of proposed actions and as a technical basis on which to determine 
wastewater treatment feasibility. The following findings address these objectives. 

A review of the environmental laws and regulations (Appendix H) indicates that some 
standards and control methods exist regarding the control of pollution. The specific means 
by which these regulations are implemented are less clear. The lack of administrative 
resources, as well as the lack of adequate disposal means, particularly in the private sector, 
exacerbates the problems. For example, industrial waste disposal facilities have been 
recently built, or are under construction. They include the Raysut and Taqah Landfill sites 
(in operation), and the oxidation ponds at Wadi Qaftawt (under construction). These are 
shown in Figure N.I. Disposal problems currently exist at Wadi Sahalnawt, in the 
absence of public wastewater treatment, which may include hazardous material dumping 
even though there are landfills designed for such waste. 

The New Industrial Area located near Awqad is intended to reduce the amounts of 
manufacturing in central Salalah. (The older industrial area is located in Al Haseelah.)
Past and present disposal practices in these industrial areas may have a deleterious effect on 
groundwater quality and may pose problems for the treatment of sewage. 

The prevalent use of agro-chemicals (pesticides, herbicides, and fertilisers) can also be 
deleterious to the environment and public health. Casual commercial ard domestic disposal 
likewise may be pollution sources. 
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N.2.2.2 Survey Methods 

In order to ascertain the extent of chemical pollution in the Salalah area, two surveys were
 
undertaken: 1) a survey of commercial and industrial sites, and 2) a survey of sources
 
associated with the use of agro-chemicals, including a representative sample of small
 
farms, commercial farms, private retail sources, and distribution through the Extension
 
Service of MAF.
 

Ministerial Decision 5/86 identifies the types of sources associated with air pollution

substances. Many of these sources also have these substances either in liquid or solid form
 
and thus may be a source of water pollution. These types of sources were included in the
 
industrial survey.
 

The regulations pertaining to industrial pollution were reviewed, survey data forms were 
designed for acquisition of data on site location, ownership, substance storage, use, and 
means of disposal. MOE and MAF were contacted to acquire available data. A survey was 
assembled under the direction of the hazardous waste specialist. The surveys were 
conducted during April and May, 1991. The potential sources and the sources surveyed 
are listed in Tables H.17 and H.18 (Appendix H). 

N.2.2.3 Findings of the Industrial Survey 

Table H.19, H.20 and H.21 (Appendix H) present a synopsis of the findings of the 
industrial survey. It was found that, in nearly all cases involving septic and holding tanks 
at commercial and industrial sites, sewage was ilisposed of on a regular basis at either the 
Raysut Landfill or at Wadi Sahalnawt. The problem of disposal in the wadi however is 
recognised as an on-going concern that is not likely to diminish in the near future due to its 
proximity to Salalah and thus the ease for casual use. 

The Salalah Wellfield appears to be free of endemic pollution with the possible exception of 
the materials laboratory located at the edge of the red zone. The tanks of cleaning solution 
and the on-site disposal of the solution may be contaminating fresh groundwater in the 
wellfield at a point where it may be entering the potable supply zone. Further investigation
of the chemical contents of these tanks and the extent of disposal is needed. 

The Ministry of Communications maintenance yard is located in the red-striped zone of the 
Salalah Wellfield. The results of the on-site investigation of this facility indicates that 
proper containment and disposal practices are in place. The on-going construction of new,
larger holding tanks and septic tanks further indicates a conscious effort on the Ministry's 
part to ensure proper removal of industrial waste from their property. 

The commercial area in the Salalah Wellfield green zone to the south of the potable
extraction zone is largely free of bulk industrial waste production. There are limited 
examples of misuse through casual disposal of small amounts of chemicals and lack of 
control on insuring that proper disposal is practiced at the individual business level. 

The new industrial area to the west of the fresh water zone appears to consist largely of 
warehouse storage and limited commercial wholesale use with the exception of a foam 
rubber manufacturer. Bulk quantities of hazardous liquids are used in the manufacture of 
foam rubber and the production of fiberglass boats, both of which take place at this locale. 
For the most part, materials are kept in metal drums and stored in enclosed areas. There are 
no floor drains and spills are ceaned up by chemical neutralisation and absorption. The 
residual waste is disposed of at the Raysut Landfill. The primary concern is that small 
spills may be disposed to the septic system. This means of casual disposal poses a 
problem for future wastewater treatmet, particularly with regard to methylene chloride and 
isocyanates. 
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N.2.2.4 Findings of the Agro-chemical Survey 

Information was not easy to obtain for a variety of reasons, including willingness to 
discuss specific farm pesticide use, confusion on what types of chemicals were used due to
translation and vernacular nomenclature, and coordination of meetings between the survey 
team and the farmers. 

MAF was helpful in the provision of data on the distribution of agro-chemicals by the 
Extension Service and by private outlets in the Salalah area. The survey team also 
surveyed a number of the private distributors of agro-chemicals to determine handling and 
storage methods and general sales. Table H.22 (Appendix H) lists the number of private
retail dispensers and the number investigated, while Table H.24 (Appendix H) shows the 
MAF data for private sales to fams in the various Extension Districts. 

Assuming that the sales in the various extension areas reflect the zone of usage, then the 
Salalah and At Hafa Districts are of interest in that they are located over the fresh water 
aquifer. Over 50 percent of the total amount in Table H.24 was sold in Salalah and Al
Hafa. Not all of these compounds are hazardous materials. However a number of them 
are listed among chemicals on the MAF banned pesticides list (Appendix H, Table H.23).
Some of these pesticides probably infiltrate and contaminate the groundwater either in their 
original form or as degraded compounds. 

Most of the agro-chemical shops exhibited some degree of control protocol with respect to 
exposure and chemical leakage. Limited chemical leakage and spillage was observed in a
few cases. Some of the banned pesticides were found to be stock items. It is not known,
however, if groundwater contamination by way of septic tank disposal is occurring in the 
commercial area of Salalah that over lies the fresh water aquifer. 

The general use of agro-chemicals on various crops is shown in Table H.24 (Appendix H). 

Fruit trees appear to receive the bulk of the agro-chemicals used. The extent to which this 
represents the small traditional farms rather than large commercial farms is not known. 
However, the large farms in the Salalah Wellfield area are primarily dedicated to growing
fodder. Fruit trees are more common on the small traditional farms and small farms may
therefore play a larger role with respect to potential groundwater contamination. 

The survey team visited three small farms and were able to observe some of the application
practices and storage procedures. One case stands out. At this farm the farmer disposed of 
about 2 kg. of o'd gramoxone (paraquat) on his farm by burying it near irrigated land. It 
is such casual practices that may lead to groundwater contamination. 

A number of these agro-c~emicals can be toxic to wastewater treatment. As with industrial 
waste, the means of distribution, handling, application, and disposal will require control. 

N.2.2.5 Conclusions 

The investigation estab!ished that a variety of industrial, commercial, and agro-chemical
compounds are used in the Salalah area. For the most part, proper disposal is being
practiced. Cases of careless disposal were found, however, including dumping at wadis 
(e.g. Wadi Sahalnawt) and careless disposal of pesticides. Even with the regulatory and 
institutional mechanisms in place, and proposed, it may be necessary to monitor both 
groundwater and influent sewage water as a safeguard to public health and successful 
wastewater treatment. 
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N.2.3 Small Farm Survey 

o Objective 

A survey of small farms was undertaken in March and April, 1991, to obtain 
information on water use, water quality, efficiency of irrigation and crop production 
systems. 

o Implementation 

Selection ,,f farms and introduction of the surrvey team to the farmers was 
undertaken by MAF extension officers, whose cooperation is gratefully
acknowledged. The survey also benefitted from the advice and support of the MAF 
Statistical Division. Farm selection, therefore was guided by contact with the
extension office, but was designed to be representative of farms within the five 
principal extension areas. However, some farms in Sahalnawt and in the west of 
the Awqad were deliberately included in order to ascertain their water quality. 27 
farms were surveyed in Salalah and 2 in Taqah. 

o Principal Findings 

Farm Size. The average area of the surveyed farms was 2.2 hectares, which is 
slightly above the average farm size for the whole small farm sector. The largest
farm was 3.78 hectares, and the smallest 0.94 hectares. 

Water Table Depth and Pumping Lift. The average depth from ground level to the 
water table was 6.8 metres with most of the wells having a depth of between 4 and 
7 metres. The deepest well was at Sahalnawt at 20.5 metres, and the shallowest 
was in Dhariz South at 2.4 metres. The average pumping lift was 8.3 metres, the 
extra height reflecting the height of the top of the irrigation reservoirs above ground 
level. 

Water Quality. The electrical conductivity (expressed in microsiemens/cm) of the 
well water was measured. The average EC for the 27 wells in Salalah was 4,300 
and for the 2 wells in Taqah 4,150, but there are major variations within the 
agricultural areas of Salalah. The areas with the highest EC were Awqad west 
where ECs of 11,900 and 11,000 were registered on t'vo farms, and Sahalnawt 
where two farms had ECs of 6,900 and 6,100. The lowest ECs were found in 
Hafah and in Dhariz north, and the lowest, 1,100, was just to the west of Robat 
Palace in Hafah. On the whole the ECs of the wells were remarkably high with 15 
of the 27 farms surveyed in Salalah having EC in excess of 4,000. The average
ECs of the principal areas surveyed is shown below: 

Location Average EC 

Dhariz North 2,400
 
Dhariz South 4,200
 
Sahalnawt 6,500
 
Hafah 1,650
 
Awqad 6,550
 
Salalah 3,950
 
Taqah 4,150
 

Well water was also tested for relative acidity, and was found to be fairly uniform 
having an average pH of 7.3 with a range of 7.0 to 7.7. Water temperature varied 
between 28 and 32 degrees Centigrade. 
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Pumping Time. Average daily pumping time was 7.5 hours per day for 7 days a 
week, although this varied between the extreme of 16 hours per day and 1.1 hours 
per day. Nearly half the farmers in Salalah pumped for less than 7 hours per day,
and 3 pumped for less than 3 hours per day. Pumping hours varied between 
seasons, with pumping in the khareef season failling to half or even less than that of 
the dry season. 

Pump Sets. 18 farms were still using diesel pumps, and II had changed to electric 
pumps. The heavily subsidised price of electricity has made electric pumps 
substantially cheaper to run than diesel pumps, and farmers are steadily converting 
to electric pumps, although many retained their diesel pumps for standby. Monthly
fuel and electricity costs for pumping were in the range RO 9 to RO 40. Those 
farmers with most daily pumping had converted to electric pumps. 

Annual Volume of Water Pumped. At each farm the survey team measured the 
flow of water in the cement lined channel leading out of the irrigation reservoir at 
the well head to obtain the pumping rate. This combined with estimated hours and 
days of pumping for both dry and khareef seasons provided an estimate of the total 
annual volume of water pumped. The average for all farms was 214,000 cubic 
metres, although this varied between 691,000 cubic metres and 46,000 cubic 
metres. Converted to volume of water per hectare the average was 101,000 cubic 
metres. These water consumption figures appear excessive, probably due to 
exaggerated estimates of pumping time. 

Crop Production. The principal crops grown are fodder, bananas, vegetables, 
coconuts, citrus frui: or papaya and melons, as shown below. 

Cro No. of farmers Total Av. Area 
Surveyed with crop ha ha 

Fodder 24 19.7 0.82 
Bananas 19 19.1 1.00 
Vegetable 17 13.7 0.81 
Coconuts 20 8.3 0.41 
Citrus fruit/papaya 6 2.2 0.37 
Melon 3 1.1 0.37 

However, the estimates of cropped area within each farm are not considered to be 
accurate, as although the extension offices had details of the total area of each farm, 
the farmers themselves had little knowledge of actual crop areas. 

The survey team also collected data on production and inputs, but these were not 
considered to be useful indicators of yield and input levels due to the uncertainty of 
crop areas. 

