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CIiAPTER 1

SUMMARY, CONCLUSIONS, AND RECOMMENDA110NS.

This chapter summarizes the contents of all other chapters of this report and
describes briefly the contents of the several appendices. Conclusions and
recommendations for the report are then presented.

CHAPTER Z - INTRODUCTION

The scope of work of this Master Plan Study for Wastewater Disposal for Greater
Amman Area is described. The Study Area (Greater Amman Area) is defined as
lying within a 30 kilometer radius of the center of Amman. The planning period is
to year ZOOO. The work is to be coordinated with a recent planning study by
another consultant for the Zarqa-Ruseifa area and its Industrial Wastes Study is to
be used.

CHAPTER 3 - PRESENT AND FUTURE SOClo-ECONOMlC CONDmONS

Data from various governmental agencies are analyzed. These involve
employment, income, land use, building restrictions and populations.
Governmental plans and policies are reviewed along with actual status of land
development. A declining growth rate is projected for the Study Area. The initial
rate is for 1979-1990 at 4.46 percent annual increase. The subsequent rate is for
1991-Z000 at 3.8 percent annual increase. The overall rate, beginning with the
November 1979 census and extending to the horizon planning year ZOOO, is 4..13
percent per year. The Study Area populations at 1990 and ZOOO are thus
projected.

Saturation populations are then projected for the Cities of Amman, Wadi es Sir,
Suweileh, Madaba, Sabab, and Na'ur from town plans, zoning, aerial photographs
supplemented by field reconnaissance, and calculations of housing waits and
population densities. Based upon trends, the saturation population of Amman is
projected to be realized within the period 1990"Z000, but saturation for the other
cities is projected to occur well beyond the horizon year ZOOO.

Amman's saturation population and the populations of Government-planned new
commwaities (Abu Nasair, SabablAirport City and Airport City - Jiza) are
deducted from the Study Area totals. The remaining populations are distributed
among the remaining cities, towns, villages, and refugee camps. This is done in
the light of Government policies, socio-economic data, established trends, and
professional judgment. The resulting population projections, plus 1979 census
data, stated in thousands, are as follows:
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Community 1979 1990 ZOOO

Amman 649 1,0ZO 1,305
Zuqa Z16 Z95 4Z1
Suburban Ring
(uound Amman) 16 74 Z50

Ruseifa 50 91 U5
Wadi es Sir Z5 39 6Z
Suweileh ZI 31 44
Salt 33 47 66
Madaba Z9 41 58
Musherfeh U 16 Z3
Na'ur 5 7 10
Abu Nasair 0 40 100
SabablAirport City 0 60 UO
Airport City - Jiza 0 15 Z5
Baqa'a Camp 45 45 45
Schneller Camp Z4 Z4 Z4
Towns Be VUlages 148 ZIZ 309

study Area Total I,Z73 Z,057 Z,987

Populations of Amman, Wadi es Sir, Madaba, Suweileh, Sahab, and Na'ur ue then
disaggregated by sub-areas for these years to provide data from which wastewater
production values may subsequently be developed.

CHAPTER" - PUBIJC HEALTH CONSIDERATIONS

Public health statistics are presented, discuued, and interpreted. The data relate
to Jordan in general and the Study Area in particular. Emphasis is placed on
infant mortality, principal waterbome diseases, pathogenic organism. found in
sewage, maximum acceptable level. for trace element. in drinking water, and
ho.pitalization morbidity and mortality statistics according to major groups of
illness. Special attention is paid to public health upects of refulee camp••

An aueument is made of the aspects of water quality and health. It is concluded
that the bacteriological quality of the public water supply of Amman, townships,
and villages from source to consumers' premise. is unsatisfactory at all points.

Provisions of wastewater collection, treatment, and proper disposal facilities for
the various communities within the Greater Amman Area is expected to improve
the health and well-being of the communities concerned and to protect the
environment. However, attainment of these goals is expected only on a long term
basis. The greatest benefit to be derived is that related to the control of water
borne diseases. This will be particularly true of the pj;'otection of children of
school age from such disastrous and frequently fatal diseases as gastroenteritis.
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Extreme cue should be exercised in the selection of the most appropriate
methodology for treatment, disposal and/or reuse of liquid waste. Reuse of
reclaimed elfluent for drinking and other domestic purposes appears premature for
technical reasons and lack of public acceptance.

CHAPTER 5 - PRESENT AND FUTURE WASTE LOADS

Available data on water and wastewater quantities and wastewater qualities are
analyzed. Water delivery data are projected as a means of aiding the wastewater
projections. The unit values are expressed in liters per capita per day (lcd) as
indicated below:

Area 1980 1990 ~

Amman (AWSA)* 85 95 110
Suburban Ring
(of Amman) 95 105 115

Zarq,a 67 90 110
Ruseifa 80 100 114
New Cities and
Wadi es Sir 75 85 95

Other 50 70 80

* Amman Water and Sewerage Authority

These values reflect overall community water consumption (after distribution
losses) including residential, commercial, m1.Ulicipal, and most industrial uses.
With few exceptions, industrial water consumption is not a major factor.

The projections are then made of per capita waste loads for the various
communities in the Study Area. These are slightly lower than water delivery
values and are also expressed in liters per capita per day (led), as follows:

~ 1980 1990 ZOOO

Amman (AWSA) 75 85 95
Suburban Ring
(of Amman) 85 95 105

Zarqa 63 7Z 80
Ruseifa 50 63 71
New Cities and
Wadi es Sir 65 75 85

Other 50 60 70
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The municipal wastewater flows being experienced in the AWSA. system are
unusually strong. This is due to the combination of average per capita organic
contributions and unusually small per capita flow values. As time goes on and per
capita flow contributions increase somewhat, the strength of the wastewater will
decline somewhat, but it will probably remain quite high.

The per capita wastewater production values are later used in conjunction with
projected populations to project wasteloads.

In the foregoing figures, the AWSA data are derived following analysis of
operating data on the existing system. The effects of the municipal
slaughterhouse and septage dumping are specifically taken into account. The per
capita flow values represent overall annual averages from all effects, including
existing industrial discharges and infiltration of groundwater into sewers but not
inflow of stormwater during high intensity storms. The values indicated for new
ci ties, Wadi es Sir, and "other" take the AWSA experience into account, as well as
that of Salt and King Hussein Medical Center, each of which has an existing
wastewater system. In contrast, the values listed for Zarqa and Ruseifa have
special industriAl effects included as well as both groundwater infiltration and
storm water inflow to the sewer system being proposed for this area. The values
were developed by the special consultant who studied the area, and these values
are considered and accepted in this report.

For the AWSA wastewater collection system additions and for other collection
system work in facilities proposed in this report, a specific allowance is made for
moderate groundwater infiltration effects. In special cases only, allowance is also
made for specific industrial discharges from future industrially developed lands.
It is considered unreasonable use of the sanitary sewer system to permit
storm water inflows from roof drains and the like, and no provision is made in the
report to accommodate such occasional flows.

Average daily per capita waste contributions of Biochemical Oxygen Demand
(BOD) and suspended Solids (SS) are used in this report. They are 60 grams per
capita per day in each case. Superimposed on organic loadings computed from
these values are specific loadings originating in "wet" industries, such as the
municipal slaughterhouse, and discharges of septage. So-called "wet" industries
are those which discharge significant quantities of wastewater and/or pollutants
to sewer systems or elsewhere. Industrial organic loadings are used in conjunction
with non-industrial wastewater quantities in sizing of wastewater treatment
facid ties.

Data are presented in the report indicating various types of organic and inorganic
loadings to be anticipated from "wet" industries according to the types of process
and amount of production. Review of available data and confirmatory field
checking have revealed very little "wet" industry in the AWSA and other areas
(aside from the special consultant considered Zarqa-Ruseifa area). Much
relocation of existing industry and establishment of new industries (including some
"wet" industries) are anticipated for Sahab Industrial City, where a specific
wastewater treatment plant is being provided.
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CHAPTER 6 - APPRAISAL OF EXISTING WASTEWATER FACIL1TIES

Within the Greater Amman Area there are three municipal type wastewater
systems. These were appraised for present and future adequacy. The Army
installations were not appraised because data were not available, for security
reasons. If appropriate in the future, particularly in connection with design of
projects, specific provision could be made to accommodate certain Army
installations. Adequacy of existing cesspool systems for residences and other
buildil:gs in various urban areas is also considered. Each municipal type
wastewater system comprises facilities for collection and treatment of the
wastewater and for managing the sludge solids produced by the treatment.

The AWSA system is by far the most extensive of all. Assuming continued growth
in Amman, the wastewater flows to AGTP will soon exceed its capacity. If the
service area is extended to areas westerly of Amman, considerably more capacity
than is available or has been contemplated will be required.

If the service area of AWSA is to be extended westerly of Amman, the increased
flows in the primary network will exceed the available capacity of some of the
trunk sewers. Hydraulic analysis shows that it will be necessU'y to reinforce such
trunk sewers by constructing pU'allel sewers to relieve the surchU'ge. The
amount of such reinforcement needed will depend upon whether or not an
upstream treatment plant is implemented and operated to divert much of the
inflow from westerly areas. Less reinforcement will be required with plant
implementation and vice versa.

The AWSA collection system operates almost completely by gravity. Generally
steep terrain makes this possible. It also provides for generally high flow
velocities. This encourages aeration of the high strength wastewater and
apparently discourages substantial generation of sulfides in the sewer system.
High sulfide concentrations could result in sulfuric acid corrosion of the concrete
sewer pipes in critical areas, greatly reducing their expectad lives.

The AWSA collection system includes two pumping stations to bring flow into the
primary network of trunk sewers where gravity flow is not possible because of
intervening hills.

The University of Jordan and vicinity contribute flow to the primary network in
the Sports City area by means of the University Pumping Station and force main.
The pumping station is currently in operable condition although there are some
deficiencies. The pumping station and force main would be adequate hydraulically
for several yeU's but the lower reaches of the gravity trunk sewer into which the
flow is discharged become overloaded from this and other contributions. Gravity
flow from the University area is possible by a more circuitous route via a
developing but as yet unsewered area. Diversion of the pumped flow to a new
gravity sewer would relieve the overload in the trunk sewer now receiving the
pumped flow.
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In the East Marka area, the Amman Airport and immediate vicinity contribute
wastewater to the Ain Ghazal Treatment Plant (AGTP) via the East Marka
Pumping Station. This is a new facility with little operating experience.

No sewer overloads are created by its operation. Gravity sewer discharge to
AGTP would not be feasible from this area, but it could contribute by gravity to a
downstream treatment plant. The pumping station is in operable condition
although there are some deficiences. The capacity is adequate for the entire
planning period.

The AGTP has been in operation since 1969. It incorporates the activated sludge
process and anaerobic digestion of raw and waste activated sludge. Flows to the
plant have gradually been increasing and within a very few years should reach its
nominal capacity of about 30,00 cubic meters per day (cu m/da). They are
presently about ZI,OOO cu m/da, for a tributary population of about Z80,000
persons.

The plant performance has been adversely affected by the discharges of the
municipal slaughterhouse and septage tank trunks directly upstream of the plant
headworks. In addition to the unusually high strength wilstewater and the
superimposed industrial and septage loadings, some of the plant units have
limitations which also reduce overall plant performance. Screenings and grit
removal are unsatisfactory, diffusad aeration facilities in the aeration tanks are
subject to frequent clogging and do not produce sufficient mixing for the
necessary suspension of wastewater and activated sludge (bacterial culture used
to stabilize the wastewater). Contl'ol of the activated sludge progress is made.
difficult by limitations in suspended solids removed from the biological treatment
system. Secondary sedimentation facilities are shallow and limited in theil' ability
to clarify the ael'ation tank effluent prior to chlorination and discharge to the Seil
Amman. Chlorination facilities have less than desil'able efficiency and reliability.

The sludge processing facilities are soon to be enlarged under a recently awarded
contract. This will cOl'l'ect a well recognized undersizing of current digestion
capacity and will make the total digestion capacity equivalent to about 45,000
persons' contributions. This will be adequate fol' the next several years but not
until 1990.

Sludge dl'ying beds at AGTP were never intended to handle the entil'e flow of
digested sludge. Theil' area will be even mOl'e limited when the new digesters and
mechanical dewatering facilities are constructed, using some of the current
dl'ying bed space. Except for occasional emergency use, the remaining dl'ying
beds will be completely supplanted by thl'ee belt presses for sludge dewatering.
These will be adequate for the next few years but will need to be reinforced by a
fourth belt press before 1990.

The AGTP electrical facilities are generally adequate for pl'esent loads and fol'
accommodating the new digesters. However, thel'e are cel'tain safety
shortcomings involving use of live fuses in electl'ical switchboards without
disconnects or circuit breakers. Substitution of cil'cuit bl'eakers would improve
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both personnel sdety and operating reliability.

The Municipality of Salt's sewer system is being adapted from an old Turkish
system to a modern, piped system from which stormwater is being excluded.
Slopes are steep due to the hilly terrain, making for relatively high flow velocities
and sewer capacities.

Salt has an extended aeration treatment plant with open drying beds for secondary
sludge fronl the aeration tank. The plant's rated capacity is 3,510 cu m/da,
corresponding to a tributary population of about 50,000 persons. The current
connected population is estimated at about 14,000 persons and the future
connected population may be as high as 66,000 persons by year ZOOO, if all
dwellings were connected.

The Salt treatment plant is adequate for the present and is underloaded. Effluent
is discharged to Wadi es Salt, thence to Wadi Shu'eib. There are certain
improvements tbat could be made to the plant to improve electrical efficiency and
process reliability. Eventually, some enlargements will be required, but not
before year 1990. Sludge is aerobically digested in the process and residues are
dewatered on open drying beds.

The King Hussein Medical Center (KHMC) has its own gravity collection system
for wastewater and an extended aeration treatment plant. The capacity of this
plant. (450 cu m/da) is exceedec4 by present wastewater flows (800 cu m/da). It is
planned to replace the existin.g plant in the relatively near future with a
1,500 cu mlda capacity extended aeration plant. This should be adequate both for
the current loads and those to be expel'ienced from the expanded KHMC. Some of
the effluent is pl'esently used for inigation of local landscaped 81'eas. The
remainder discharges down Wadi es Sir. Ael'obically digested sludge residues bom
the process are dried in open beds.

Wastewatel' flows not presently being accommodated by AGTP, Salt Tl'eatment
Plant or KHMC Tl'eatment Plant 81'e discharged into cesspools. It is estimated
that about 59,000 cu mlda of septage were being genel'ated in the Study Area in
1979, as compared with about ZI,OOO cu m/da being treated in AGTP and KHMC
TP. Much of the discharge came from unsewel'ed 81'eas within Amman itself.

Inasmuch as a I'elatively large concentration of population is located ovel' a
limited pOl'tion of the underlying gl'oundwater aquifers, the I'elative impact of
septage disch8l'ges bom Amm an in particulu and the largel' population centers
clustel'ed ne8l' Amman is considered high. In contrast, smaller outlying population
centel's ue usually widely sepal'ated. They have lell genel'alized impact upon the
underlying groundwater basin than do the larger urban centers such as Amman.

Cesspool installations al'e commonly used in the Greatel' Amman Area, and these
operate with vuying degrees of success, depending upon loadings vis-a-vis
capacity, soil conditions, and maintenance. In many instances, maintenance
(pumpout) costs may be appl'eciable. A special Community Sanitation
Reconnaissance during this study produced general infol'mation on these aspects.
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Sm aller builidng lots tend to have less space in which to locate both buildings and
cesspools than do larger lots, sometimes tending to make cesspool disposal
somewhat more difficult in smaller lots.

If no unprogrammed sewerage facilities were to be built in the Greater Amman
Area, the continuing growth would result in substantial quantities of septage still
discharging to the underground via cesspools. The corresponding numbers for 1990
and year 2,000 are 45,000 and early 57,000 cu mlda, respectively. In areas where
subsUl'face disposal conditions are poor or marginal, ther.e are prospects for
increasing failures of cesspool systems or, alternatively, increased pumpout costs.

CHAPTER 7 - CONSERVATION AND MANAGEMENT OF RESOURCES

Major Jordanian institutions managing water affairs are the Natural ResoUl'ces
Authority (NRA), the Water Supply Corporation (WSC), the Jordan Valley
Authority (JVA), and the Amman Water and Sewerage Authority (AWSA). All
except NRA also have management authority over sewerage systems within their
jurisdictioN. Consideration is being given to creation of a National Water and
Sewerage Authority.

Jordan, including the Greater Amman Area, is already seriously water-deficient.
This condition will worsen as growth and development continue. At present the
sole source of supply within the Study Area is groundwater drawn from wells and
springs.

The local groundwater is already being overdrawn under current demands. Local
groundwater mining will continue unabated until imported supplemental supplies,
from Azraq Wellfield, Qastal Wellfield and the l:~ast Ghor Canal (fed by the
Yarmouk River) arrive at Amman and vicinity. There will still be a need for
additional imported supply. Among the alternative sources being considered are
the Euphrates River in Iraq, and the King Talal Reservoir.

King Talal Reservoir lies within the Study Area and impounds flow from the Seil
Zarqa, including effluent discharged from the AGTP. King Talal water is
currently used for irrigation in the Jordan Valley. If some of the reservoir yield
were to be recycled to Amman for municipal water supply supplement, water
quality considerations would become of much greater concern than they are at
present. Recycling would .uso increase the reservoir yield. Mineral salts
concentrations would tend to rise but would level off before reaching
unacceptable limits.

King Tala! Reservoir will soon receive increasing flows of wastewater treatment
plant effluent from the AGTP, the soon-to-be-completed Jarash Treatment Plant,
and the programmed Zarqa-Ruseifa Treatment Plant. A Baqa'a Valley Treatment
Plant would also contribute effluent to King Tala! Reservoir via Wadi Rumeimin.

Wadis originating within the Study Area supply two other reservoirs, both located
within the Jordan Valley. The Kafrein Reservoir, on Wadi el Kafrein, is used for
irrigation supply. Potential treatment plants serving lower Wadi es Sir and Na'ur
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would discharge effluent feoding this reservoir. Shu'eib Reservoir, on Wadi
Shu'eib, is used for groundwater recharge. The Salt Treatment Plant effluent
discharges into the Wadi Shu'eib main tributary, but apparently the effluent does
not reach the Shu'eib Reservoir as surface flow normally. , A treatment plant
serving Fuheis and Mahis would contribute effluent. to this wadi system.

Water pollution control legislation in Jordan is not yet comprehensivp. Current
legislation is not always adequately applied. The Government is ~onsidering

recommendations for strengthening water pollution control laws and their means
of implementation.

Water pollution monitoring is carried out by NRA for grc'JJ1dwater cond.itions and
by the Royal Scientific Society (RSS) for surface waters. Monitoring results
generally show increasing degradation of both surface waters and groW1dwaters.
This is due to discharges of wastf!waters and effluents. Most surface water
sampling has involved the Seil Zarqa and, more recently, King Talal Reservoir.
Seil Zarqa flow, including contributions from AGTP, is used for agricultural
irrigation on certain riparian lands en route to King Talal Reservoir. This flow
does not have the benefit of any reservoir dilution or retention prior to use. It is
doubtful if normally applicable bacteriological standards for brigation use can be
lUet by the present flow or by the flow anticipated in the future influenced by the
discharge of effluent from an expanded and upgraded AGTP.

With respect to potential drinking water application, there would be anticipated
difficulties with meeting standards for virus, coliform bacteria, and nitrates, as a
minimum.

Due to the serious water shortages in the Study Area, possibilities of planned
reuse of treatment plant effluent are discussed. Indirect recycling already occurs
and planned recyC'ling via King Talal Reservoir is being considered. Groundwater
recharge with reclaimed effluent should be considered on a case by case basis.
Direct domestic recycling is unacceptable because of health hazards.
Agricultural irrigation appears to be the most feasible of various alternatives for
effluent reuse because water quality requirements are generally the least
stringent.

JVA is interested in capturing the maximum quantity of treatment plant effluent
discharged into the wadis draining into the Jordan Valley so that the irrigation
supply there may be augmented. Analysis of design criteria used in planning the
East Ghor Canal, South Zone, indicates a likely seasonal variation in irrigation
demand in the Jordan Valley varying between a winter low of about 44 percent of
average annual demand to a summer high of about 133 percent of average annual.
To meet such a demand variation requires regulatory storage, even for essentially
uniform sources of future supply from wastewater treatment plants in the plateau
area. The existing regulatory storage on Seil Zarqa, Wadi Shu'eib and Wadi el
Kafrein would assist in this function, as would flexibility of diversion into the East
Ghor Canal. To maximize conservation of effluent rur,off to the Jordan Valley
and to minimize wet year losses by reservoir spills would require additional
storage.
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A recent engineering report to JVA indicates a feasibili ty of enlarging King Talal
Reservoir from 44 million cubic meters (MCM) of live storage to about 64 MCM
capacity. Projected annual effluent flow from AGTP for year ZOOO is about 80
percent of the existing capacity of King Talal Reservoir and SS percent of a
possible enlarged capacity.