Irrigation Efficiency. A theoretical calculation of actual crop water requirements
for each farm was made, based on crop evapotranspiraticn and estimated crop 
areas. This was then compared to estimated total annual water consumption in 
order to calculate irrigation efficiency. These results indicate extremely low 
irrigation efficiencies averaging 25 percent for all farms. Only 3 farmers achieved 
an irrigation efficiency of more than 40 percent, although the highest was 76 
percent. 16 farms, or two thirds of the sample, had efficiencies of between 10 and 
30 percent. These results should not be considered as reliable indicators of 
irrigation efficiency. Although it was clear from visual observation of present
irrigation practices that efficiencies were much below those using drip or trickle 
systems, because of unnecessary exposure of surface water to evaporation, the 
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results obtained from the survey probably exaggerate the wastage. This has 
occurred through overestimating pumping hours and the unreliability of crop areas. 

Other Findings. Most of the farmers were expatriate tenants. Only one Omani 
owner was directly farming his land. A variety of complex arrangements for 
paying the owners existed. These included contracts for one or more years, share 
cropping - especially for vegetables, and monthly wage payments. 

There is a marked increase in banana cultivation. This is due to the fixed,
guaranteed, and presently attractive, price paid by PAMAP at the banana processing
plant, low labour inputs and minimal opportunities for irregular disposal of the farm 
produce. It is at present a profitable, low risk crop to grow; and it is expected that 
banana cultivation will steadily increase. On the other hand bananas have the 
highest water requirements of all crops grown in Salalah, and present irrigation
methods consisting of large basins are particularly wasteful of water. None of the 
29 farms surveyed was using trickle irrigation for bananas, although the survey 
team was shown one farm successfully using trickle irrigation. If banana 
cultivation continues to expand as predicted, then greater emphasis should be given 
to persuading farmers to introduce trickle irrigation. 

o Table of Survey Findings. These are given in Table N.2. 

N.2.4 Infiltration and Permeability Studies 

N.2.4.1 General Evaluation 

Soils of the Salalah region have been investigated in the pasi including by Sir William 
Halcrow & Partners (August 1975) and John Taylor & Sons (May 1985). A report on a 
survey by the Food and Agriculture Organization is currently in preparation and will be a 
valuable source of information for the future. 

The soils have developed principally from limestone parent materials either weathered in 
place or deposited as alluvium or in beach deposits. Soil properties vary widely depending 
on topographic position. 

The majority of soils located within about 1000 m of the coast are Calcaric Regosols and 
appear to have high infiltration capacity. However, the subsurface soils are variable. In 
some locations near the sea, the water table is within a few metres of the ground surface,
and this factor limits the ability of the soil to accept effluent. Calcareous deposits,
consolidated beach rock and limestone commonly occur at shallow depth and would also 
limit the quantities of liquid that can be accepted. 

The Solonchak soils have naturally impeded drainage and are very saline in nature. They 
are unsuited to effluent infiltration. 
The Calcic Yermosols hold the greatest promise for use in effluent management because of 
their deep, coarse-textured profiles and underlying fractured limestone formations. 

N.2.4,2 Infiltration Tests 

Intake tests were conducted by the Consultant in the course of the current study. These 
were modified infiltration tests conducted at various soil depths, ranging from 0 to 0.4 m,
using a 190 mm diameter PVC pipe. During each test a surrounding area was kept wet 
within a berm about 0.8 - 1.0 m in diameter to minimise upward and lateral seepage from 
the test pipe. Water was introduced into the test pipe to depths ranging from 20 to 40 cm 
and the rate of drop was observed. 

The test locations are shown on Figure N.2 and the results are presented in Table N.3. 
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TABLE N.2 Summary of Small Farms SurveyFarm Date of Location Area Well
ID Reg.No. Survey (fd) 

EC Temp. pH Pump Energy/month PuMp(ha) Depth uS/cm Deg C. Operation (Litres diesel,
(m) h/d d/wk or Elec. cost) 

Lift 
1 34 13.03.91 Dhariz (m)4.5 1.89 3.5 2,600 29.2 7.2 7 3 2002 L 5.2160 16.03.91 Dhariz South 4.0 1.68 2.7 5.600 28.7 7.1 12 2 30 L3 51 16.03.91 Dhariz South 4.26.0 2.52 2.4 4,400 29.7 7.2 10 7 40 RO 4.24 24 17.03.91 Dhariz North 4.0 1.68 13.7 3,600 28.8 7.2 4 2 12 RO 15.79 17.03.91 Dhariz North 5.0 2.10 1,200 28.9 7.76 145 18.03.91 Sahalnawt 9.0 3.78 20.5 6,900 29.8 7.4 8 77 209 200 L 22.018.03.91 Sahalnawt 6.0 2.52 16.8 6,100 30.4 7.3 10 4 L200 18.58 3 19.03.91 Hafah 9.0 3.78 9.5 1,700 28.1 7.2 12 69 26 19.03.91 Hafah 24 RO 10.84.0 1.68 6.7 1,100 29.4 7.3 10 6 16 RO71 8.320.03.91 Hafah 9.0 3.78 4.0 1,500 27.4 7.3 5 6 200 L 5.111 39 20.03.91 Hafah 7.0 2.94 5.6 1.330 29.4 7.4 12 306 RO 6.912 91 23.03.91 Awqad 3.0 1.26 5.0 11,000 30.0 7.513 21 23.03.91 Awqad 5 7 150 L 5.66.0 2.52 5.1 3,700 29.7 7.3 5 7 15014 1 24.03.91 Awqad 7.0 L 6.22.94 9.0 5.100 28.9 7.2 12 7 L24 24.03.91 Awqad 300 10.83.5 1.47 6.7 4,800 29.2 7.2 12 7 30016 43 25.03.91 Awqad 3.5 L 7.81.47 5.5 11,900 30.1 7.4 8 7 10 RO 6.1z 17 73 25.03.91 Awqad 4.5 1.89 5.9 4,700 30.4 7.4 5 618 8 27.03.91 Awqad 9.3 RO 7.63.0 1.26 9.9 5500 28.8 7.1 5 4 10019 67 27.03.91 Awqad 2.3 0.94 9.1 L 10.45,600 29.1 7.2 12 4 12 RO 10.528 30.03.91 Hafah 7.0 2.94 4.3 2,800 28.8 7.4 12 621 14 30.03.91 Hafah 8.5 30 RO 6.53.57 3.8 1500 29.7 7.2 10 7 L400 5.522 1 31.03.91 Al Wadi 3.0 1.26 7.4 4,200 30.8 7.1 8 623 59 31.03.91 Al Wadi 3.0 9 RO 8.81.26 4.0 4,800 31.1 7.124 3 01.04.91 West Salalah 5.0 2.10 6.5 3,100 
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TABLE N.2 Summa.y of Small Farms Survey (Continued)
Farm Est'd. Est. Vol Applicn

ID Reg.No. Flow (1000 (1000 Coco-
1s) m325r) m3/ha/Ir) nut 

1 34 25.5 81 43 0.53 

Banana 

0.63 

Crop Types and Areas (ha) 
Fodder Melon Veges 

0.21 0.52 

Citrus, 
papaya 

Crop Reqrts 
(1000 
m3/yr) 
29 

Efficiency 
(%) 

36 
2 160 27.2 99 59 0.42 1.26 33 33 
3 51 14.5 153 61 0.21 1.26 0.21 0.84 38 25 
4 24 -- 0.84 0.42 0.42 30 
5 9 -- 0.42 1:26 0.42 42 
6 145 11.5 97 26 0.42 3.36 74 76 
7 209 - 1.26 1.26 33 
8 
9 

3 
26 

51.3 
24.4 

558 
221 

148 
132 0.42 

1.68 
0.42 

0.84 
0.42 

1.26 
0.42 

61 
31 

11 
14 

10 71 21.4 97 26 0.84 0.21 0.42 1.68 0.63 49 51 
11 39 21.9 238 81 0.21 1.26 0.84 0.63 51 22 
12 91 -- 1.26 25 
13 
14 

21 
1 

32.6 
15.1 

173 
1M 

69 
56 

0.63 
0.42 

0.63 
1.26 0.63 

1.26 
0.63 

34 
43 

20 
26 

15 24 14.4 18. 125 0.42 0.63 0.42 24 13 
16 43 14.8 125 85 0.21 1.26 29 23 
17 
18 

73 
8 

20.3 
15.3 

92 
46 

49 
37 0.42 

0.63 
0.84 

1.26 22 
24 

24 
52 

19 67 21.5 186 197 0.10 0.42 0.42 19 10 
20 
21 

28 
14 

33.0 
30.9 

359 
327 

122 
92 

0.21 
0.21 

1.89 
1.26 

0.84 
0.84 0.84 0.42 

60 
59 

17 
18 

22 1 45.0 327 259 0.21 0.42 0.42 0.10 0.10 23 7 
23 59 15.2 97 77 0.21 0.42 0.63 17 18 
24 
25 
26 
27 

3 
17/A 
20 
135 

13.2 
15.6 
35.2 
40.8 

112 
226 
298 
691 

53 
77 
142 
329 

0.10 

0.21 

1.47 
2.31 
0.84 
1.47 

0.42 

0.84 
0.42 

0.52 
0.42 

0.21 42 
54 
37 
43 

37 
24 
12 
6 

28 9 -- 0.42 0.84 15 
29 42 16.8 178 71 1.05 0.84 0.63 43 24 
TOTALS 577.4 5,130 80 
Estimated Crop Requirements (1000 m3/ha/yr): 

8.3 
18.5 

19.1 
20.8 

19.7 
19.6 

1.1 
9.9 

13.7 
7.5 

2.2 
13.9 

1,082 
Avg Efficiency: 

21 
25 



The first five tests listed in Table N.3 were made around the periphery of Garsiz Farm.
They show an average terminal infiltration rate of approximately 160 mm/hour. 
Data reported by Atkins (1984) included six infiltration test results at the MAF Livestock 
Research Station ranging from 900 to 3000 mm/hr, averaging 2,100 mm/hr. 

N.2.4.3 Other Observations 

Because infiltration tests are conducted in dry soil, they tend to overestimate the rate at
which the soil will continuously accept water. Such tests also do not reveal the results of
changes in regime at depth or of such effects as mounding of the water table, which can be 
an important factor if the groundwater table is close to the ground surface and application 
rates are high. 

Therefore saturated hydraulic conductivity tests were performed, using a constant head
permeameter, on soil samples obtained from a depth of about 1.0 m at several locations at 
Wadi Daha and Sha'a. 

At Sha'a, soil conditions were examined a few hundred metres to the east of the Satellite
Siation. The soils were dark reddish-brown in colour and were very fine textured, ranging
from silty clay loam in the surface soils to clays at depths. In the area where infiltration
basins could conveniently be placed, about mid-way between the highway and the beach,
silty clays predominated and the clay content was in the range of 15 to 30 percent of the
total. These soils are highly saline. Saturated soil permeability was measured at 1.2 x 10-4 
and 2.0 x 10-4 cm/second. 

At Wadi Daha, the soils range from silty clays to coarse sands. The silty clays are
associated with Solonchaks which are underlain by limestone at depths of about 0.5 to 2.0 
m. At the foot of the limestone shelf on which the cement factory stands, the soils are
typically silty in nature and are underlain by caliche at a depth of 1.5 to 2 m close to the 
cement factory. 

Closer to the shore, midway between the highway and the beach, where the ground surface
is mounded to a height of about 3.0 above meanm sea level, the soils are Calcaric
Regosols. These coarse sandy soils are excessively drained and groundwater is typically
encountered at about sea level. These soils contain less than 10 percent clay. A disturbed
sample showed a saturated hydraulic conductivity value of 2.2 x 10-2 cm/second. An
undisturbed horizontal sample showed a corresponding value of 2.5 x 10-2 cm/second. 

The shallow depth of soil on the coastal plain at Wadi Daha precludes its use for infiltration
disposal. The most suitable site for infiltration through the soils is on the conglomerate and
gravel fan deposits which extend from the foot of the Jebel to the edge of the coastal plain.
These sediments have high storage capacity and would act as a conduit for conveying the 
water into the limestone aquifer (see Figure N.3). 