Land resources in Jordan in many instances have suffered from overgrazing, wind
and water erosion, and deforestation. Recovery of forestlands is more feasible in
the northern highlands than in the southern, due to greater rainfall. Under
carefully developed programs, use of digested sludges and even treatment plant
effluent might be helpful in restoration of forest lands and even agricultural
lands.

Jordan is energy deficient. There are relatively limited prospects for
hydroelectrical power developments in Jordan. Wastewater systems should
minimize energy demands wherever feasible. Wastewater treatment plants
located at the higher plateau p.levations would have potential energy advantages
over those located at lower elevations from the standpoint of potential future
deliveries of reclaimed effluent to possible reuse points on the plateau.

CHAPTER 8 - WASTEWATER COLLECTION, TREATMENT AND DISPOSAL
ALTERNATIVES

Interim effluent quality standards are proposed for the upgraded AGTP and other
secondary treatment plants which will discharge their effluent into the wadis of
the Study Area. Such interim standards recogrlize the impracticality of fully
achieving bacteriological quality suitable for irrigation with such secondary
effluents but at least of improving upon the present quality experienced with
AGTP effluent. Tertiary treatment, involving effluent filtration, would be
necessary to meet the irrigation standuds. For reasons of cost, it is not possible
to include this treatment in the initial program for wastewater treatment. It is
included as a long range objective as is denitrification.

The development of alternatives assumes that industrial wastes control measUl"es
will be fully implemented by 1990. This will provide time for affected industries
to make their necessary internal improvements and for official agency control
programs to be developed and implemented. However, extremely hazardous waste
discharges, such as mercury wastes, should be discontinued immediately.

Initial development of alternatives considers the sub-basins of the three major
watersheds of the Greater Amman Area. The sub-basins of the largest watershed
within the Study Area, that of the Jordan River, are designated as the Seil Zarqa,
the Northwestem, the Westem, and the Southwestern. The Dead Sea Basin has
the next largest watershed within the Study Area and has Southern Sub-basins.
The Azraq watershed is barely within the Study Area, has no significant
population, and is not of relevance to this Master Plan.
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Sub-basins are formed by topography, which tends to limit the possibilities for
linking of commWlities in adjacent sub-basins into common wastewater systems,
except under unusual circumstances. Sub.. basins also determine the routes which
treatment plant effluents will normally tQ.~.e.

Amman, Zarqa, Ruseifa, and several other urban areas lie within the Seil Zarqa
Sub-basin. Within the future AWSA system there are a number of wastewater
collection alternatives that are considered and resolved. The analyses involve
possibilities for connecting peripheral areas westerly of Amman to the AWSA
network, either by gravity or by pumping. The findings are:

• A special analysis will be required subsequently in the report to determine
whether or not an upstream treatment plant in southern Wadi es Sir, the
Upper Wadi AbdoWl Treatment Plant (UWATP) should be built in order to
facilitate upper plateau reuse of reclainled water and to minimize the
need for AWSA primary network enlargements and downstream treatment
plant capacity requirements, assuming the inclusion of developed and
developing areas westerly of Amman into the AWSA system. If the
UWATP is to be implemented, its !lite should be at a high elevation, on or
near the watershed divide between the Seil Zarqa Sub-basin and the
Western Sub-basin.

• The portions of Suweileh that drain to the north contain the bulk of the
population of that community, including most of the urban poor and the
majority of cesspool installations having operational difficulties. Sewel's
should be provided fol' north-draining Suweileh. If a Baqa'a Camp sewer
system and treatment plant were not soon to be implemented,
wastewater from north-draining Suweileh should be pumped across the
watershed divide sepuating the Northwestern Sub-basin (Baqa'a Valley)
and the Seil Zarqa Sub-basin. The flow would then be conveyed southerly
in a new gravity trWlk sewer to serve this area. Although such a pumping
alternative is somewhat more costly than gravity sewel'age to a potential
Baqa'a Valley Treatment Plant, the advantages of the pumping altel'native
outweigh this cost disadvantage, unless Baqa'a Valley Tl'eatment Plants
soon to be implemented.

• There should be a new gravity trunk sewer running southerly from the
University of Jordan area to a possible UWATP or else to the AWSA
primary netwol'k. Inasmuch as this area and downstream ueas are
already fairly well developed and continue to gI'OW, the sewer should be
scheduled fol' fairly euly implementation. Without an euly Baqa'a Valley
Treatment Plant pl'oject, the sewer would also sel've north-dl'aining
Suweileh, at least for several years. It would be economical to abandon
the University Pumping Station that now pumps wastewater from the
University area across an intervening hill into the AWSA system and to
discharge instead by gravity into the new trunk sewel'. Because of the
cost advantage and other benefit!) this alternative is l'ecommended.
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• King Hussein Medical Center (I(HMC) will proceed with its local treatme
nt plant project on the premises and operate in this luanner until such
time as a gravity sewer can be constructed to connect it to UWATP.
During the interim, great care should be exercised in the operation of the
new plant to ensure protection of public health and the envbonment. The
new gravity trunk sewer will serve south-draining Suweileh and
intermediate points southerly of KHMC as well as KHMC.

• The portion of the Municipality of Wadi es Sir which lies within the
Western Sub-basin should not be included in the trunk sewel' system that
will feed the UWATP or, if UWATP is not hDplemented, the AWSA
primary network. The costs for including lower Wadi es Sir in this trunk
sewer systelu are hardly any less than those for providing a local Lower
Wadi es Sir Treatment Plant that would serve the area by gravity.
However, the disadvantages in the extensive pumping that would be
required to include lower Wadi es Sir in the AWSA system are so great
that this prospect should be eliminated aud a local Lower Wadi es Sir
Treatment Plant planned for.

• The Marj al Hammam area is developing rapidly and will reqube sewer
service at a fairly early date.' It would be somewhat more economical for
wastewater from this area to be conveyed by gravity into the AWSA
primary network by a new trunk sewer than for the flow to be pumped
eitHer to a possible UWATP 01' to a future Na'ur Treatment Plant.
Gravity flow to AWSA would normally be recommended except for the
additional capacity required thereby such as in the primary network and,
particularly, at AFTP. Thus, pumping to UWATP appears advantageous.

At Ain Ghazal Treatment Plant (AGTP) basic treatment alternatives for the
future expanded and upgraded plant are activ·3.ted sludle with mechanical aeration
(TAl) and roughing filters followed by activated sludle (TA,Z). (TAl) ules more
energy than TAZ and but Costl leu to construct. It requirel lell Ipace than the
latter, 90 a larger capacity plant could be lited with the former than the latter in
the same space. However, bth TAl and TAZ are quite clole in total COlt when
energy aspects, including energy recovery, are taken into account, and thus TAZ il
recommended.

Anaerobic digestion of sludge solidi at AGTP iI more advantageoUi than aerobic
digestion or thermal treatment, which were allO considered. The primary
advantages are in energy savings, but there il also an advantale in familiarity to
operating personnel and relative simplicity of the procell. Dewaterinl of
digested sludge is belt performed mechanically at AGTP by means of belt prelles.
They are the lealt energy consuming of all practical alternatives for sludle
dewatering, and they cost no more than the next most favorable method, vacuum
filters.

It would be energy-conservative and economical for digester gas engine
generators to be installed at AGTP and operate on the combustible gases produced
from anaerobic digestion of sludge solids. The electricity thus produced would be

l-IZ



·SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

used to help power the mechanical aeration equipment and other electrical
equipment. The waste heat from the engines would be used to heat the incoming
sludges to the digesters.

The AGTP, when enlarged to the maximum capability of the site, will be
inadequate to receive all the future projected wastewter flow, even witb
implementation of an upstream plant. It will be necessary eventually for there to
be a downstream plant adjoining the Seil Amman at Kharbet er Ruseifa. This will
not be needed until after 1990, and its required capacity will reflect whether or
not the upstream plant at the extension of Wadi Abdoun is implemented. The
recommended treatment for Kharbet er Ruseifa Treatment Plant (KRTP) and for
Upper Wadi Abdoun Treatment Plant (UWATP) if built, would be roughing filters
followed by mechanical aeration activated sludge. Anaerobic sludge digestion
would be recommended for KRTP, but UWATP would not process sludge, for
reasons of simplicity and making the plant more acceptable in a new industrial
area. Instead, process sludges would be discharged into the AWSA primary
network and would be recovered and processed at AGTP and KRTP.

The trickling filter plant proposed under a separate study for the Zarqa- Ruseifa
area should be' implemented. Sludge drying 'beds should be used initially, as
proposed, for dewatering of digested sludge. The plant will require enl8l"gement
in the future, somewhat earlier than contemplated by the previous study, because
of the recommended inclusion, as soon as possible, of the East Marka area and
Schneller Camp. When plant enl8l"gements are made, there will no longer be
sufficient space for sludge drying beds, and belt presses for mechanical
dewatering should be provided.

Downstream of the Zarqa-Ruseifa Treatment Plant, a small treatment plant
should be provided for the community of Sukhneh. A simil8l" plant should be
provided for Hashimiya across the ridge to the east. It would be uneconomical to
provide a single plant for the two communities. Each community's plant should be
of the facultative lagoon type and should be so sized as to caule the treated water
to evaporate, thereby totally containing the effluent. Land availability and
reasonably low costs favor this type of treatment, which is quite simple to
operate and uses no external power. No significant sludge production would
occur, but some accumulation in the lagoons might become noticeable after many
years of operation.

For the Northwestern Sub-basin, a single treatment plant in Baqa'a Valley is
proposed and would accommodate, by a gravity collection system, Baqa'a Camp,
the small valley communities of Safut and Ain al Basha, and the hillside portion of
Suweileh that drains to the north. The flows would be too great to permit
consideration of lagoon type treatment or even of the simplified modification of
activated sludge treatment known as extended aeration. Instead, conventional
activated sludge treatment with separate anaerobic digestion and dewatering on
open drying beds should be provided. Plant layout would anticipate future
connection of Abu Nusair.
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In the Western Sub-basin, analysis of alternatives shows that that it will be
economical to link the communities of Fuheis and Mahis in a common system
contributing to a single treatment plant. Pumping of wastewater from Mahis to
Fuheis will be required. It will not be economical to include other communities.
Extended aeration treatment will be appropriate for the plant. There is
insufficient land available for lagoon treatment. Sludge drying beds will be used
to dewater the modest quantities of sludge produced by this process.

The existing Salt Treatment Plant should continue in operation. Sometime
between 1990 and year ZOOO, it is anticipated that the plant will require
enlargement of about 1,000 cu m/day.

In the Southwestern Sub-basin, Lower Wadi es Sir should be provided with a
separate treatment plant. It would not be economical to include the small
communities of EI Bassa and Urn Nuww8.ra in this wastewater system. Space
limitations preclude the use of lagoon type treatment for Lower Wadi es Sir
Treatment Plant; thus the compact and effective extended aeration type plant is
recomm ended. Sludge drying beds would be provided.