N.2.4.4 Conclusions 

It is normally assumed that full scale systems will operate at from 4 to 10 percent of
laboratory scale hydraulic conductivity values, and therefore that such values less than 1 x 
10- cm/second are not suited for high rate effluent application. For this reason, infiltration 
disposal at Sha'a is infeasible. 

For disposal in the foredune areas, the available heads above sea water level are greater at
Wadi Daha than at Sha'a. Even at Daha they are not over 3.0 m. With ultimate discharge
requirements potentially as high as 40 MLd, at a typical available porosity of 10 percent
approximately 400,000 cu m of soil would need to be filled and drained every day. With a
typical available depth of 2 m and a system length of the order of 2000 m, the required 
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TABLE N.3 Modified Infiltration Test Results 

Test 
No. 

Location Depth 
(cm) 

Initial Rate 
(mm/hour) 

Terminal Rate 
(mm/hour) 

Average Head 
(cm) 

Time 
(min) 

1 
2 

Dhofar Cattle Feed, 50 m South (at Gate) 
Dhofar Cattle Feed, 300 m North (Th. Roundabout) 

25 
32 

471 
419 

180 
288 

30.6 
38.5 

122 
253 

5 
7 
8 

Dhofar Cattle Feed, 300 m South (Th. Roundabout) 
Dhofar Cattle Feed, 2 km South (Th. Roundabout) 
Dhofar Cattle Feed, West side 

38 
24 
28 

410 
472 
70 

171 
114 
34 

24.0 
36.7 
27.2 

179 
121 
120 

3 
6 
4 

Wadi Daha 1 kin East (Cement Factory) 
Wadi Daha 2 km East (Cement Factory) 
Wadi Daha 50 m (dug well) 

28 
42 
48 

419 
1676 
1276 

260 
336 
1104 

38.0 
38.7 
42.0 

77 
163 
113 

14 North Saada 2 58 478 252 35.3 114 
15 North Saada 3 55 593 210 41.4 112 
9 North Saada 400 m (Dames & Moore office) 28 680 126 41.2 140 

12 Arzat near Defence Gate 52 29 12 60.2 164 
11 
13 

Arzat in triangle of tracks 
Khor Arzat 300 m East 

56 
54 

2280 
5848 

1278 
2355 

45.2 
39.3 

134 
104 

16 Khor Arzat 1.2 km West 53 2271 1353 42.4 67 
17 Khor Arzat 500 m West 55 2449 1560 42.2 103 
18 Khor Arzat 1.3 km East 55 2642 1164 43.3 79 
19 Khor Arzat 800 m East 55 2796 1788 41.4 100 
20 Razat Farm, East 50 2621 471 33.8 178 
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horizontal movement would be of the order of 100 m per day, or 0.1 cm/second, which is 
roughly 100 times the best observed hydraulic conductivity values. The head needed to 
establish such movement appears not to be available. It is therefore unlikely that such rates 
of application could be achieved. At the maximum rates that could be established, it is 
probable that seepage of effluent would occur on the beach above sea water level. 
Therefore effluent disposal in the foredune areas appears to be infeasible. 

At Wadi Daha, the optimum infiltration site is on the conglomerates approximately 2 km 
north of the proposed bypass highway. At this location, the ground elevation is about 60 
m above sea level and the thickness of the alluvial and colluvial sediments is estimated to be 
30-40 m. If a porosity of 10 percent is assumed, then a 40 metre thick block of this 
material 2 km long and 500 m wide would take 100 days to fill, even if there were no 
lateral flow. In fact the hydraulic conductivity of the material is expected to be quite high. 
Therefore it is expected that the inflow would dissipate laterally at a rapid rate, flowing to 
the underlying fractured limestone aquifer. 

Restrictions in vertical infiltration through the conglomerates may occur where the degree 
of cementation or content of fines increases. If such zones are extensive they may cause 
perching of water. For this reason, it is proposed that the recharge capacity of the fan 
conglomerates be tested by a subsurface investigation of the proposed site and an extended 
pilot scale infiltration test. 

At Garsiz Farm, the high test infiltration rates strongly suggest that high-rate infiltration of 
reclaimed water is feasible. With terminal test rates in excess of 100 mm/hr, use of a very 
conservative tentative design rate of ten percent of that value, with application for half of 
the total time, yields a computed land requirement, for the ultimate flow rate of 38 MLd, of 
approximately 30 ha. Pending pilot test results, and taking into account the possibility that 
extended application of water may affect the characteristics of the soil, it is concluded that 
an area requirement of 60 ha should tentatively be assumed, giving a safety factor of about 
100 percent. 

N.2.5 Bacteriological Tests 

During May and June, 1991, water samples were taken from 52 wells in the study area and 
tested for bacteriological contamination. The purpose of the testing was to provide 
guidance in prioritising the staged development of the sewerage system, by identifying 
areas in which the groundwater is contaminated by wastewater. 

The locations of the wells sampled are shown on Figure N.4, including the extent of 
contamination (in terms of total coliforms and faecal coliforms counted from cultured 
samples). Positive counts on total coliforms were obtained in 20 of 52 samples, and in 11 
samples the MPN was greater than 10 per 100 mL. The maximum count was 247 per 100 
mL. Faecal coliforms were detected in 8 of 20 samples, and the counts ranged from 13 to 
252 per 100 mL. 

As shown on the Figure, most of the contaminated wells were located in the agricultural 
strip and along the coast, where the groundwater contains a component of flow from 
wastewater soakaways in the densely developed centre of Salalah. Three polluted wells in 
Dhariz South and Saada South were contaminated from livestock and from wastewater 
soakaways located very close to the wells. Tests on public wells in the Salalah and Saada 
wellfields indicated no contamination. 

The results of the bacteriological testing are summarised in Table N.4. 
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TABLE N.4 Summary of Bacteriological Testing 

District Number Total Coliforms Faecal Coliforms 
of 

Samples Zero 
(MPN/100 

<10 
mL) 

>10 
(MPN/100 mL) 

Zero > 0 

Dhariz (S) 
Dhariz (N) 
Al Baleed 

9 
7 
8 

7 
3 
4 

0 
2 
1 

2 
2 
3 

1 
2 
4 

1 
2 
0 

AIl Hafah 7 2 2 3 3 2 
A] Hasn 2 2 0 0 0 0 
West Salalah 1 0 1 0 1 0 
Al Awqad 
Saada(N) 
Saada (S) 

7 
4 
7 

4 
4 
6 

3 
0 
0 

0 
0 
1 

1 
0 
0 

2 
0 
1 

N.3 Studies Recommended 

N.3.1 	 Design and Construction Services Consultancies 

N.3.1.1 Overview 

Consultancies will be required for studies, the preparation of tender documents and the 
provision of services during construction of the primary components of the Stage I 
Facilities. In general terms, these components are the ones that exceed in complexity or 
extent the in-house engineering capability of the authority. On the basis of the experience
and intentions of the Water Supply Department, and taking into account the lack of any 
prior wastewater experience in Salalah, in-house design efforts during the first five years of 
the programme are expected to be limited to small diameter water main extensions and 
water supply service connections. 

On this basis, consultancy services for Stage 1 works are proposed to include: 

o 	 Central Wastewater System facilities (Priority Works and the related aquifer 
recharge facilities), to be completed in 1995 and requiring the earliest possible start; 

o 	 Second Phase facilities, also to be completed in 1995 but requiring less time for 
implementation, including: 

- Water supply system augmentation works, 

- Wadi Qaftawt Wastewater System upgrading; and 

o 	 Third phase water supply and wastewater facilities, to be completed by 2000. 

N.3.1.2 Central Wastewater Facilities 

N.3.1.2.1 Overview 

Engineering consultancy services for the first and seconid phases (Priority Works plus 
related aquifer recharge) of the Central Wastewater System should include pre-design
investigations, detailed design, and pre-contract and construction management services. 

N.3.1.2.2 Pre-design Investigations 

Pre-design investigations are required to confirm the feasibility of, and establish the design 
criteria for, effluent recharge and disposal systems. The environmental justification and 
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approval of these systems, and their design, must be based on specific information on 
soils, geohydrological and possibly oceanographic conditions. The investigations have 
five components: (a) effluent recharge by well injection, (b) effluent recharge by
infiltration, (c) effluent disposal by well injection, (d) effluent disposal by infiltration, and 
(e) effluent disposal by ocean outfalls (provisional). 

(a) Investigation of Aquifer Recharge by Well Injection 

The investigation of effluent recharge of the fresh water aquifer by well injection should 
address the following: 

0 	 The feasibility of, and design criteria for, well-injection aquifer recharge with 
reclaimed effluent along the northern edge of the agricultural strip that divides 
coastal and central Salalah, including: 

- A detailed inventory of existing wells along the proposed recharge line 
recording details on well depth, salinity and yields, 

- The siting and drilling of 4 test wells along the same line, accompanied by
the drilling of observation bores and the installation of piezometers; each 
well is to be sampled, logged and geophysically logged, 

- The pump testing of the 4 wells with monitoring in adjacent piezometers for 
a period of 7 days, 

- The collection of water quality samples and analysis for major and minor 
ions, 

- Analysis of the data to determine aquifer characteristics and groundwater 
quality compatibility, and 

- Preparation of a Feasibility Analysis Report which describes the studies 
conducted, conclusions drawn, evaluation of impacts and feasibility of well 
injection recharge in the coastal agricultural zone. 

0 	 The feasibility of and design criteria for well-injection aquifer recharge with 
reclaimed effluent at what is now Garsiz Farm, including: 

-	 The geophysical logging of existing wells on the farm property, 

- The drilling and logging of 3 wells along the southern boundary of the 
farm, 

-	 The installation of well screens in the wells and development of the wells, 

- The drilling and installation of piezometers in the aquifer and overburden; 
the piezometers are to be gravel packed and isolated using bentonite seals, 

- The test pumping of each of the three wells; step drawdown tests are to be 
carried out and then constant discharge for a period of 7 days to determine 
aquifer characteristics, 

- Water quality sampling during the pumping test and analysis for major and 
minor ions, pH and electrical conductivity, 

- Analysis of the results to ascertain the suitability of aquifer characteristics 
and the compatibility of the groundwaters, and 
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o Feasibility Analysis and Basis of Design Report 

Prepare a report which describes the studies conducted, conclusions drawn, 
evaluation of impacts, feasibility of, and design criteria for, aquifer recharge by 
injection. 

(b) Investigation of Aquifer Recharge by Infiltration 

In outline, the scope of work recommended is as follows: 

o Assessment of soils at the proposed infiltration site 

This would involve digging 5 test pits across the site to a depth of 3 metres. The 
soil profile in each pit is to be logged and a qualitative assessment made as to the 
capability of the soil to transmit water and its aegree of heterogeneity. 

o Assessment of the subsurface geology of the proposed infiltration site 

This assessment is provided for under the well-injection testing program unde (a) 
above. 

o Installation of piezometers 

The piezometers and wells drilled as part of the aquifer recharge injection study can 
be used to monitor the infiltration test. In addition to the piezometers, three shallow 
observation bores should also be drilled and piezometers installed. These 
piezometers also are to be gravel packed and isolated using bentonite seals. 

o Infiltration testing 

A test infiltration pit is to be excavated at the site. The pit is to be 10 m long, 10 m 
wide and 1.5 m deep. A well is to be constructed at least 500 m from the pit and 
provided with a pump and flexible delivery hose able to supply water at a rate of at 
least 8 L/sec. A safety fence is to be provided around the pit. The pit is to be filled 
with water on the morning of each day and the rate of infiltration is to be measured 
by a gauge hoard se: in the base of the pit. Water levels in all piezometers are to be 
monitored for one week before the p't is filled, and then on a daily basis throughout
the test. The volume of water required to fill the pit each day should be noted and 
the test should be continued for six months. At the end of this period the fil!ing of 
the pit is to stop and the drop in levels in the pit and the levels in the piezometers
should be monitored hourly until the pit is dry. The pit is to be backfilled and the 
fence removed. 

o Feasibility Analysis and Basis of Design Report 

Prepare a report which describes the studies conducted, conclusions drawn, 
evaluation of impacts, feasibility of, and design criteria for, aquifer recharge by 
infiltration. 