The Municipality of Na'Ur is also in the Southwestern Sub-basin but is too far
removed from Lower Wadi es Sir to be joint!d with it in a wastewater system.
Na'ur should have its own treatment plant of the extended aeration type, the site
limitations favoring this method.

In the Southern Sub-basin, the terrain is less steep and the land for treatment
plants relatively inexpensive in comparison with many other plateau areas. Also
the communities to be served are not very large. These factors favor the use of
facultative lagoon treatment plants. AnBJysis shows that there should be two such
plants in the Southern Sub-basin: one serving the M\DlicipBlity of Sahab by itself;
and a community plant to which Abu AlandB, Khirbet es Suq, and Juweideh would
contribute via a common collection system involvf.ng certain pUIDping stations.
The flow would be totally contained. Moderate accumulations of sludge in the
lagoons would take place after many years of operation.

Within the Greater Amman Area, no direct effluent reuse applications have been
identified, save for the modest landscape irrigation at KHMC. Future
applications are still quite indefinite and will take at least several years to
develop. In the meantime, however, incidental, indirect reuse will continue and
expand by diversions from receiving wadis and irrigation deliveries from the
storage reservoirs in Jordan. Irrigation appears to be the most promising future
type of reuse application. This may eventually include plateau areas as well as
the Jordan Valley and riparian areas along wadis.

Sludge use has not yet developed on any organized scale in the Greater Amman
Area. Research in applying AGTP digested sludge to experimental agricultural
lands in the Jordan Valley is continuing. Interest is already fairly high in the
possibilities of using digested sludges in trial programs for wastershed
reforestation. If successful, these could be expanded greatly and with increased
benefit. The applications could probably eventually be extended to agricultural
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applications, but this would first require deliberate development of a carefully
controlled program over a period of several years. In the meantime, disposal of
digested IIludges to approved landfills will have to be practiced. This will include
all wastewater treatment plants within the Greater Amman Ar,ga.

There are two approved landfill areas: one at Muwaqqar and the other east of
Sahab near Zumlet al Alya. A third, but less suitable, possibility may exist at
Yajuz, some 20 km northwest of Amman. Complete protection of the underlying
groundwater against leaching of pollutants is a requisite of these landfill sites. It
will be necessary for the sewage treatment plant digested sludges to be
transported to these sites, particularly those near MU\;Jaqqar and Sahab for
disposal. This must be done until such time as land could be committed for sludge
use so as to enhance the environment or dedicated for disposal but in a manner
not damaging to the environment.

The most flexible and economical means of conveying digested sludge to the
approved landfill area near Muwaqqar is in a dewatered state via truck. This
holds true for all treatment plants and would also be true for the site northwest of
Amman, if found acceptable. A comparison of wet transport of sludge via
pumping and pipeline from AGTP, of wet transport of sludge via tank truck from
AGTP, and dry-trucked transport from AGTP showed clearly the relative
economics of dry-trucked transport.

CHAPTER 9 - MASTER PLAN

Wastewater and sludge management alternatives that were found to be viable in
the initial screening of Chapter 8 are subjected to engineering, cost, and
environmental analysis. Alternatives are then ranked on a regional basis
according to priorities for implementation under a Master Plan program.

As a result of case by case investigations of local conditions, the following
percentages of potential populations to be connected to sewers in the future are
used in the Master Plan development:

1990 2000
Connected to Sewers Connected to Sewers

Community Percent Population Percent Population

Amman 79 805,000 96 1,253,000
Suburban Ring
(of Amman) 59 44,000 96 240.000

Zarqa-Ruseifa 65 Z50,000 7Z 391,000
Salt 90 4Z,000 98 65,000
Suweileh· 56 17,100 98 4Z,600
Wadi es Sir•• 92 35,300 98 60,300
Baqa'a Valley••• 94 63,200 95 73,400
Fuheis/Mahis 5Z 6,700 53 9,500
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Na'ur
Sahab
Sukhneh
Hashimiya

57
65
60
50

4,000
11,000
3,600
3,000

69
67
70
60

6,900
16,100
5,600
4,800

Community

1990
Connected to Sewers

Percent Population

ZOOO
Connected to Sewers

Percent Population

Abu Alandal
Khirbet es Suq/
Juweidah 73 11 ,000 73 15,300

• Suweileh straddles the watershed divide between the Northwest Sub-basin
(draining to Baqa'a Valley) and the Seil Zarqa Sub-basin (draining) through Amman
and Zarqa, thence to King TalaJ Reservoir. Total sewel'ed population is shown.
The north draining portion of Suweileh is also shown in the Baqa'a Valley numbers.

•• Wadi es Sir straddles the watershed divide between the Seil Zarqa sub-basin
and the Western Sub-basin draining to Kafrein Reservoir. Total sewered
population is shown.

IIIlfllll Includes Baqa'a Refugee Camp, portion of Suweileh, and the small
communities of Safut and Ain al Basha.

Basic wastewater collection alternatives for AWSA are designated CAl and CAZ.
Under both alternatives, it is assumed that wastewater flows from Amman, the
University of Jordan and vicinity will be augmented by ,future contributiona from
Suweileh, upper Wadi es Sir, and portions of the Suburban Ring and that the flows
originating westerly of Amman' will mostly be directed into the AWSA primazoy
network in the upper reaches of Wadi Abdoun. Alternative CAl allumes the
contruction of the Upper Wadi Abdoun Treatment Plant (UWATP) and diversion to
it of as much of the peripheral wastewater contributions u po.sible. (The
jurisdiction over UWATP could be by AWSA or other appropriate governmental
agency). Alternative CAZ allUlDes no construction of UWATP.

The required capaci ties of the AWSA plants, depending upon whether or not
UWATP is provided are show•• below in 1,000 cu m/da.
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Treatment Plant

AGTP

UWATP

KRTP

£M
60

8

(7) *

1990
CAZ

7S

£M
75

ZO

56

ZOOO
£g

7S

76

* Would not actually be built; rather flow build-up would be cUl'tailed, if
necessary (by limiting new sewers/connections) to avoid premature need for
KRTP.

In addition to having differing effects upon the treatment plant capacities
required, CAl and CAZ have differing effects upon the trunk sewer relief
requirements for the existing AWSA primary net"·ork. Under CAl, the trunk
sewer relief requirements for handling year ZOOO flows are less than for CAZ in
terms of pipe sizes and lengths.

The proposed treatment facilities at AGTP, UWATP, and KRTP would incorporate
roughing filters and activated sludge as the basic process and would produce an
effluent substantially better than that presently possible from the existing AGTP.
However, the bacteriological quality of the effluent would fall somewhat short of
normally used standuds for irrigation unless effluent filtration were to be
included. It is not presently justified to undergo the additional cost of effluent
filters in the initial pl"ogram. Therefore, they are deferred indefinitely but kept
as a long range objective in connection with the improvement of water quality,
pending additional study and evaluation.

Similarly, it is not presently wuranted to include denitrification facilities
because of the questionable benefits in relation to the conaiderable expense.
Deni trification is also deferred indefinitely, pending additional study and
demonstration of need in connection with improvement of groundwater quality.

Effluent quality standuds to be met by the various treatment planta discharging
effluent to wadis are as follows:

Secondary Treatment Effluent Quality
Suspended Solids (55), mg/l
Biochemical Oxygen Demand, (BODS), mg/l
Coliform Organisms, MPN/IOO ml

Tertiary Treatment Effluent Quality
55 mg/l
BODS, mg/l
Coliforms, MPN/I00 ml
Nitrate, mg/l
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The t.reatment alternatives for the AWSA plants are designated as TAl. (roughing
filters-activated sludge), TA3 (future filtration and denitrification added) and TA4
(no additional treatment beyond that now programmed). Thesp. same
classifications of treatm ent alternatives are also used for the Baqa'a Valley
Treatment Plant, while comparable classifications are used for the smaller
treatment plants serving outlying com muni ties and incorporating the activated
sludge process. For the latter, the third treatment alternative signifies no
project.

Activated sludge plants already exist at Ain Ghazal, KHMC, and Salt. This
process has fairly high operational and maintenance requirements in comparison
with some of the simpler processes. Activated sludge plants are being proposed
for three outlying areas in spite of this aspect, because the process has high
performance capabilities but has only minimal site requirements. Limitations on
available sites and substantial land costs are contributing reasons to the selection
of the activated sludge process. Due to the need for maintaining good plant
performance, it will be necessary for AWSA and other operating agencies to
recruit and retain competent operating and maintenance personnel, even if this
means higher labor costs than are customary.

Effluent from AGTP and KRTP will be discharged into the Seil Amman. It is
assumed that flows from Seil Amman/Zarqa will continue to be diverted for
riparian irrigation. Effluent from UWATP, under Alternative CAl, will have
considerable flexibility as to its disposi tion. In addition to being divertable by
gravity either to Seil Zarqa Sub-basin (King Talal Dam) or Southwestel'n Sub-basin
(Kafrein Dam), the effluent could be pumped to the Southern Sub-basin if desired.
This is due to the high elevation and strategic watershed divide location of
UWATP. Effluent could also be available from an advantageous position for
future reuse on the plateau when demand for this develops.

Both the AGTP and KRTP will employ anaerobic sludge digestion and digested
sludge dewatering by belt pl'esses. UWATP will not process sludge, fol' reasons of
making the plant more acceptable in a developed area. Instead, the raw and
waste activated sludges from UWATP will be discharged to the AWSA pl'im8l'y
network via a sepuate sludge hne, and the sludges will be I'ecovered and
processed at the AGTP and KRTP. Total sludge pl'oduction would be the same
under both altel'natives CAl and CAl..

Dewatel'ed digested sludge' will be hauled by truck to a new landfill near
Muwaqqar whel'e local subsurface conditions eliminate any hazud to the
groundwater. Programs will be developed leading to future beneficial use of the
sludge for refol'estation and, eventually, fol' agl'iculture, both under carefully
controlled conditions.

Out of considel'ations of disposition of plant effluent and digested sludge as well
as integrity of system facilities and safety of operating personnel, it will be
necess8l'y to exclude humful industrial wastes from the sewer system tribut8l'y to
the AWSA treatment plant and other plants. This will require the establishment
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and enforcement of effective industrial wastes control ordinances and programs.
On-site measures, such as recycling and pretreatment, may be necessary in some
cases.

Hard detergents have not proven a problem in the case of the three operating
treatment plants in the Study Area. Unless some unforeseen circumstance arises,
they will not prove a problem in the future plants.

The Baqa'a Valley Treatment plant and three other outlying plants that are being
proposed are as follows:

Location Capacity 1,000 cu mlda Effluent
Communities Served Sub-basin 1990 ~ to

Baqa'a Valley Northwestern Z.80 3.70 Wadi Rumeimin
Fuheis/Mahis Western 0.45 0.70 Wadi Shu'eib
Lower Wadi es Sir Western l.ZO 1.90 Wadi el Kafrein
Na'ur Southwestern 0.Z4 0.48 Wadi el Kafrein

These plants and the areas which they serve reflect the only viabl~ collection
alternatives from the initial screening. Pumping of flow from Mahis to Fuheis is
required. Otherwise, all systems operate fully by gravity.

The largest plant (Baqa'a Valley) would employ roughing filters followed by
conventional activated sludge with separate (anaerobic) digestion. The three
other plants would use the extended aeration modification of activated sludge,
whereby sludge is digested and reduced in volume during the aeration process. In
all four plants, dewatering of sludge would be on open drying beds with disposal to
approved landfills. Eventually, beneficial use of the sludge would be developed.

In four other outlying areas to be sewered, the flows are sufficiently small,
terrain relatively flat, and land costs representative of rural areas, so that
facultative lagoons are the favored alternatives for treatment. This process
relies upon solar energy for algal growth and oxygen production. While the
treatment is not as effective as activated sludge, the energy COlts are negligible
and operation and maintenance requirements are much less than for activated
sludge. It is proposed to make the lagoons sufficiently large as to contain the
treated wastewater totally, thus preventing the discharge of any effluent to
surface waters. Green belt irrigation may be practiced under controlled
conditions to ensure compliance with public health considerations. The total
containment lagoon installations are:
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Com an uniti es Location Capacity 1,000 cu m/da
Served Sub-Basin 1990 2,000

Sukhneh Seil Zarqa 0.2.5 0.45
Hashimiya Seil Zarqa 0.2.1 0.39
Sahab Southern 0.66 1.30
Abu Alanda/Khurbet

as Suq/Juweideh Southern 0.66 1.10

The Sukhneh and Hashimiya collection and treatment systems would operate
completely by gravity. Both the Sahab collection system and that of Abu
Alanda/I(hirbet es Suq/Juweideh would involve 80me pumping in addition to
gravity flow.

The total containment lagoons would not produce sludge regularly, but after many
years there could be some bottom acculDulation requiring removal. Treated
wastewater would normally evaporate, but cOl'llideration would be given during
design to the possibilities of controlled landlcape irrigation with 80me of the flow.
The lagoons would be designed to prevent leakage to the underlying groundwater.

For Zarqa-Ruseifa area, Seil Zarqa Sub-ballin, a tricking filter plant il already
programmed and is included in the Master Plan. Effluent quality should generally
be equivalent to that of the activated sludlJe plants in this Muter Plan,
particularly if polymer addition is practiced when needed. Effluent will dilcharge
to th~ Seil Zarqa. Anaerobically digested sludge will be dewatered for an interim
period on open dryina bedl. When flows increase sufficiently, the 2.4,2.00 cu m/da
capacity first stage plant will be enlarged to 41,2.00 cu m/da, at which tilDe sludle
drying beds will be supplanted by belt prelles for mechanical sludle dew.terini'
SludlJe disposal and use will be similar to that for the AWSA plants.

Cost analyses of the various wastewater alternativel or sYltelDI beiDI propoled
are summarized as follows, the data beinl pre.ented on a per capita basil in JO/
capita:

Area Served

Amman Be Vicinity
Alt. CAl

Sukhneh

Hashimiya

Baqa'a Valley,
incl. north-draininlJ
Suweileh

1990
Invest. Ann. COlt

47 8.0

119 14.5

158 19.3

68 9.2.

1-2.0

2.000
Inve.t. Ann. COlt

32. 1.5

2.9 U.9

34 16.1

U 10.0
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Fuheis/Mahis 133 ZO.l 10 17.6

Lower Wadi es Sir 117 15.1 Z4 14.5

Na'ur 113 17.9 ZS 15.0

Sahab 99 11.7 17 10.0

Abu Alanda/Khirbet
as Suq/Juweideh 1Z6 14.9 11.0

The vllI'ious alternatives showed annual unit expenditurel of eneriY expreued on
the basis of kwh/capita/yzo, as foUows:

Area Served 1990 AQQQ

Amman and Vicinity 15.1 16.0

Sukhneh Nell. Nell.

Huhimiya Nell. Nell.

Baqa'a et al 18.0 Z3.4

Fuhei_/Mahis 6Z.7 64.Z

Lower Wadi es Sir ZO.3 30.7

Na'ur 55.0 5Z.Z

Sahab 0•• 0.6

Abu Alanda et a1 1.3 1.0

An environmental rankinl of alternativel wal macle accorcUnl to the effectl upon
water relOurcel, public health, qricultural and sUvlcultural relOurcel, and enerlY
resource.. Thele had been identified in the project'l enYirolllDental IcopiDI
conference u the major environmental concerDi to be addrelled in the project.
Leuer factors that were al.o identified and included in the ranldnll werel
archaeolopcal and hiltorical relOUlcel, terreltrial biota, aquatic biota, land use,
and construction impacts.

The environmental rankinas were used to select arDonl local alternativel for
collection, treatment, sludle dewaterinl, effluent ule/oiilposal, sludle
traDIportation, and sludge ule/disposal. On thit buil, Collection Alternative CAl
(involYinl construction of UWATP) was selected over Alternative CAZ.
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Regional priority ranking of local projects was undertaken on those local projects
selected horn the environmental rankings. Ranking factors were appUed for both
1980..1990 and 1991..Z000 periods. The ranking factors used were:

• Per capital annual cost

• Per capi ta total investm ent

• Per capita annual energy consumption

• Relative benefit on relDoving cesspool discharges from the underground

• Income levels benefitted

• Project flexibtltty

I' Competing community needs

• Other environmental considerations (than those above)

As a result of the regional rankings, the following priorities were estabUshed:

!!!:!!! Area Served

1 Amman & Vicinity

Wastewater Projects to be ImplelDented
1980 to 1990 1991 to ZOOO

Uparade Be enlarge AGTP Enl&l'ge AGTP to ulthDate
Construct OWATP Enlarge OWATP
Reinforce AWSA trunks Reinforce AWSA trunks.
Construct new trunk Complete new trunk from
from University of lOuth-draini. Suweileh
Jordan &I''!a southerly to UWATP. COllltruct
to UWATP. Connect KRTP. Provide sewers
KHMC to OWATP. Provide frOID Eut Marka to
sewers for north-draining Zarqa-Ruaeifa network.
SuweUeh, aravity flow to Sewer Schneller Camp
Baqa'a Valley TP. Pump and Airport houling
flow from M&I'j al Hammam (if not already accol'D
to UWATP. Construct new pUshed).
ta'unk to Z&I'qa-Ruaeifa
network to serve
Schneller Camp and
housing project (if
Schneller is to be
served).
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Arl!a Served
Wastewater Projects to be Impleluented

1980 to 1990 1991 to ZOOO

3 Baqa'a Valley Sewer Baqa'a Camp
Construct trunk sewer
and treatment plant
for the Camp, north
draining Suweileh,
Safut, and Ain Al
Basha.

Enlarge Treatment Plant.
Provide for future
connection of Abu
Nusair.

4 Abu Alanda/
Khirbet es Suq/

Construct trunk sewers and Enlarge treatment plant
treatment plant
Construct Z pump stations
and force mains

.~

Enlarge treatment plant

Construct trunk ,e'..,,,,.
and treatment plant

Construct trunk sewer.
and treatment plant

Construct trunk sewers
and treatment plant

Construct trunk sewers
and treatment plant

5 Lower Wadi es
Sir

6 Sukhneh

7 Hashimiya

8 Na'ur

9 Fuheis/Mahis Construct pump Itation
and force main
Construct trunk sewera
and treatment plant.

For communities who, because of priority rankinss for lewerale improvements
may not receive such impl'ovements for several yearl, certain interim meaures
should be taken for improvement of local wastewater luitation conditions.
Physical arrangements may ranse from conltruction of on-site community
subsurface treatment-dispolal systems to construction of off-site facilities
(usually lagoonl) supplied by septage tank truck and/or .mall diameter pipelines.
Local cesspools requiring pumping out fairly frequently to prevent overflows could
be scheduled for such operatioll8 on a regular buis throulh the auspicel of an on
site wastewater Illanagement district or equivalent. Many variations are possible,
and selection of the best arrangement for a specific community requirel study of
all the factors pertaining to that community. Costl need not be excessive
provided all arrangments are carefully planned and impleluented.
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CHAPTER 10 - PRELIMINARY DESIGN AND COST ESTIMATES

Preliminary design criteria and data are presented for those wastewater facilities
in the Greater Amman Area programmed for hnplementation during the Phase I
Investment Program and occupying the highest priorities according to the Master
Plan for Wastewater Disposal. Treatiuent facilities in this program include the
improvements and enlargell1ents at Ain Ghazal Treatment Plant (AGTP) as well as
the initial construction stage for the Upper Wadi Abdoun Treatll1ent Plant
(UWATP). Collection facilities compri~e initial reinforcement of the primary
sewer network of Amman Water and Sewerage Authority (AWSA), a new gravity
trunk sewer draining University of Jordan (U of J) and vicinity, a gravity sewer
connection of KHMe to UWATP, a new pumping station and force aDain/gravity
trunk sewer connecting the M.arj al Hamam area to UWATP, and secondary
network facilities in newly p.e~(!red areas.

The work at AGTP will necessitate utilization of the, Z.5 hectare parcel of vacant
land between the municipal slaughterhouse and the Administration Building and
parking area at AGTP. This land is owned by the M\D'licipality of Amman, and a
small portion of its includes the dump nlaMole used by both municipal and private
septage tank trucks. The parcel of vacant land together with the existing AGTP
site will cO'l1Iprise some 1.0 hectares. This will be adequate not only for
60,000 m3/day capacity AGTP secondary facility required for the Phase I Invest
ment Program and 15,000 m3/day secondary capacity required dUl'ing 1990-Z000,
but also for the sludge processing facilities commensurate with these capacities.
In addition, a portion of the combined site, on the northeast side, will be withheld
from development, pending potential future requirements for effluent filtration.

The work at AGTP will be so designed and programmed as to eliminate existing
deficiencies and augment and upgrade treatment capacity while maintaining
continuity of service. Such a program will involve orderly staging of individual
construction items as follows:

• New influent sewer and headworks including influent pumping station,
mechanicaHy raked barscreens, aerated grit removal and provision for
polymer addition to primary influent. These will not be placed into
service until the new treatll1ent facilities in the cUl'rently vacant site
(southern plant si te) are completed.