(c) Investigation of Effluent Disposal by Well-injection 

Injection disposal studies should be conducted in the general vicinity of the selected 
wastewater reclamation plant site, regardless of whether this is at Wadi Daha or at Sha'a. 
If a decision has not been made by the Government on which site to use by the time the 
studies begin, it may be necessary to evaluate injection disposal in both the Wadi Daha and 
Sha'a areas. These studies should be completed within 9 months of the start of the Priority
Works design and construction management consultancy. 
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In outline the scope of work for the verification of feasibility of effluent disposal by 

injection should include the following components, regardless of the final site selection: 

o The location of suitable aquifers. 

Drilling investigations are required to confirm the presence of aquifers which would 
provide suitable storage and transmission characteristics. It is proposed that eight
wells be drilled and fully sampled and geophysically logged. The depth of the 
wells will be determined once the selection of the site has been made and relevant 
borehole data have been compiled. 

o Installation of screens and piezometers. 

Of the eight boreholes, two are to be developed as test wells. This will involw the 
installation of 200 miu casing and screens and the development of the wells. The 
other boreholes are to be fitted with 100 mm piezometer screens and casing, and 
they are also to be developed to remove fines from the hole. 

o Testing of the wells. 

The two test wells are to be pump tested separately. Step drawdown tests are to be 
conducted followed by constant discharge pumping for a 7-day period. The 
drawdown responses in all of the adjacent piezometers are to be monitored. Water 
quality samples are to be taken after one hour of constant rate pumping and then at 
the end of the test. These water samples are to be analysed for major and minor 
ions, pH and electrical conductivity. 

o Analysis 

Aquifer characteristics are to be derived from the pumping test results. These 
values are to be used to determine the injection capacity of the system. The 
chemical characteristics of the water are to be compared with the predicted reclaimed 
water quality to ascertain that chemical incompatibilities will not occur. 

o Feasibility Analysis and Basis of Design Report 

Prepare a report which describes the studies conducted, conclusions drawn, 
evaluation of impacts, feasibility of, and design criteria for, standby effluent 
disposal by injection. 

(d) Investigation of Effluent Disposal by Infiltration 

In the event that Wadi Daha has been designated as the wastewater reclamation plant site, or 
that it remains open as a potential site, infiltration disposal pilot studies should be 
conducted in the vicinity of the site. These studies should be completed within 9 months of 
the start of the Priority Works design and construction management consultancy. 

In outline, the scope of work recommended is as follows: 

o Assessment of soils at the proposed infiltration site. 

This would involve digging 10 test pits across the site to a depth of 3 metres. The 
soil profile in each pit is to be logged and a qualitative assessment made as to the 
capability of the soil to transmit water and its degree of heterogeneity. 
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o Assessment of the subsurface geology of the proposed infiltration site. 

This would involve the drilling of test boreholes to the water table at a depth of 
approximately 60 m. The boreholes would be sampled at one metre intervals and
detailed logs recorded. A full suite of geophysical logs is to be run in each hole. It
is envisaged that 9 boreholes be drilled as three lines of three holes each parallel to 
the surface contours across the infiltration site. 

o 	 Installation of piezometers. 

Two piezometers are to be inserted into each borehole: one at full depth in the water 
table and one at a depth of 10 m below surface. The piezometers are to be gravel
packed and isolateu using bentonite seals. 

o 	 Infiltration testing. 

A test infiltration pit is to be excavated at the site. The pit is to be 10 m long, 10 m
wide and 1.5 m deep. A well is to be constructed at least 500 m from the pit and 
provided with a pump and flexible delivery hose able to supply water at a rate of at 
least 8 L/sec. A security fence is to be provided around the pit. The pit is to be
filled with water on the morning of each day and the rate of infiltration is to be 
measured by a gauge board set in the base of the pit. Water levels in all piezometers 
are to be monitored for one week before the pit is filled, and then on a daily basis
throughout the test. The volume of water required to fill the pit each day should be 
noted and the test should be continued for six months. At the end of this period the 
filling of the pit is to stop and the drop in levels in the pit and the levels in the
piezometers should be monitored hourly until the pit is dry. The pit is to be 
backfilled and the fence removed. 

o 	 Feasibility Analysis and Basis of Design Report 

Prepare a report which describes the studies conducted, conclusions drawn,
evaluation of impacts, feasibility of, and basis of design for, standby effluent 
disposal by infiltration. 

(e) Oceanographic Investigations 

The oceanographic studies, if required on the basis of a determination of the infeasibility of
injection disposal of effluent and the possibility that infiltration disposal may also be
infeasible, must include field investigations covering a period of 13 months. The purposes
of the studies are to: 

o 	 Characterise the existing conditions; 

o 	 Define outfall design alternatives and their impacts and costs; and 

o 	 Provide a basis for the design of a monitoring programme to assess actual impacts 
after construction. 

In outline, the study components should include: 

o 	 Conducting a biological field programme 

This work will include three-monthly sets of measurements of primary productivity
at four locations. These locations will be chosen to represent both potential outfall 
discharge areas and major marine habitats. Productivity should be assessed at the 
surface, mid-depth and the bottom by water sampling and measurement of 
nutrients, carbon-14 uptake, and chlorophyll. Bottom grab samples should be 
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taken on two occasions and sieved for identification and counting of the organisms 
retained. The fish community should be evaluated through interviews with 
fishermen and by observation of their catches. 

o Conducting physical oceanographic studies 

Observations should be made, at intervals of no more than one month, of near
surface and mid-depth current movements, for correlation with wind vector and tide 
level observations at Raysut. These current observations could be made either by 
the use of floats and drogues or, if they can be left in place without interference by 
fishermen, by implanted current meters. 

o Conducting chemical and bacteriological studies 

Samples should be taken monthly from the four biological sampling sites, as well 
as at several locations in the surf zone, and in Raysut Harbour, and analysed for 
dissolved oxygen, BOD, and total coliforms. Bottom samples taken monthly at the 
four biological sampling locations should be analysed for heavy metals and total 
organic content. 

o Identifying bathymetry 

Bottom profile and soil conditions will be investigated on three alignments generally 
at right angles to the shore. Surveys will proceed from the shoreline to a point on 
each alignment 6,000 m from the shore. Along each alignment, and on tracks 
parallel to each alignment 50 and 100 m from it on each side (a total of five tracks 
per alignment), bathymetry, subbottom profiling and sidescan sonar data will be 
acquired. Such data will also be acquired on 300 m long tracks intersecting the 
alignments at right angles at intervals of 200 m from the shoreline to the 6,000 m 
mark. 

o Evaluating possible impacts of effluent disposal 

For disposal at locations offshore from the general vicinity of the selected 
reclamation plant site, the content and impacts of effluent components and 
characteristics should be estimated. These calculations should take into account the 
expected travel time to zones of human use and faunal habitat, dilution, die-away 
and other effects. A risk analysis should be performed, taking into account both the 
characteristics of the proposed wastewater reclamation plant and the observed 
oceanographic conditions. 

o Feasibility Analysis and Basis of Design Report 

Prepare a report which describes the studies conducted, conclusions drawn, 
evaluation of impacts, feasibility of, and basis of design for, standby marine 
effluent disposal. 

N.3.1.2.3 Design and Services During Construction 

The design and construction phases of the Central Wastewater Systems consultancy should 
cover detailed design, pre-contract services, services during construction, and special 
studies. 

Suggested material for consideration regarding possible consultancy terms of reference for 
these services were presented in the Priority Works Report as Appendix D. 

Among the key provisions in Appendix D of the Priority Works Report are the following: 
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o Preparation of an Outline Design Report and draft EIS in the format of Form L (see
Section N.3.1.2.4 below on the timing of such presentation); 

" Completion of detailed civil works designs, tender documents and construction cost 
estimates within eleven months of approval of the Outline Design Report; 

o 	 Fast track preparation of invitations to bid, and award of contracts, for major
equipment supply and delivery, in order to make such awards six months ahead of 
civil works awards, and so to minimise overall construction time and enable facility 
startup in mid 1995; 

o 	 Provision for the successful equipment bidders to become the Nominated 
Subcontractors of the successful civil tenderer, in order to optimise both Client 
control over equipment quality and unity of contractor responsibility for the whole 
project; 

" 	 Prequalification of both equipment bidders and treatment plant and pump station 
tenderers, in order to limit tendering for the major works to experienced and 
qualified tenderers, minimisL tendering time, and reassure equipment bidders that 
they do not risk becoming a subcontractor to an unqualified civil contractor; 

" 	 Provision of engineering services including preparation of: a plant operation
manual, maintenance manuals, record drawings, and tender documents for the 
contract operation of the works for a five-year period, and 

" 	 Special studies, including: study of petroleum-based wastes; establishing a 
monitoring programme, and preparing management guidelines for the authority. 

The design and tender document preparation phase, presented in more detail in the Priority
Works Report, should in summary include: 

o 	 Preparation of Outline Design Reports on the Sewerage System, the Reclamation 
Plant, the Recharge System, and the Standby Disposal Facilities (see Section 
N.3.1.2.4 below on timing) including: 

The conclusions drawn from prior studies and, in the case of the recharge
and disposal systems, comparative costs of the alternatives, 

The proposed system and facility layouts with key dimensions, pipeline
diameters, principal and critical materials, major unit functions and 
capacities, and identification of principal competing utilities, 

Principal design criteria, 

-	 The proposed construction contract packages, 

-	 Land-taking requirements, and 

-	 Updated estimates of cost; 

o 	 Preparation of draft ElSs in the format of Form L (see Section N.3.1.2.4 on 
timing); 

" 	 Checking with the electricity, telephone, communications and other authorities to 
identify potential interferences; 

o Comp!etion of detailed designs, tender documents and construction cost estimates. 
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Precontract services should comprise provision of assistance in contractor prequalification,
 

tendering and award.
 

Services during construction should include:
 

o 	 Providing contract administration and technical support; 

o 	 Contract monitoring; 

o 	 Evaluating contractor proposals; 

o 	 Test witnessing; 

o 	 Measuring the work and certifying progress; 

o 	 Preparing progress reports; 

o 	 Preparing maintenance manuals; 

o 	 Compiling record drawings; 

o 	 Administering and recommending action on claims; and 

o 	 Observing commissioning and conducting final inspection. 

N.3.1.2.4 Timing 

The relationships between and timing of the proposed pre-design investigations are shown 
in Figures 5.6, 5.9 and 9.1 in the main report. 

It is particularly important that the injection disposal study be started early so that, if the 
result is negative, oceanographic studies can be organised and started later in 1992. This
will enable outfall design over a six-month period with some overlap with completion of 
the studies, followed by a six-month tender and award period, three months for contractor 
mobilisation and nine months for outfall construction, with completion by mid-1995. 

N.3.1.3 Second Phase Water Supply Facilities 

Consultancy services will be needed for the Second Phase water supply facilities (which 
are also to be completed in 1995). These facilities will augment the capacity of the system
but do not include minor distribution pipelines or service connections. 

The works to be designed are listed in Table 5.5 and consist, in summary, of 
approximately 34 km of water mains, five reservoirs of 4,500 cu m capacity each, and a 
booster pump station of 130 L/s capacity. 

The services should include: 

o 	 Review of the den iand and flow projections herein, and conducting all necessary 
network analyses of flows and pressures; 

o 	 Reviewing the Authority's standards and practices for pipe materials, coatings, 
pressure classes, system design pressures, facilities on private premises, road 
crossings, locations of pipelines in streets, cover over pipelines, thrust blocks, 
surge control, maintenance of chlorine residuals, pressure testing of pipelines,
disinfec:ion before going into service, and other matters, and making
recommendations on such matters; 
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o 	 Checking with the electricity, telephone, communications and other authorities to 
identify potential interferences; 

o 	 Presenting to the Authority, within three months of the start of the consultancy, a 
Phase 2 Water Supply Basis of Design Report presenting: 

- The results of the above studies; 
- The proposed network layout with key dimensions, pipeline diameters, 

materials and principal competing utilities identified; 
- Major facilities identified and given key dimensions; 
- Principal design criteria; 
- The basis on which contract packages are proposed to be identified; and 
- Updated estimates of cost; 

" 	 Completion of detailed designs, tender documents and construction cost estimates 

within ten months of approval of the Phase 2 Water Supply Basis of Design Report; 

o 	 Provision of assistance in tendering and award; and 

o 	 Provision of construction management services including: 

- Providing contract administration and technical support; 
- Contract monitoring, 
- Evaluating contractor proposals and giving instructions, 
- Test witnessing, 
- Measuring the work and certifying progress, 
- Preparing progress reports, 
- Preparing maintenance manuals, 
- Compiling record drawings, 
- Administering and recommending action on claims, and 
- Observing commissioning and conducting final inspection. 

N.3.1.4 Wadi Qaftawt Wastewater System 

N.3.1.4.1 Overview 

Consultancy services will be needed for the Wadi Qaftawt system in both Phase 2 and 
Phase 3. These services consist of: (a) improvements to the stabilisation pond plant and/or 
effluent disposal system as part of Phase 2 (in the Fourth Five-year Development Plan), 
and (b) development of the Wadi Qaftawt system for liquid trade wastes management (in 
the Fifth Five-year Plan). 

N.3.1.4.2 Plant and Effluent Disposal Upgrading 

The consultancy for the upgrading of the Wadi Qaftawt wastewater treatment plant should 
have four phases: investigations; design and preparation of tender documents; precontract 
services; and services during construction. There is less urgency to begin this consultancy 
than that for the Central Wastewater System. The tertiary treatment testing programme 
cannot begin until the stabilisation pond system is loaded, stabilised alid producing 
effluent. With allowance for a twelve-month consultant selection process, a nine-month 
testing programme followed by a nine-month design phase, with allowance of 15 months 
for tendering, award and construction of the improvements, can put the new works on line 
at the end of 1994. 

The investigations phase should have two components (a) pilot testing at the stabilisation 
pond plant, and (b) industrial wastes studies (which were presented in the Priority Works 
Report as part of the Priority Works consultancy but which are more closely related to the 
Wadi Qaftawt system). 
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(a) Pilot Testing at the Stabilisation Pond Plant 

The programme will require nine months and includes the design and performance of a 
programme of pilot treatment operation and monitoring covering a period of at least four 
months of actual testing at the Wadi Qaftawt plant. On the basis of these studies, the 
consultant should: 

o 	 Recommend any measures that may be needed to improve effluent disposal; 

o 	 Make recommendations regarding plant effluent quality upgrading; and 

o 	 Prepare a Treatment and Disposal Improvements Report which describes the studies 
conducted, conclusions drawn, evaluation of options, feasibility and desirability of 
meeting the effluent standards, and recommending action to be taken. 

The treatment plant upgrading options to be studied include: 

o 	 Overland flow; 

o 	 Reed beds; and 

o Intermittent sand filters. 

The field investigations should include: 

o 	 Preparation, within one month of the start of the consultancy, of an Inception 
Report which presents: 

- The design of proposed flow measurement and control facilities for the existing 
effluent drain and experimental units, with draft construction drawings and 
specifications; 

- The outline design of the proposed pilot intermittent sand filter, with key
dimensions, levels and definitions of materials to be used; 

- The proposed programme of construction, installation and amendment of facilities, 
including definition of agreed actions by the consultant, the Authority and others; 

- The planned programme of operation and monitoring of the reed bed, overland flow 
and intermittent sand filter facilities; and 

-	 The proposed staff and other inputs by the consultant. 

" 	 Design of (a) a flow measurement flume for installation in the main effluent drain, 
(b) flow measurement weirs for installation in the influent or effluent lines serving
both the reed bed and the overland flow bed, and (c) control valves for installation 
on the influent lines to the reed bed and overland flow bed; and preparation of 
construction contract documents for their installation; 

" 	 Provision of services during construction and installation of the control valves and 

flow measurement devices; 

o 	 Provision of a pilot intermittent sand filter unit consisting of: 

-	 Four 55 gallon drums, modified and painted, with underdrain systems and 
sand media, mounted on a stand, 
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A portable pump, standby pump and flexible hose for loading the filter units 
from the final maturation pond, and 

Four receiving 55 gallon drums, modified and painted, with valved outlets, 
to receive the filtered flow for sampling and batch volume measurement, 
and a temporary drain pipe to the final effluent drain. 

o 	 Planning and direction of the operation of the existing experimental overland flow 
and reed beds; 

" 	 Operation and monitoring of operation of the pilot intermittent sand filter unit, and 
monitoring of operation of the overland flow and reed beds, including maintaining 
an hourly log book available for inspection and to be turned over to the Authority 
on completion of the study; 

o 	 Arranging for the analysis of samples of wastewater and effluent, including paired 
comparative analyses as appropriate; and 

o 	 Preparation of a Treatment Studies Report that summarises the work done and 
draws conclusions from it. 

The pilot intermittent sand filter should be loaded at the equivalent of about 0.5 cu m/sq 
m/day, with one bed wet, one drying, one being cleaned, and one on standby. Loading
should be done twice daily by pumping from the maturation pond. 

Samples should be taken twice daily of the inflow and outflow of each test unit, and daily 
from the outlet of each pond, and tested for temperature, pH, BOD and suspended solids. 
Samples should be taken daily from the test unit inflow and outflow and weekly from each 
pond outlet and tested for Kjeldahl, nitrate and total nitrogen, and phosphorus. 

Also included in the study phase should be the preparation of a Treatment and Disposal 
Improvements Report which presents and compares the options for the upgrading of the 
treatment plant and effluent disposal system. This report should be submitted in draft 
within one month of the receipt of comments on the draft Treatment Studies Report. It 
should consider not only the addition of further full scale treatment units but also the 
possibility of improving 'he disposal of effluent. For example consideration should be 
given to filling the wadi bed partially with coarse material from the alluvium on either side 
of the wadi, and extending the effluent discharge pipe, so as to prevent exposure of the 
effluent. On the basis of evaluations of the potential impacts of effluent discharges, a 
recommendation should be made for the upgrading of the facilities, including the provision 
for monitoring. A clear statement should be included as to whether it is necessary to 
propose a variance from the effluent quality regulations. 

To assess the impact of the disposal of effluent, it will be necessary to drill observation 
bores in the vicinity of the s::e and to conduct hydrogeological surveys and establish a 
baseline of water quality data. The proposed monitoring system should address: 

o 	 The thickness of aquifer material at the disposal site; 

o 	 The water quality of the water table at the disposal site and up to 2.0 km down 
gradient from it; 

o 	 Water levels in observation bores; and 

o 	 Water quality of any occurrences of surface water within 2.0 km down gradient 
from the disposal site. 
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(b) Industrial Wastes Study 

The consultant should identify industrial waste control needs and prepare an outline 
monitoring, sampling and control programme. Consideration should be given for possible
inclusion in this programme: in-factory inspections; sampling and analysis; capabilities
needed at the Wadi Qaftawt treatment plant or other laboratory; staffing needed for
inspection, sampling and enforcement; needs for relocation of industries and the 
administrative coordination needed to accomplish this; timing, in view of the spectrum of 
current and probable industries and the need to minimise and defer costs wherever possible;
and any needed regulatory measures. 

The consultant should take as the primary data base for this analysis the studies conducted 
during the preparation of the Masterplan, supplemented as appropriate by new field studies.
These studies will form a key basis for the Phase 3 development of the Wadi Qaftawt
Wastewater System. 

The components of the design, precontract and services during construction phases would 
parallel those indicated in Section N.3.1.2.3 above for the Central Wastewater System
consultancy. 

N.3.1.5 Third Phase Water Supply and Wastewater Facilities 

Third Phase water supply and wastewater facilities (to be completed in 2000) similarly need 
consultancy design and construction management services, unless the construction 
component is pre-empted by privatisation. 

The wastewater consultancy will need to cover: 

" 	 The conveyance to either the Wadi Qaftawt or the Central Wastewater System of 
industrial area wastewaters; and 

" 	 Plant capacity expansion and any other improvements to accommodate such 
wastewaters. 

The water supply consultancy will need to address the provision of the facilities listed in 
Table 5.5 in Chapter 5 for Phase 3. 

N.3.2 	 Water and Wastewater Utility Twinning Assistance Consultancy 

As indicated in section 6.4.5 of this report, it is proposed that a long term twinning
arrangement with a mature water supply and wastewater utility be set up. The objectives 
are to provide management skills and techni]ogy transfer to the staff of the Salalah 
authority, as well as forums for exchange of ideas and experience, and lasting institutional 
arrangements on which both parties can draw. 

Assistance is needed in the establishment and, if possible, the sponsorship of the twinning 
arrangement. It is therefore proposed that the assistance of an international funding
organisation be sought both to: (a) sponsor a consultancy to help in the establishment and 
future oversight of the twinning arrangement, and (b) support the costs of the twinning 
arrangement itself. 

The tasks of the consultancy will be to: (a) establish the objectives and timing of the 
programme; (b) prepare terms of reference for the foreign partner; (c) establish the criteria 
by which the foreign partner will be selected; (d) assist the authority to identify the foreign
partner, including canvassing and evaluating potential twinning partners, and proposing the 
selection of one of them, (e)draft the twinning agreement and assist in its execution; and
(f) propose procedures nad staffing for the authority to monitor and evaluate the twinning 
programme, and (g) provide brief annual oversight and guidance visits. 
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This consultancy should be implemented in the third or fourth quarter of 1992, so that the 
twinning arrangement can begin early in 1993, prior to the final stages of planning of 
system operations and of the house connection and irdustrial waste programmes. 

The goals of the twinning programme should include: transfer of the experience of 
managers and trainers with current relevant utility experience; learning from the networking
and information sources available to the foreign partner; obtaining recommendations on 
specific problems faced by the Salalah authority that have been or are currently being dealt 
with by staff of the foreign partner; transfer of technology and understanding by personnel 
exchanges and inspection visits; and e':ablishing the basis for a long term relationship that 
will continue to be bepeficial after the und ..f the initial twinning contract. 

Among the twinning pi'ogramme components to be considered for inclusion by the 
consultants should be: 

o 	 Consulting inputs by the foreign partner in relation to: 

- Establishing management staffing needs, 
- Preparing position descriptions and qualifications, 
- Recommending management systems and procedures, Training programme 

design, and 
- Training of trainers; 

" 	 Provision of training by the foreign partner, both through visiting trainers and at its 
facilities; 

o 	 Joint staff participation in research technical society affairs, conferences, 
distribution of technical journals, and preparation of technical papers; 

o 	 Short term staff exchanges, including participation in training courses and seminars; 
and 

o 	 Exchanges of training materials, publications, procedure manuals alld other 
documentation. 

Among the twinning partner selection criteria to be considered should be: 

o 	 Relevance of technologies in use or proposed; 

o 	 Prior twinning experience; 

o 	 Availability and willingness to participate of staff with the specific skills and 
experience needed under both the subcontract and cooperative agreement 
arrangements; 

o 	 Staff having international exposure; 

o 	 Behavioural factors; 

" 	 Capability and interest in participating in such activities as technical assistance, 
study tours and exchange programmes, accessing third-party institutions and/or
individuals to augment in-house resources, technical correspondence and 
networking, and provision of copies of policies, procedures and manuals; 

o 	 Administrative and logistic support capabilities; and 
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o Willingness to commit in principle to and nurture a long-term twinning relationship 

(beyond the time frame contemplated for the initial twinning contract). 