• New facilities for storing and metering septage into the AGTP to smooth
out shock loadings. These will involve discharge direct to the anaerobic
digesters. There will also be aeration of the slaughterhouse wastes prior
to treatment with the main process units. These facilities need not wait
for construction of the new southern plant site treatment works.

• New primary sedimentation facilities, roughing filters, intermediate
clarifiers, and mechanically aerated activated sludge facilities including
secondary clarifiers, and chlorination facilities, aU located in the southern
plant site and having a nominal treatment capacity of 30,000 m3/day,
expandable to 45,000 m3/day.
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• Activation of the new influent sewer, com mon beadworks, and southern
plant site treatment facilities, once these bave been completed and
approved for service.

• Upgrading and expansion of the northern site facilities by selective
improvements to the existing prima1.'y and secondary facilities and by
introduction of roughing filters and intermediate clarifiers between the
primary and secondary facilities, including sludge collection facilities.
These improvements will make the capacity of the northern site facilities
30,000 m3/day.

• Concurrent with the additions and conversions described above, three
anaerobic digesters of 6,500 cubic meters capacity each and located in
the northern plant site. A control building for these digesters would be
included.

• Concurrent with the digester construction, conversion of the existing
gravity sluCl.~e thickeners to dissolved air flotation type thickeners, for
waste activated sludge processing prior to anaerobic digestion.

• Concurrent with the final digester construction, provision Of a new belt
press for digester sludge dewatering, to be located in the building
currently being provided for sludge dewatering Wlder a separate contract.

• Two gas engine generator Wlits with appurtenances and housing on the
northem plant sites, for cogeneration of power and heating of sludge being
fed to the anaerobic digesters.

The work at AGTP described above will bring its sludged processing capabilities
up to the point of accomodating 60,000 m3/day of normal influent plus the return
sludges from UWATP (which will not process sludge).

The estimated construction costs for the above-described improvements, stated in
terms of late 1980 price levels are:

Local

4,195

JD 1,000
FOl'eisn

1,068

~

11,863

The foregoing costs are construction costs. Implementation costs are estimated
to add 50 percent.

Selected design critel'ia upon which the recommended Phase I Investment Progl'am
AGTP improvements have been made al'e presented in Chaptel' 10. Belt press
dewatered sludge will be trucked to the Muwaqqar landfill. Five tl'ucks will be
required during 198Z-83, and this will increase to nine trucks by 1990.
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'rhe AGTP will contbue use of ZZO/380 volt electric power. Certain improve
ments in safety features will be made during the expansion. There will be lhuited
instrumentation provided to facilitate process control by the operators. However,
most controls will not be autolDatic and will rely upon the plant operators.
Limited standby power will be provided sufficient for operating influent pU1DpS
and certain other loads during a posssible power outage.

The Upper Wadi Abdoun Treatment Plant (UWATP) will have an initial nominal
capacity of 8,000 m3/day, adequate for 1990 and anticipating a second stage
capaci ty of ZZ,OOO m3/day, adequate for ZOOO. Plant features and design
parameters are generally comparable to the new facilities proposed for AGTP;
however, 110 sludge processing will be incorporated at UWATP. Rathel', the raw
and waste activated sludges will be discharged into the AWSA prim ary network
via a connecting sewer. They will then be captured and processed at AGTP,

The UWATP Phase I Investment Program construction cost is estimated to be
JD 0.71 million local, JD 0.63 million foreign, and JD 1.97 million total. Project
cost would be 150 percent of these values.

The proposed collec.t.ion systelD work for the Phase I Investment Program involves
gravity sewers exclusively except for a pumping station and force main to connect'
Marj al Hamam to UWATP. KHMC will be connected to UWATP by gravity, and a
new gravity trunk sewer will serve U of J and vicinity. Relief trunk sewers in the
AWSA primary network will be siz'!d to provide total trunk sewer capacities for
the actual peak flows of ZOOO.

The estimated constl'uction costs of the primary collection system improvements
for the Phase I Investment PragralD, expressed in terms of late 1980 price levels,
are as follows:

JD 1,000
Collection SystelD Element Local ForeiE Total

AWSA Primary Network Relief 193 1.4 194.4
New Trunk, U of J and Vicinity

to UWATP 561 5 566
Sludge Lina, UWATP to AWSA

Primary Network 57 53 110
KHMC to UWATP, Gravity Trunk

Connection Z09 Z Zll
Marj al Hamam Pumping Station ZO Z4 44
Marj al Haman Force Main 7Z 63 135
Marj al Hamam, Gravity

Connection to UWATP 60 1 61
Primary Network SUlumary 1,17Z 14974 1,3Z1.4

The project costs comprise both construction costs and implementation costs and
are taken as 150 percent of construction costs. Latel'al sewer costs (secondary
network) are shown in Chapter lZ.
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The i1nplementation schedule for the various improvements is:

AGTP Phase IA
AGTP Phase IB
UWATP, including Sludge Line
Marj al Hamam Trunk (Gravity)
U of J to UWATP Trunk
AWSA Trunk Relief
KHMC Trunk
Force Main and Pumping Stat

Design

198Z
198Z-83
198Z-83
198Z-83
198Z-83
198Z-83
198Z-83
198Z-83

Construct

1983-84
1983-84
1983-85
1983-84
1983-84
198Z-85
1983-84
1983-84

Lateral sewer construction would be coordinated with the foregoing.

CHAPTER II - PROJECT IMPLEMENTATION PLAN

The Master Plan for Wastewater Disposal in the Greater Amman Area involves
major improvements and expansions in the AWSA wastewater collection and
treatment systelD as well as new facilities for areas immediately westerly of
AWSA, for Zarqa-Ruesifa, and for eight other communitiea or combinationa of
communities. The priorities established in the Master Plan favor early conatruc
tion of the facilities for AWSA and immediate vicinity. Zarqa-Ruleifa facilities
are already programmed. The eight other outlying area systems should follow as
soon as funds are available lUld according to priorities.

AWSA already possesses ample legal authority to operatEI within ita service area
and, if neceuary, outside its juriadiction. The Water Supply Corporation (WSC)
has authority to operate both waterworks and .ewerale systema within Greater
Amm an outside of the AWSA area. WSC doee not yet operate any sewerale
systems in Greater Amman Area but i. expected to do 10 within a few years. In
the interim, AWSA is operatinl both the AGTP and Kinl Huuein Medical Center
Treatment Plant (KHMCTP). AWSA could also operate other facilitiee and might
very weD construct and operate the facilities we.terly of AWSA, including the
UWATP, tributary system, and Marj al Hamam collection system.

A National Water and Sewerale Authority is a pOllibility under consideration by
the Government. If impleluented, both AWSA and WSC milht become
department. within thil Authority. Jordan Valley Authority (JVA) milht do 10

also. Such an Authority could serve not only to plan, coordinate and operate
facilitiel but also to eltablilh uniform hilh standardl of system operation,
maintenance, and performance throughout Jordan.

There is a need for broadening, coordinating, and developing the legal buis fol'
the protection of the public bealth and the environment in Jordan. There are also
needs for increased public understanding of the importance of public health and
environmental protection, particularly as reiards wutes and wastewater dlspolal.
Positive aspects, such as wastewater reclamation/reuse and beneficial use of
digested sludges will require long term educational efforts for public acceptance.
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Assuming that desigr. and construction are adequate, the success of wastewater
collection, treatJDent, and disposal facilities in IDeeting their objectives is highly
dependent upon the quality of operation and maintenance provided. This ia
particularly true of treatment facilities where an understanding of the technical
complexities of proces& control is very important, especially in the highest
positions of responsibility but also including those in hour-to-hour charge of plant
operation.

Competence in wastewater treatment plant operation is obtained by a combina
tion of education, training and experience. Qualifications thus gained increase
the wage-earning potential of technical and managerial staff persons in the open
luarket. Thus, adequate remuneration and other incentives are essential if key
experienced personnel are to be retained in service at treatment plants. This is a
problem of which AWSA is aware. Current funding potentials and resulting
personnel policies do not always permit recl'uiting and retention of the caliber of
operators that might be desirable, particularly in the light of the wages offered by
private industry in the Gulf States. Nevertheless, this problem must somehow be
overcome for the treatment plant of the future to function adequately and
reliably.

In addition to reducing staff turnover and maintaining an adequate number of
plant personnel, the organization of such personnel according to responsibilities
and lines of authority luay be a factor in promoting good operation and
maintenance. The present AGTP table of organization lists one management level
staff, five supervisory level staff, ZZ line staff, and 70 laborers for a total of 98
persons. The maintenance aspects are well covered, but experienced operators at
the supervisory and line staff levels are not included. A proposed table of
organization would include the salDe numbers of staff at each level and total but
would establish three supervisory levels of authority corresponding to operations,
maintenance, and laboratory, relpectively, and would have specific positions of
operations personnel and operators instead of having these functions filled by
mechanics, welders, and electricians. Such an arrangement would not reduce the
proper maintenance of the equipment but would lead to improvement of plant
performance, particularly where trained operators were to be provided and
limitations of plant and equipment corrected.

Some equipment and treatment unit limitations exist at AGTP, but these are
programmed for correction in the Phase I Investment Program. However, it will
also be important that improvements are made in the availability of spare parts if
the future facilities are to function adequately. Currently at AGTP, certain
specialized replacement parts must either be purchased locally at exorbitant
prices or else ordered from the original equipment supplier with a 6 to lZ month
wait for delivery.

An operator training progralD for AWSA personnel is to be implelDented, and a
training director has already been assigned and commenced program development.
There will be a need for training of operation and maintenance personnel for
AGTP, KHMCTP, 11WATP, Salt TP, Zarqa-Ruseifa TP, and others within the
Greater Amman Area. This will also be true for other areas in Jordan. A national
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training cenhr, if undertaken, would have several advantages, including
efficiency, broadening the base of participation, and providing an increased
variety of treatment plants and processes with which trainees could become
familiar.

Total staff personnel needed for wastewater treatment plants in the Greater
Amman Area for 1990 conditions are estimated as follows:

AGTP
UWATP
Salt
Sahab
Baqa'a Valley
Abu Alanda
Lower Wadi es Sir
Sukbneh
Hashimiya
Na'ur
Fuheis/Mahis
TOTAL

Total Personnel*.
109 (includes allowance for KHMCTP)

1Z
5
1
6
1
4
1
1
1
z

143

• Zarqa-Ruseifa TP has been studied by another consultant•

•• At least two staff levels of responsibility are needed even in the
plants showing only one person total, i.e. two levels, half-time.