The twinning agreement should provide a basis for: 

o 	 Agreed objectives, milestones and measures of success; 

o 	 A small joint management committee representing the two partners, with key 
procedures defined; 

o 	 The principal programme components; 

o 	 Annual planning and reporting; 

o 	 Procedures for identification and acceptance of persons of each authority to visit 
and/or assist the other; 

o 	 A budget to support the twinning programme, with the budget sources identified; 

o 	 Participation of relevant personnel of each authority in the programme, subject to 
availability; 

o 	 Either party to terminate, on due notice to the other; 

o 	 Period of validity (suggest five years); and 

o 	 Intent in principle to extend beyond the initial period. 

It is envisaged that the consultancy would involve input totalling about 3 pe!rson-months of 
professional services in 1992 and about 2 weeks per year after that. Two persons and three 
visits to Oman in 1992, and one person making one visit each year after that are suggested. 

N.3.3 	New Water Source Investigations 

N.3.3.1 Objectives
 

The objectives of the investigation of new water sources should include the following:
 

o 	 Determine the lateral extent of block faulting and major fissure development along 
the Western and Eastern Jebel Front and in the Wadi Darbat area and the degree of 
interconnection between the various fault systems; 

o 	 Determine the extent, capacity, potential yield and quality of the groundwater 

systems; 

o 	 Define the relationship between the brackish and fresh water aquifer systems; 

o 	 Calculate or measure by pumping, meaningful long-term hydraulic characteristics of 
the aquifer system and quantify both the exploitable and total groundwater reserves; 

o 	 Attempt to determine the relationship between Jebel rainfall and Jebel Front bore 
hydrograph response, as part of a detailed assessment of recharge to the Salalah 
Plain; 

o 	 Determine the nature, extent and hydraulic characteristics of any aquifer units 
underlying the wadis; 
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" 	 Quantify these groundwater reserves and, where possible, define the
interrelationship between these aquifers and recharge from the Jebel Front; and 

o 	 Establish monitoring bores to assess seawater intrusion to the Taqah and Mirbat 
wellfields at Wadi Darbat. 

N.3.3.2 Work Plan 

The water resource investigation should comprise a hydrogeological assessment of existing
data followed by field studies including geophysical surveys, exploratory drilling and 
pump testing and water quality analysis. Such a programme is now being undertaken by
the Ministry of Water Resources and the results of this work should feed directly into the 
Second Phase Design Consultancy of the Masterplan. 

It is anticipated that the water resource investiga:Jon should be completed over 36 weeks
provided two drilling rigs and a pumping test rig operate simultaneously. To analyse and
plan the project, it is proposed that the work be divided into three phases, each with a series 
of tasks. 

Phase I - Field Investigations
 

Task I.A: Review of Existing Data and Preparation or
 
Drilling Documents
 

This task comprises the following activities:
 

o 	 Visit each of the study areas; 

o 	 Study existing data and reports; 

o 	 Study aquifer distribution and characteristics; 

o 	 Review aerial photographs and satellite imagery; 

o 	 Analyse existing hydrochemical data; and 

" Prepare tender documents for drilling, test pumping and geophysical logging of 
exploration bores and issue to pre-qualified contractors. 

Each of the study areas should be visited to determine local geological conditions, noting
the location of springs, shallow wells and boreholes and accessibility for drilling rigs and 
heavy vehicles. 

Relevant data and reports held by the various Ministries and government departments
should 	be examined. Where possible, contour plans of marker horizons, maps of
hydrochemical domains within the groundwater and longitudinal borehole sections should
be compiled. It is proposed that aerial photographs and satellite imagery be used to map
lineaments, faults and major fissures. 

Following the process of reappraising and reviewing existing data it should be possible to
identify areas of potential supplementary water resources requiring further evaluation. 

Task 	 I.B: Prelininary Field Studies 

Preliminary field studies should be initiated io obtain further information from the existing
boreholes within the study areas, including those in the central fresh water zone. Within 
this task, the following work is proposed: 
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o 	 Compile data on all existing wells, including depth, depth to water, water quality 

and yield: 

o 	 Survey the wellhead elevations of existing bores not previously surveyed: 

o 	 Conduct downhole conductivity profiles of existing bores; 

o 	 Conduct electromagnetic surveys across the Jebel Front; and 

" 	 Complete reconnaissance visits, select drill sites and improve access as necessary to 
permit the movement of drilling equipment. 

A qualified surveyor should determine the elevations of all locations not previously
surveyed. Downhole conductivity profiles on all existing bores drilled by MWR into 
brackish groundwater in the Western and Eastern Jebel and those deep bores drilled at the 
Jebel Front in the central fresh water zone should be conducted. This would provide the 
opportunity to evaluate salinity stratification in the individual bores and lateral variations 
across the Jebel Front. 

To determine the width of the fracture and fault systems developed along the Jebel Front, it 
is proposed that a series of magnetometer transects aligned approximately north-south 
across the main fault zones be run. The transects would be approximately 2-3 kmi long and 
completed every I km along the Jebel Front. In areas of specific interest, a 500 in spacing
should be used. Where possible, transects should be run through existing boreholes so the 
structure inferred from the survey can be correlated with previous drilling results aid the 
downhole conductivity profiles. 

After reviewing the data collected during Phase I, areas of specific interest should be 
identified, the necessary exploration permits obtained from the relevant authorities and drill 
sites prepared. 

Phase 	- 2 Exploratory Drilling and Pump Testing 

Following the appointment and mobilisation of a drilling and pumping test contractor, the 
main field investigation would be initiated. Four tasks are proposed: 

Task 2.A: Test Pumping of Existing Boreholes 

Pumping tests should be completed on all existing MWR exploration bores drilled into the 
brackish groundwater in the Eastern and Western Jebel Front. These bores should be 
pumped continuously for periods up to 7 days to allow the recharge and barrier boundary
conditions to develop, and to obtain estimates of effective long-term hydraulic
characteristics. Water levels should be measured both in the pumping bore, nearby
observation points e.g. springs and shallow wells and adjacent Jebel Front exploration
bores. At regular intervals during the test, samples of discharge water should be collected 
and on-site measurements of electrical conductivity, pH and temperature taken. One litre 
water samples should be collected at the beginning and end of each tes, and analysed for 
major anions and cations. 

Task 2.13: Western Jebel Deep Drilling and Pump Testing 

It is proposed that approximately eight exploration bores (168 mm diameter) be drilled to an 
average depth of 3X) metres, using air iotary hammer techniques with foam. Drill cuttings
should be collected every three metres and logged onsite by the supervising geologist.
During drilling, a record should be kept of penetration rates, lost circulation 2.ones,
intersections of water bearing horizons, air lift yield and EC of water returns. After 
reaching the target depth, a suite of downhole geophysical logs inciuding gamma, caliper 
neutron, SP and resistivity should be run. Subject to ground conditions the hole should be 
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airlifted for a maximum of 8 hours. Dependent on the results, the bore may be upgraded to 
a test pumping hole or completed as an observation bore with heavy duty 100 mm uPVC 
water pipe. Existing MWR exploration bores, should be used as observation bores for 
some of the pumping tests. 

The test pumping bores should be reamed and completed with 324 mm nominal diameter 
steel casing, slotted over the aquifer zones of low salinity brackish water and the bore 
developed by air surging and jetting (if necessary). These bores are unlikely to be 
completed at depths greater than 200 metres and will be capable of being fitted with 
production pumps if required in the future. 

After bore construction is completed, it is proposed that a pumping test programme
comprising a multi-iate step test with recovery between each step and a 7 day constant rate 
test be undertaken. 

Task 2.C: Eastern Jebel Deep Drilling and Pump Testing 

Approximately four exploration bores may be drilled along the Eastern Jebel Front between 
Wadi Khaysh and Wadi Tubrok, with an average depth of 200 metres. The methodology
for the drilling and testing of these wells would be the same as described in Task 2. 

Task 2.D: Wadi Darbat Shallow Drilling and Pump Testing 

To investigate the groundwater reserves on the plain adjacent to Wadi Darbat a drilling 
programme of approximately twelve exploration wells to an average depth of 80 metres is 
proposed. These holes should be drilled 168 mm diameter using air rotary techniques with 
foam. 

Drill cuttings should be collected every metre and logged on site by the supervising
geologist. As with the Jebel Front programme, detailed records should be kept of 
penetration rates, water intersections, inflow zones, air lift yields and the EC of water 
returns and a suite of geophysical logs run. The hole would be completed either as a test 
production hole with 324 mm steel casing slotted over the appropriate section, or as an 
observation hole with 100 mm PVC casing. At those sites where test pumping bores are 
installed, an observation well should be drilled 10 metres away. After development, the 
completed bores should be test pumped. The pumping test programme should comprise
muli-rate step drawdown tests with recovery between each step and 7 days constant 
discharge test. 

Phase 	3 - Analysis and Reporting 

The tasks proposed to be completed during this phase include: 

o 	 Analyse the drilling, pumping test and hydrochemical data collected during the 
Phase I and Phase 2 programmes; 

o 	 Determine the lateral and vertical extent of the block-faulted and fissured aquifer 
systems along the Jebel Front and Wadi Darbat areas on the basis of the drilling and 
test pumping results; 

0 	 Calculate the volume of the water reserves, water quality characteristics, the 
recharge capacity of the aquifers and the potential yield of the aquifer systems for 
each of the three study areas; 

0 	 Establish monitoring requirements for protection of the water reserves and identify 
any areas where further work maybe required; and 

o 	 Prepare a report. 
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N.3.3.3 Project Schedule 

To minimise the time required to complete the project, it is proposed that two drilling rigs
and a separate pumping test unit be used. The pumping test unit would have its own 
lifting device and be capable of installing and removing the pumping test equipment. The 
rigs would operate 24 hours per day, 5 days per week and the pumping test equipment 
would operate 7 days a week as necessary. 

The anticipated period to complete the works are as follows: 

Western Jebel 18 weeks
 
Eastern Jebel 6 weeks
 
Wadi Darbat 12 weeks
 

N-35 
A 



APPENDIX 0 

Water Quality Analyses - Salalah Urban Supply 



APPEN11X 

Water Quality Analyses - Salalah Urban Supply 

0.1 Introduction 0-1 

0.2 Sampling Procedure 0-1 

0.3 Scope of Analyses 0-1 

0.4 Discussion of Results 0-2 

0.5 Conclusions and Recommendations 0-4 

Table 0. 1 Detai!s of Water Samples 0-2
Table 0.2 Ti-ditional Parameters 0-5 
Table 0.3 Metals 0-5 
Table 0.4 Total Petroleum Hydrocarbons 0-6 
Table 0.5 Volatile: Organicr, 0-6
Table 0.6 Semi-Volatile Organics 0-7 
Table 0.7 Organohalogen Pesticides 0-8
Table 0.8 Acid Herbicides 0-8 
Table 0.9 Organonitrogen Pesticides 0-9 
Table 0.10 Organophosphor-is Pesticides o-10 



APPENDIX 0 

Water Quality Analyses - Salalah Urban Supply 

0.1 Introduction 

The first phase of the Water Quality Sampling and Analysis Programme began in December 
1991 when samples were collected from the Saada and Salalah reservoirs and wellfields 
and submitted for .nalysis. This was the first stage of a two-phase process aimed at 
determining the "erica! characteristics of groundwater in the Salalah area. The study has 
three objectives: 

i) 	 To assess the degree of contamination of the Salalah Plain aquifer resulting from 
agricultural, industrial, commercial and domestic activities; 

ii) 	 To compare water quality parameters with recogr ised international standards and so 
to identify potential problems in using the water as a potable supply; and 

iii) 	 To establish a baseline and basis for routine groundwater quality monitoring on the 
Salalah Plain in the future. 

This report presents the key finidings of Phase I of the study. A second phase of sampling
and analysis will be carried out in January 1992. 