CHAPTER lZ - FINANCING ANALYSIS AND RBVENUB PROGRAM

Construction cost data for proposed facilities for the AWSA system expanded
westerly and for eight independent systems within the Greater Amman Area are
projected for future conditions in 1990, usuming annual inflation of 10 percent
compounded. This inflation rate is assUIDed to apply equally to local costs and
foreign components. The cost breakdown is made to indicate financing require
ments from potential sources. Capitalized interest during construction is Included
as an added expense. The costs shown herein are calculated at 150 percent of
construction costs.

Total Phase I Investment Program costs for house connection, lateral sewers,
trunk sewers, pumping statioJII, force lDains, and treatment plants are
summarized below. The basic numbers are expressed in late 1980 price levels.
Numbera in parentheses ( ) represent the aggregate costs corresponding at the
various years of expenditures, including and illustrating the effects of inflation.
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In 1,000 JD
Local Foreign Total

System Costs Components Costs

Expanded AWSA (including AGTP, UWATP, 19,Z59 13,lZ5 3Z,384
service to KHMe, University of Jordan (Z9,609) (18,936) (48,545)
and vicinity, and Marj al Hamam)

Baqa'a Valley (including service 5,09Z 1,431 6,5Z3
to north-draining Suweileh, Baqa'a (8,055) (l,110) (9,165)
Camp, Safut and Ain Al Basha)

Fuheis/Mahis 90S 14Z 1,04Z
(l, Z68) (196) (1,464)

Lower Wadi es Sir 3,451 Z94 3,745
(4,819) (414) (5,Z33)

Na'ur 476 5Z 5Z8
(665) (7Z) (737)

Sahab 1,379 57 1,436
(l,9Z5) (8Z) (Z,007)

Sukhneh 551 Z8 579
(770) (39) (809)

Hashimiya 575 Z7 60Z
(80S) (38) (843)

Abu Alanda/Khirbet es Suq/Juweideh Z,Z89 66 Z,35Z
(3,196) (90) (3 ,Z86)

Total All Nine Systems 33,974 15,ZZZ 49,196

Capitalized Interest During
Construction (4,5Z7)

Total Capital Requirement in 1,000 JD (76,616)

Operation and maintenance costs for the nine separate systems are also projected.
Debt pl'incipal repayment is included instead of depreciation expense due to the
newness of the eight independent systems and to pl'ovide uniformity of com
parisons among projects. Basic operation and maintenance costs are assumed to
escalate uniformly at 10 percent annually, compounded. However, enel'SY
components are particularly sensitive to inflation8l'y pl'essul'es and are thus
assumed to escalate at 14 percent annually, compounded. Unit rates fol' enel'SY in
1980 81'e 35 fils per kwh; outside of AWSA they are 39 fils per kwh. .
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Annual opE'!ration and maintenance (0 Be M) costs for the nine separate systelus for
representative years during the Phase I Investment Program are projected as
follows. The data include the effects of inflation.

In 1,000 JD
System 1984 1987 1990

Expanded AWSA Z,608 3,704 5,384
Baqa'a Valley ISZ 315 448
Fuheis/Mahis 38 80 116
Lower Wadi es Sir Z9 77 113
Na'ur Z4 56 83
Sahab 16 31 41
Sukhneh 8 Z8 38
Hashimiya U SO 68
Abu Alanda et al 19 38 SO
Total, All Nine Sysems Z,906 4,379 6,341

Assumptions are made as to the growth of service connections for each system,
according to local circumstances. In each case, uniform annual increalel in
acthe service connections from the time of system activation to 1990 are
assumed. The active service connections form the basis of projected wastewater
flows and variable (flow-related) operating costs. The growth of service
connections is a measure of a significant revenue source, that of connection fees.
These are direct contributions to capital cost by each new system user and are not
offset by any costs incurred by the utility for physical connection.

Connection fees are estimated on the basis of cost escalation, historical
practices, and the ability to pay. Connection fees actually are imposed upon non
residential systt.. m users as as well as upon new residences. For simplicity, the
connections and resulting fees are expressed and calculated in terms of population
or dwelling units. It is auumed that about 10 percent of the connected userl wlll
be classified other than single-family users. It i. eltimated that the standard
single-family residential unit would pay a connection charge at least 10 percent
lower than the average fees presented in the analyse••

Connection fees for AWSA have historically been slightly under JD 100 per
connection. Therefore, for AWSA expanded system, connection fees were
auumed to escalate from a value of JD US per connection in 1981 to JD Z80 in
1990, the escalation rate being 10 percent per year, compounded. AWSA has
existing tax revenue which yields significant income.

In contrast, the eight independent systems have no immediate prospect of revenue
generation from sewerage taxes. Therefore, the connection fees for these
systems must be correspondingly higher than those for AWSA. It is usumed that
the initial fee of JD Z40 per connection of 1984 will escalate to JD 4Z0 in 1990.
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The basic, on-going charge for sewer service is the water consumption surcharge.
This method of revenue billing is generally fair and eCluitable, relatively simple to
administer, and easy for customers to understand. This is used for both the
expanded AWSA system and the eight independent systellls.

For the expanded AWSA system, the projections of per household water consumption
extend from a historical basis of about 300 m3/yr. in recent years, assumed to
continue for 1981-82.. For 1983-85, it is assumed that the average annual water
use will be 300 m3 per capita, while for 1986 through 1990 the figul'e is taken as
360 m3 per capita. The surcharge rate for expanded AWSA system is projected to
increase progressively from 65 fil per m3 at the end of 1981 to 2.10 fils per m3 in
1990.

For the eight independent systems, actual water consumption data were not
available. In the absence of such data, it was assumed that the per capita water
consumption, upon which the sewerage surcharge would be imposed, would be 1.5
times the projected per capita wastewater production. The escalating surcalU'ge
rates for the eight independent systems are developed based on historical rates
elsewhere, recommended rated by the WOl'ld Bank (IBRD) and inflationary
escalation calculated to be within the user's ability to pay. The sUl'charge rates
were set lower than those of expanded AWSA system, due to the significantly
higher connection fees of the eight independent systems. SUl'charges commenced
at time of system activation (mid-1984) at 80 fils per m3 and increased
progressively to 145 fils per m3 in 1990.

Experience has indicated that there will be delinquencies by systelD users in the
payment of their sewerage service payments via water consumption surcharges.
Accordingly, the revenues from this source have been discounted by two (Z)
percent for the AWSA system and five (5) percent for the independent systems to
recognize uncollectible accounts or bad debt write-offs. With a uniformly applied
collection enforcement program, uncollectible accounts should be maintained
under two (Z) percent of the total billings.

Projected revenues for the AWSA expanded system include water sUl'charges,
connection fees, sewerage tax revenues, and other income, shown balow for tlU'ee
representative years of the Phase I Investment Program. It should be noted that
tax revenues will be significant due to continuing new construction, in spite of the
2.0-year limit of taxation on properties in Amman. However, there is a need for
receiving tax revenue income or in lieu tax income from the growing areas served
by AWSA outside Amman Municipality so that inequities will be corrected.
Expanded AWSA's projected revenues are:

Revenue Source

Water Surcharges at 98 percent
Connection Fees
Sewerage Tax Revenue
Other Income (including septage fees)
Total Income

In 1,000 JD
1984 1981 1990

601 1,640 3,114
690 449 511

1,042. 1,099 1,463
140 186 2.49

Z,419 3,314 5,403
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When the anticipated AWSA revenues are compared with operating costs,
including certain depreciation expenses and costs for normal improvements and
replacements, it is found that a deficit exists even before capital obligations are
considered. These capital obligations comprise interest charges on previous loans
and debt servicing on the capital improvements I)n the Phase I Investment
Program (10 percent interest Z5 year loan), including capitalized interest during
construction. The corresponding values for the expanded AWSA system for
representative years in the program are as follows:

1990

5,403
6~Z84

881)
Z30

5 445
(&,556)

In 1,000 JD
1981

3,314
4,404

(1,030)
Z30

4,983
(6,Z43)

1984

Z,419
Z,608

(lZ9)
Z30
Z13

(51Z)

Item

Total Income
Total Operating Costs
Difference
Interest ... Previous Loans
Debt Service, New Loans @ 10%
Net Operating Surplus

* A deficit is denoted by parentheses O.

In contrast to the expanded AWSA system, it was immediately apparent that the
eight independent systems would lack sufficient revenue to be able to meet
operating expenses as well as full debt service. Therefore, it was assumed that
these systems would be responsible for meeting limited debt service requirements,
based on the escalated projected costs plus interest during construction as
follows:

Responsibility of System
Percent 1,000 JDSystem

Baqa'a Valley
Fuheis/Mahis
'Lower Wadi es Sir
Na'ur
Sahab
Sukhneh
Hashimiya
Abu Alanda et al

Total Capital
Cost, 1,000 JD

9,895
1,585
5,663

798
Z,l1Z

876
91Z

3,551

15
o

10
o

30
ZO
10
ZO

1,484

°566

°65Z
175

91
111

The balance of total revenues and total expenditures, including discounted capital
obligations, for the eight independent systems, shows the following data of
surpluses or deficits 0 for representative years of the Phase I Investment
Program:
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In 1,000 JD
System 1984 1987 l22Q.

Baqa'. Valley Z94 (77) (I,Z13)
Fuheis/Mahis 66 69 (IZ7)
Lower Wadi as Sir 109 44 (Z04)
Na'ur Z7 (16) (175)
Sahab 117 98 (5Z)
Sukhneh 45 Z4 (69)
Hashimiya 34 (Z6) (l8Z)
Abu Aland. et a1 1Z7 9Z (99)

In the foregoins analyses, the surplu. tend to run out and deficit. accumulate al
time r,oes on and the early benefits of service connection fees U'e overtaken by
mounting operatins co.ts.

Sensitivity analyses were made to explore the effect. of major adjultmentl in
revenue sources for the extended AWSI\ system upon the abUlty of the syltem to
meet debt service requirements as well a operatins expenlel. It Wal found that
no single major revenue adju.tment would meet revenue requirementl if financins
of the proposed facilities involves 10 percent interelt rate. The closelt sinsle
method was that of doublins the proposed water cOnlumption surcharse, but thil
still fell short. The additional revenue nised by this device averased lome JD
1.45 million per yeu but wa only 43 percent of the average debt lervice required
during the period 198Z-90. Doubling the tax rate wa. leiS productive for revenue
generation and doubling the connection 'lees wal even lei. productive than tax
increases.

Doubling the AWSA water consumption surchU'ge would yield JD 3.11 million
additional revenue in the year 1990, but thi. wa. sttll 57 percent of the debt
service of some JD 5.44 million that year, bued upon the 10 percent interest rate
and Z5-year repayment. Drol'pins the interelt rate to 3-1/Z percent, however, if
combined with the 100 percent water surcharge increa.e, would almo.t make the
project financially self-supportinl.