0.2 Sampling Procedure 

The samples were taken over a four-hour period on Wednesday 4th December 1991. Two 
samples were taken at each of four sampling points. The samples are described in Table 
0.1. 

As the samples were taken they were packed into insulated boxes with frozen cooler packs
and vermiculite. At the completion of the sampling the boxes containing the water samples 
were sent by air freight to Muscat and then transferred to a flight to London which left 
Muscat at 2330 on the same day - Wednesday 4th December. The samples arrived at the 
laboratory in Cambridge, UK at 0920 (GMT) on 6th December 1991. The temperature of 
the samples had risen to 12 oC, but this was not considered to be a problem for the 
analysis. 

0.3 Scope of Analyses 

Approved analytical protocols were followed to provide quantitative analysis for the 
following parameters: 

o 	 Priority Metals (antimony, arsenic, beryllium, cadmium, chromium, copper, lead, 
mercury, nickel, selenium, silver, thallium, zinc, calcium, magnesium, manganese, 
potassium, sodium); 

o 	 Volatile Organic Compounds; 
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o 	 Semi-Volatile Organic Compounds; 

o 	 Organohalogen Pesticides; 

o 	 Organophosphorus Pesticides; 

o 	 Organonitrogen Pesticides; 

o 	 Acidic and Phenolic Herbicides; 

o 	 Analysis and Measurement of Traditional Parameters (pH, alkalinity, hardness, 
electrical conductivity, chloride, BOD, COD, sulphate, nitrate, nitrite, 
orthophosphate, dissolved solids); and 

o 	 Total Petroleum Hydrocarbons. 

Table 	0.1 Details of Water Samples 

Sample Sample Location Time Temp EC pH 
No. Taken (oC) (uS/cm) 

SWM 1 Saada - inflow to reservoir, 0800 29.1 850 7.4 

before chlorination 

SWM 2 Same as SWM 1 0830 29.1 850 7.4 

SWM 3 Salalah - inflow to reservoir, 0930 30.5 870 7.2 
before chlorination 

SWM 4 Same as SWM 3 1000 30.5 870 7.2 

SWM 5 Salalah - outflow from reservoir, 1015 29.4 870 7.1 
after chlorination 

SWM 6 Same as SWM 5 1030 29.4 870 7.1 

SWM 7 Salalah Wellfield - well TPI0 1045 31.9 930 7.2 

SWM8 Same as SWM 7 1115 31.9 930 7.2 

0.4 Discussion of Results 

The analytical results for the samples of water taken from the Saada and Salalah Wellfields 
are compiled in Tables 0.2 through 0.10, together with World Health Organisation 
(WHO) and UK/EEC standards for the quality of drinking water. 

The referenced standards represent concentrations of chemical constituents that ensure an 
aesthetically pleasing water and do not result in any significant risk to the health of the 
consumer. 
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The following conclusions can be drawn from these data: 

" 	 Contaminants falling into the fcllowing analytical groups were not detected in 
concentrations which are likely to) epresent a risk to health. 

- Traditional parameters (Table 0.2);
 
- Petroleum hydrocarbons (Table 0.4);
 
- Volatile organic compounds (Table 0.5);
 
- Semi-volatile organic compounds (Table 0.6);
 
- Organohalogen pesticides (Table 0.7);
 
- Acid herbicides (Table 0.8);
 
- Organonitrogen pesticides (Table 0.9);
 
- Organophosphorus pesticides (Table 0. 10).
 

" 	 Presence of metals (Table 0.3) were also generally found in the water samples at 
concentrations below the referenced standards. Silver and lead were two possible
exceptions to this: 

Silver was present at 60.7 ug/l in SWM 1, 56.0 ug/l in SWM 3, 53.8 ug/1 in
SWM 5 and 58.5 ug/l in SWM 7, compared to a standard in the UK of 10 ug/l for 
drinking water where silver is not used in the treatment process. 

Levels of silver in natural waters are generally very low. Published data suggest
that few sources contain more than I ug/l and levels of 10 ug/i are rare. The source 
of the elevated silver levels in the waters sampled from both the Salalah and the 
Saada wellfields has not been determined. 

Silver occurs naturally in elemental form and as various ores. It is used as a 
component of various alloys and solders. Because of their bacteriostatic properties,
silver salts can be used for water disinfection. Elevated concentrations could 
presumably arise as a product of the leaching of the metal from any alloys or solder 
containing silver that may be present in the well pumping systems. Furthermore,
the waters could simply naturally contain higher than normal background silver 
levels due to local geological circumstances. 

At the concentrations identified, it is unlikely that silver represents a significant
health risk. This conclusion is supported given that 80 ug/l, has been established in 
the UK as a standard for drinking water where silver is known to have been used in 
the treatment process. This standard exceeds the concentrations found locally. 

It is recommended that special attention is given to the measurement of silver as part
of an ongoing routine groundwater quality monitoring programme within the 
Municipality. 

Lead was present at 63.4 ug/; in SWM 3, 57.0 ug/i in SWM 5 and 62.1 ug/l in
SWM 7 compared to a standard established by WHO and in the UK of 50 ug/l for 
drinking water. All three samples with elevated lead were taken from the Salalah 
wellfield and reservoir. 

Published data suggest that levels of lead in natura! waters are generally between I 
and 10 ug/l. Higher levels have been recorded where contamination has occurred,
particularly from industrial sources. The levels in drinking water can be much 
higher owing to the use of lead service pipes. 

0-3 

- .0 



The source of the elevated lead levels in the waters sampled has not been
determined. Lead in the environment eyists almost entirely in the inorganic form.
It is used widely for a variety of purposes, including the manufacture of acid 
accumulators, solder, pigments, ammunition and alkyl lead compounds for
gasoline. As indicated above it has also been used in piping materials for potable
water. 

Similarly to silver, elevated concentrations of lead could presumably arise as a
product of the ieaching of the metal from any solders or pipes in the well pumping
systems. Furthermore the wateT could naturally contain higher than normal lead 
concentrations derived from naturally occurring geologic conditions. 

At the concenrations indicated it is unlikely that lead represents asignificant health
risk. However, it is recommended that special attention is given to the 
measurement of lead in the waters taken from both wellfields as part of an ongoing
routine groundwater quality monitoring programme within the Municipality. 

During Phase 2 of the Water Quality Sampling and Analysis Programme, efforts will be 
made to determine the source of the elevated levels of silver and lead in the Salalah 
groundwater. 

0.5 Conclusions and Recommendations 

In Phase I of this study, baseline water quality determinations have been made for waters 
abstracted from the Salaiah and Saada wellfields. 

The chemical analyses indicate that the local drinking water supply does not contain
indusLrial or agricultural derived contaminants at concentrations which are likely to pose a 
health risk to consumers. 

Silver in the waters sampled from the Salalah wellfield and lead in the waters sampled from
both the Salalah and Saada wellfields were present at concentrations above the referenced
drinking water quality standards. It is not thought that these metals pose an immediate
health hazard howevcr. It is recommended however, that special attention is given to their 
me-.surement as part of a routine groundwater quality monitoring programme within the
Municipality. The comprehensive set of analytes should also be routinely measured, but
the data obtained indicate that this can be undertaken on a less frequent basis. 

Dames & Moore have commenced Ph!ase II of the sampling programme. in this Phase,
critical water abstraction wells and khors have been identified in the industrial and
agricultural zones of Salalah. Water samples have been taken and the samples have been
submitted for analysis of a suite of poteatia! contaminants. 

The detailed results from both Phase I and Phase II will be compared to recognised water 
quality assessment criteria And aconcise interpretive report for the study will be prepared. 
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TABLE 0.2 Traditional Parameters 

Parameter Samle Station Standards for Potable Use 
SWM 1 SWM 3 SWM 5 SWM 7 WHO UK/EEC 

Total.Mkalinity 174 194 210 212 
(mg/L asCaCO3) 
Phenolphthalcin Alkalinity < 4 < 4 < 4 < 4 
(mg/L as CaCO3) 
BOD <5 <5 <5 <5 
(mg 021L) 
Cldonde 59 103 105 108 250 (AQ) 400 
(mg/L as CL) 
COD <5 <5 <5 <5 
(mg/L 02) 
Electrical Conductivity 640 740 760 820 1500* 
(microsicmens/cm) 
Dissolved Oxygen 9.3 8.5 9.1 10.3 NS 
(mg 02/1L) 
Nitrate 3.6 3.6 3.7 3.8 10 50 
(mg/L as N) 
Nitrite 0.02 0.07 0.05 0.03 NS 0.1 
(mg/L as N) 
Orthophosphate 0.03 < 0.03 < 0.03 < 0.03 
(mg/L as P) 
Sulphate 28 35 30 32 400 (AQ) 250 
(mg/L as SO4) 
Total Dissolved Solids 275 391 435 496 1000 (AQ) 

• Value at 20 Degrees C 
NS - No Set Value 
AQ - Aesthetic Quality Criteria 

TABLE 0.3 Metals (all units are ugfI) 

Parameter Sample Station Standards for Potable Use 
SWM 1 SWM 3 SWM 5 SWM 7 WHO UK/EEC 

Beryllium 6.6 7.29 7.21 7.86 
Cadmium 0 0 0 0 5 5 
Chromium 39.6 41.8 41.8 45.7 50 50 
Copper 31.2 32.7 16.17 27.4 1000 3000 
Lead 24.15 63.40* 57.00" 62.10* 50 50 
Nickel 0 0 0 0 NS 50 
Silver 60.700 56.00* 53.80* 58.50" NS 10(80) 
Zinc 163.6 176.2 110.2 138.9 5000 5000 
Arsenic 0 1.6 0 0 50 50 
Antimony 33.9 45.2 45.8 41.5 50 
Selenium 2.7 3.5 6.5 5.3 10 10 
Thallium 0 0 0 0 
Mercury 0.14 0.16 0.08 0.08 1 1 
Sodium 30570 46500 52740 60360 200,000 (AOJ 150000 
Potassium 2362 2910 2970 3280 12000 
Calcium 84120 79440 84880 87950 250000 
Magnesium 13230 14980 15790 16910 50000 
Manganese 0.72 0.26 0.5 1.05 1100 (AQ) 50 

* Concentrations> Standards for Potable Use 
NS - No Set Value 
AQ - Aesthetic Quality Criteria 
(80) Standard increases to 80 ugA if silver is used in treatment process 
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TABLE 0.4 Total Petroleum Hydrocarbons 

Para,ter Sample SNtaton 
SWMI SWh!3 SWMS 

Totjpec'laim 0 0 0 
Hydrocabons (maJL) 1 0 

(a) Expressed as Dissolved/Emuhlified Hydrocabons 

TABLE 0.5 Volatile Organics (all units are u&l) 

vu 

I,II-Trichloroefume 
SWM 1

0 

Sample Station 
SWM 3 SWM$

0 0 
1.l.2.2-Tetracldoelhane 0 0 0 
l,l,2-Tichlorocthme 
Il-Dichloroctham 
l.l-Dichlorocdvh.. 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1.2-Dictforoedhane 0 0 0 
1,2-Dichloropropane 0 0 0 
2-Hcxone (MBK) 0 0 0 
4-Mcthyl-2-petanone (MIBK) 
Acetone 
Benzene 

3(B) 
0 
0 

3(B) 
0 
0 

0 
3 
0 

Bromodichloromethane 0.1 0 0 
Bromofonn 1 0 2 
Bom etone 0 0 0 
Butmone (MK) 
CasbonDisulphide 

I(B) 
0 

0 
0 

0 
0 

Caron Tetrachlodde 9 0 0 
Qilorobenatne 0 0 0 
ClooctLhane 0 0 0 
Chloroform 0 0 0 
Otloromethame 0 0 0 
cis-l,2-Dichloropropent 0 0 0 
Dibromochlorcnmehane 0.6 0 0.1 
Dichloromedane 
E•hyl Benzene 

0 
0 

0 
0 

0.7(B) 
0 

Styrene 
Tetracldoroethene 

0 
0 

0 
0 

0 
0 

Toluene 
ra.s-1.2-Dicl'oroihane 

0.4(B) 
0 

0.3(B) 
0 

0.3(B) 
0 

n-,3-Dichloropopene 0 0 0 
Thichloroethme 0 0 0 
Vinyl Acetate 0 0 0 
Vinyl Chloride 0 0 0 
Xylene (onho)
Xylene (total meta and pars) 

0 
0 

0 
0 0 

(Ten.) -Tentative 
NS -No Set Value 
B - Compound eso detected in blank 
0 - Analysed for but notdetected 

Standards for Potable Use 
SWM7 WHO UKAMC 

0 0.01(a) 

Standards for Potable Use 
SWM 7 WHO UKI43C

0 3
 

0
 
0
 
0
 
0 0.3 (Tent.)
 
0
 
0
 
0
 

3(B) 
9
 
0 I0(Tent.)
 
0
 
0
 
0
 

0.7(B)
 
0
 
0 3 (at) 3
 
0 NS 
0
 
0 30 (Ten.)
 
0
 
0
 
0
 

0.9(B) 
0 
0 
0 10 (Tet.) 10 

0.3(B) 
0 
0 
0 30 (TenL) 30
 
0
 
0
 
00
 
0
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TABLE 0.6 Sml-Volatl. Organics (alt umits are u&A) 

Paametw Sl"-pk Staln 
SWM I SWM 3 SWM$ SWM 7 

A)Tag Cosepounds 
Aomph~be- 0 0 0 0 
Acen Ilbykne 0 0 0 0 
Ankao 0 0 0 0 
0DIU(a)IMMINCO 0 0.2 0.2 0.1 
Bnmzo(b)M-nauhene 0 0 0 0 
Banznm~l.rmthen a 0 0 0 
Beozo(g.bOlpaytme 0 0 0 0 
Bawo(s)pyrme 0 0 0 0 
Bmzoic ad 0 0 0 0 

anzyl aloohol 0 0 0 0 
4-BDroopbwyl-pbmyle'tc 0 0 0 0 
Butyllwbzybwt ue 0 0 0 0 
4-Moowmline 0 0 0 0 
bkhlo.odboxy)mothane 0 0 0 0 
bk(2-ClWooeby)lwh 2 0 0 0 
4-Coo-3-met.hsbwoI 0 0 0 0 
2oCoronapldhakne 0 0 0 0 
24 1kxopb-I 0 0 0 0.2 
4-okrophmyl-phmyt ether 0 0 0 0 
bis(2-hlou-i-propyl)ether 0.1 0 0 0 
Chrye 0 0 0 0 
DibIeuZ()WAntleno 0 0 0 0 
Dibie.furan 0 0 0 0 
Di.n,-bu jlylha,c 0 0 0 0 
1.2-Dicdlorokmzen 0 0 0 0 
1,3-Diwobenc 0 0 0 0 
I,4*DiWohbazew 0 0 0 0 
33-Dichlowbzidloe 0 0 0 0 
24-Dtdlooptmol 0 0 0 0 
DiedvItphlst 0 0 0 0 
Z4-Dimethylibenol 0 0 0 0 
Dmete ylpb ac 0 0 0 0 
4,6.DDinio-2.medylpbmol 0 0 0 0 
2.4-Dioltophoool 0 0 0 0 
2,4-Diiwomn 0 0 0 0 
2.6-Dktrotokww 0 0 0 0 
Di.n-octylphtlhuhs 0 0 0 0 
bh(2-Ehylhexyl)pthitlat 0 0 0 0 
FRmrme 0 0 0 0 
tFlbincene 0 0 0 0 
Haxw1lobai.ene 0 0 0 0 
Ilexaidorohsadiwm 0 0 0 0 
Hexwdorocyclopentdite 0 0 0 0 
Hexwliordhnmw 0 0 0 0 
lndmo(12.3-cd)pypne 0 0 0 0 
bophOroo 0.1 0 0.1 0 
2.Methyihnaodibs e 0 0 0 0 
2-Medhypheol 0 0 0 0 
4-Methylpf-ol 
Naphthalen 

0 
0 

0 
0.04(B) 

0 
0 

0 
0 

2-Nimuineko 0 0 0 0 
3-Nitromline 0 0 0 0 
4-Ninwoainlc 0 0 0 0 
Nitrobenae 0 0 0 0 
2-Niuopbmaol 0 0 0 0 
4-Niuupinol 0 0 0 0 
N-Nitroso-di*n-propyLamine 0 0 0 0 
N-Nitrodphmyini- 0 0 0 0 
pfltscbioo l 0 0 0 0 
t'bnanthmo 0 0 0 0 
Pno1 0 0.06(B) 0 0 
Pyrenc 
IZ4-Thkhoobatwz 

0 
0 

0 
0 

0 
0 

0 
0 

Z,4.5-Trhcbompbmot 
2.4.6-Tichbropbenol 

0 
0 

0 
0 

0 
0 

0 
0 

0 PAH Total 
Coria PAN - Total 
Phlhslan Total 
Oioropbmol - individual 
B) Tmtativey :ditlfled Compounds 
2-Bromo.1,3-Cycloedupmadone 12 0 16 0 
I-Bromo-2-Cllorob.izeno 12 0 24 0 
3.5-Dktdoro-2Hydroybenzaidehyde 10 0 0 0 
l-(4Coropbenyl)-.l-Penkm-3-O 9 0 0 0 
(3.Medoxyphmyl) Trimhyl Staane 0 0 16 0 
11.14-Epoxyltbenzo (ACO)... 0 0 10 0 

Targt Compounds - Fully quantitative date supplied for 65 priority seivolatl orlinic polluanits 
Tentatively Identified Compounds - Semi quantitative estimate of tLe cocntration of tentatively Identified 

(Ten.) - teative 
NS. No SetValue 
(B). Compowud alsodetected in blank 
0-Analysed for but not deted 
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Standards for Potable Un 
WHO UKJEEC 

0.01 (Teo) 

NS 

NS 

C 

10
 

0.5 

10 
0.2 
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TABLE 0.7 Organobalogen Pestiddes (all units are ugh) 

Sample StationParameter 
SWM I 

4,4-DDD 0 

4.4'-DDE 04,4'-DIYT 0Alachlor 0 

Aldrin 0 

alpha-HCH 0 

beta-HCH 0 

Captafol 0 

Captan 0 

Chlo bnlised 0 

Chlorhal-dimethyl 0 

Chlorthalonil 0 

cis-Chlordane (alpha) 0 

delta-HCH 0 

Diallae E/Z 0 

Dichlone 0 

Dichlorbenil 0 

Dieldrin 0 

Endosulfan 1 0

Endosulfan It 0Endosulfan sulphate 0 

Endrin 0 

Endrin adehydo 0 

Endnn ketone 0 

gamma-HCH 0 

Heptachlor 0 

Hleptachlor epoxide 0 

Hexachlorobenzne 0 

Hcxachlorobutdiene 0 

Hexachlorocycopentadin 0 

sodrtn 0.04() 


Methoxychlor 0 

Nitroyfen 0 

Quitozene 0 

Tcnazene 0 

Tens-Chordane (gamma) 0 

trans-PCrni(amin 0 

Trifluralin 0 

Pesticides & R0lat0d Products:
 
PtIndividual Substances 

* Total Substccs 

0 - Analysed for but not detected
 
B - Compound also detected in Blank
 

TABLE 0.8 Acid Herbicides (all units are ug/I) 

Parameter 
SWM 1 

Dicmba. 0 
2,3.6-TBA 0 
MCPP (mecoprop) 0 
MCPA 0 
Dichlorprop 0 
Bommoxynil 0 
2,4-D 0 
Chlorfenac 0 
Fenoprop (2,4,5-TP) 0 
2.4,5-T 0 
2,4-DB 0 
Dinoab, 0 
Pesticides & Related Products: 
, Individual Substances
*Total Substances 

0 - Analysed for but not detected 

SWM 7 
0 

0
00 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.06(B) 
0 
0 
0 
0 
0 
0 
0 

SWM 7 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Standards tar Potble Use 
WHO UK/EEC 

1 

0.03 

0.3 

0.03 

3 
0. 
0.1 

0.01 

30 

0.3 

0 
0.2 

Standards for Potable Use 
WHO UK/EEC 

100 

0.1 
0.2 

SWM 3 
0 

000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
0 
0 
0 
0 

0 

0 

0 

0 

0 


0.06(B) 

0 

0 

0 

0 

0 

0 

0 


SWM 5 
0 

000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0.06(B) 

0 

0 

0 

0 

0 

0 
0 

Sample Station 
SWM 3 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

SWM 5 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O.B 



TABLE 0.9 Orgnoaltrogen Pestiddes (all units are ug/l) 

Parameter 

Cyanuric chloride 
PrE 
Butylam 
VernClatc 
Pebulace 
Propacldor 
Atraton 
Simazine 
Prometon 
Atrazinc 
Propmzine 
Teibumeton 
Tcbuthylazine 
Tasacil 

Aziprotyne 
Pirimicarb 
Desmetryn 
Metribuzin 
Simecryn 
Ametryn 
Promelryn 
Taoutryn 
Bromacil 
Metalochlor 
Cyanannc 
Diphenamide 
Anilazine 
Butachlor 
Napropamide 
Carboxim 
Norflurazon 
Heazinone 
Iprodione 
Biertmol 
Pesticides & Related Products: 
*Individual Substances 
*Total Substances 

0 - Analysed for but not detected 

SWM I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Sample Station 
SWM 3 SWM 5 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

SWM 7 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

Stdardsfor Potable Use 
WHO UKJEEC 

0.1 
0.2 
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TABLE 0.10 Organophsphorus Pesticides (all units are ugA) 

Parnmeter Sample Station Standards for Potable Use 
SWM 1 SWM 3 SWM 5 SWM 7 WHO UKJEEC 

Acephate 0 0 0 0 
Azimphoathyl 0 0 0 0 
Azlnphos-methyl 0 0 0 0 
Bromophos-ethyl 0 0 0 0 
Bromophos-methyl 0 0 0 0 
CarbophenotHiot 0 0 0 0 
Chlorfenvinphos-E 0 0 0 0 
Chlorfenvinphos-Z 0 0 0 0 
Chlorpyrifos 0 0 0 0 
Chlorpyrifos-methyl 0 0 0 0 
Coumaphos 0 0 0 0 
Crotoxyphos 0 0 0 0 
Demeton-o 0 0 0 0 
Diazinon 0 0 0 0 
Dichlorfenthion 0 0 0 0 
Dichlorvos 0 0 0 0 
Dicrotophos 0 0 0 0 
Dimethoate 0 0 0 0 
Dioxathion-A 0 0 0 0 
Disulfotc 1 0 0 0 0 
EPN 0 0 0 0 
Ethion 0 0 0 0 
Ethoprophos 0 0 0 0 
Etrimphos 0 0 0 0 
Fenitrothion 0 0 0 0 
Fensulphottdon 0 0 0 0 
Fenthion 0 0 0 0 
Malaition 0 0 0 0 
Methacnifos 0 0 0 0 
Mevinphos 0 0 0 0 
Naled 0 0 0 0 
Parahion 0 0 0 0 
Parsthion methyl 0 0 0 0 
Phorae 0 0 0 0 
Phosalone 0 0 0 0 
Phosinet 0 0 0 0 
Phosphamidon-E 0 0 0 0 
Phosphamidon-Z 0 0 0 0 
Pirimiphox-methyl 0 0 0 0 
Prothdofos 0 0 0 0 
Sulfotep 0 0 0 0 
Sulprophos 0 0 0 0 
Ternephos 0 0 0 0 
Terbufos 0 0 0 0 
Tetrachlorvinphos 0 0 0 0 
Triazophos 0 0 0 0 
Trichlorfon 0 0 0 0 
Trichloronat 0 0 0 0 
Pesticides & Related Products: 
, Individual Substances 0.1 
,Total Substances 0.2 

0 - Analysed for but not detected 
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