A compU'able sensitivity analysis was run for the eisht independent systems to
determine the increued revenues that milht be realized if water cOnlumption
lurchU'ges and connection feel were both doubled. It wu found that the
combined effects of these increases would generate additional revenues
corresponding to a low of 17 percent of averale annual debt service without
discount (for Lower Wadi es Sir) to a hilh of 4Z percent of average annual debt
service without discount for Sahab. ThUl, even with these drastic measures for
increasing the major revenue sources, there was no possibility of generating
sufficient income for anything approaching full debt ser'lice.

Financing alternatives considered for buproving financial feasibility are as
follows:
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• Taxation· This could be applicable to AWSA, but may not be practicable
in view of an increase already experienced durini recent year.. It does
not appear a Ukely possibility for the eiiht tndependent systelftS due to
difficulties in establishment of taxing areas matchini the propo.ed areal
of benefit from the sewerage projects and in administerini the
corresponding taxing mechanilms.

• Special aSleslment districts - This device entails establishment of special
improvement districts to finance allocated port-ion. of the waltewater
collection systelu via allotted costs 'to individual properties in the area of
benefit, according to the aSles.ment formula. The exiltini admini.trative
structures in the Greater Amman Area do not currently encouraie luch
financing methods, due to their complexities of adminiltration. However,
further study may be warranted.

• Inproved tariff structures - A more product!ve and equitable tariff
structure than the water consumption surcharie could be developed
whereby a service charie could cover fixed COlts and a conlumption rate,
based on user classification, could cover the variable costl. Thil would
require a complete tariff study.

• Subsidy of capital co.ts - This po.sibility should be con.idered by the
Government and potential financing agencies in view of the potential
benefits to the public health, welfare, environment and standard of livini
that would accrue from the proposed improvements.

An ability-to-pay analysis was conducted on the expanded AWSA .ystem and eight
independent systems, using 1985 conditions as the basis of the test and con.iciering
average low income groups household income. It was ..sumed initially that not
more than five (5) percent spendable incor4e should be required for both water and
sewerage service, with a Z-1/Z percent limit on each type of service. The total
sew·:.'rage charges included both the monthly water consumption surcharie. and the
amolftized sewer connection fees (over a five-year period). It was found that
these two charges correspond to spendable income ranatng from a low of Z.7
percent in the expended AWSA system to a high of 3.8 percent in the Baqa'a Valley
system. this slightly exceed. the arbitrarily cho.en ceiling of Z-1/Z percent for
sewerage. However, the one-time sewer connection charge repre.ented more
than half the total monthly co.t and would vanish after five years, thul improvini
ability of low income household groups to pay for the facilltiel under the
arrangem ents previously described.

Considerations of institutional arrangements result in the recommendation that
AWSA own and operate the expanded AWSA system and levy charges for all those
who use it.

A similar recommendation is made for WSC with respect to the eight independent
systems.
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APPENDIX A - ABBREVIAnONS

This includes a list of Abbreviations of Technical terms and a list of Propel'
Names of Institutions, Agencies, and Facilities.

APPENDIX B - SOCIO-ECONOMICS

This Appendix presents the methodology used for projecting saturation populations
for Amman, Wadi es Sir, Suweileh, Madaba, Sahab, and Na'ur. This involves
determinations of zones al'eas for residence•.. and current states of development
followed by calculations for saturation development according to zone.

APPENDIX C - ENYmONMENTAL CONSWERA11ONS

This appendix comprises the NPC invitation of selected agencies to the
environment al scophag meeting, the minutes of the scoping meeting, the
environmental scoping statement, and the letter from the Department of
Antiquities concerning proposed treatment plant sites within the Greater Amman
Area.

APPENDIX D - INDUSTRIAL WASTE DATA

Appendix 01 presents general data and information on industrial wastewater
composi tion and loadings, both for raw wastewater and pre-treated watewater,
of the type that may be encountered in the Greater Amman Area. Summary
information on two industrial wates ordinances in use in the Los Anlelet,
California area is also presented.

Appendix OZ presents tabular Rules and RegulatioDi Governing Oi,polal of
Industrial Wastel to the Sanitary Sewer and Storm Drain Systeml of the City of
Los Angeles, California.

Appendix D3 is a lilting of some typical indultries in the Greater Amman Arna
together with identification of selected induatriel that were viiited by a brief
consultant survey during the Muter Plan study. Field information for two large
wate'r consumer/wastewater producer industries is included.

APPENDIX E - SANn'ARY SEWERS INFORMA110N

A brief description on the theory and practical experience in hydrogen sulfide
production in sanital'y sewers is presented. This is followed by a description of
the field inspections and flow gagings conducted in the AWSA sanitary network on
September 17 and 19, 19<10 and on Octobe lZ and 13, 1980. The findin,s al'e
presented together with conclusions that the steep terrain of Amman makes for
relatively high sewer flow velocities with satisfactory aeration of the flowing
wastewater. Concrete sewer pipe has appal'ently performed well in the AWSA
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sanitary network and should be acceptable for future conditions there and
elsewhere.

Resul ts of flow gaging via "Velocity Stick" are also presented for those selected
manholes which were in th(! collection system which were accessible and
appropriate for such gaging. Also included a1'e gagings on certain contiguous
manholes, which enahled calculation of an appropriate value of "n" used as the
friction coefficient in tht1 Manning Formula. University Pumping Station power
consumption data are converted to average flow in 1979 in order to expand the
available sewer flow information.

APPENDIX F - COMMUNITY SANrrATlON RECONNAISSANCE

The results are present'i!d of a limited community sanitation reconnaissance which
was undertaken in the summer and fall of 1980 within the Greater Amman Area.
The purpose was to obtain general information on sanitation conditions relating to
water supply and, particularly, to sewage disposal. Twenty-nine unsewered
communities were visited, including once refugee camp, and available information
was obtained on subsurface sewage disposal conditions and future outlook. The
results, which are indicative but not rigorous, are presented in a series of
tabulations according to size groupings of communities. A summey tabulation is
also presented.

A general impression to be gained is that within the majority of communities
visited, some problem with subsw'face sewage disposal is already experienced, and
the outlook is increasingly unfavorable. The reconnaissance results usisted
identifying potential cesspool disposal problem areas and in setting priorities for
wastewater collection and treatment.

APPENDIX G - SPECIAL CONDmONS AT !Jttl CHAZAL TREATMENT PLANT

Appendix G1 is a letter report which <ls:Jesses the structural feasibility at AGTP
of converting the double deck secondiU'y sedimentation tanks to single deck tanks
by eliminating the middle slab. These modifications have been proposed in order
to improve the t;Ulids removal efficiency of the tanks. The report presents two
feasible means of structural modifications that will permit any tank to be filled
while adjacent tanks 81'e empty. These involve reinforcing the walls and their
cantilever strength or, alternatively, providing transverse horizontal struts
between the existing walls at regul8l' intervals. The partially relDoved horizontal
slab could be used to accomplish this.

Appendix GZ presents two engineering drawings showing existing electrical
conditions at AGTP.

APPENDIX H - WATER QUALITY DATA

Apendix HI is reserved for summary data to be supp.ied, when available, by the
Royal Scientific Society, on their laboratory analyses of various water samples
collected in the Seil Zarqa and King Talal Reservoir during 1980.
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Appendix HZ presents discussions of water reclamation pot9ntials for the Greater
Amman Area for landscape irrigation, recreational hnpolJndment, agricultural
irrigation, body contact recreation and spray irrigation, and industrial
applications. Criteria of the California Statp. Department of Health on these
potential applications are also presented. These include required treatment and
allowable coliform densities (MPN/I00 ml). Alst) included are minimum quality of
reclaimed water to be attained for agricultural use. Finally, there is a discussion
and presentation of water quality criteria for irrigation waters, with emphasis
upon the mineL'al makeup of the water, the types of crops being irrigated, the soil
types, and the manner of irrigation.

Appendix H3 reproduces the State of California Department of Health's
"Washlwater Reclamation Criteria," California Administrative Code, Title ZZ,
Division 4, Environmental Health. These include various regulations governing
facilities, monitoring, and controls for water reclamation projects to assure
reliability in the production of reclaimed water in order to ensure that its use
does not impose undue risks to health. These are in addition to regulations that
establish acceptable levels of constituents of reclaimed water.

APPENDIX I - DESIGN CRITERIA

Engineering design criteria are presented. for wastewater collection system
elements that have been used in the preparation of the Mastel' Plan. These
include wastewater flow rates and facilities criteria for gravity sewers, pumping
litations, and force mains.

APENDIX J - COST ESTIMATING

Background information and adopted criteria are presented for estimating costs of
various elements of the wastewater collection and treatment disposal facilities
considered in this Master Plan and Feasibility Report. This includes pressure
pipeline costs that would be applicable not only for wastewater force mains but
also for transmission of liquid sludge or reclaimed effluent to points of disposal 01'

use. Cost curves for sewers, pumping stations, and treatment plants are
presented, along with expanations.

APPENDIX K - CHARACTERISTICS OF WASTEWATER SLUDGES

Digested sludge characteristics for AGTP and Salt TP are indicated. These
appear normal, although they are based on very lhnited sampling. For illustrative
purposes, analytical data cu.'e shown for various inland and coastal treatment
plants in two major sewerage networks. Both micronutrients and macronutl'ients
are likely to be present in digested sludge. Items of potential concern are toxic
materials. These are most likely to originate from industrial sources.

APPENDIX L - COMPARISON OF ACTIVATED SLUDGE WITH R.OUGHING FIL
TERS-ACTIVATEDSLUDGE

This appendix recounts the detailed technical and cost comparisons that were
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made by JMM/DMJM between the two basic secondary treatment alternatives for
AGTP: TAl (conventional activated sludge) and TAl. (roughing filters followed by
activated sludge). Experiences from the professional literature are cited as are
personal experiences of the consultant. The facets of capital cost, space
requirements, energy demands, operational familiarity, and power recovery
potential are all important considerations. The advantages of one alternative
over the other trend to vary among these various facets. The selection is made
for TAl., based upon a balance of considerations.

APPENDIX M - PHOTOGRAPHS

Several photographs and sequences of photographs are shown as an aid in
documenting the investigations of the Consultant. These include the AWSA
collection system, the AGTP and several of its elements and operations, the Seil
Amman, the Seil Zarqa, King Talal Reservoir, Salt Treatment Plant, and Wadi
Salt.

CONCLUSIONS AND RECOMMENDATIONS

As a result of the appraisals and analyses set forth in this Master Plan Report for
Wastewater Disposal for Greater Amman Area, the following conclusions and
recommendations are made:

1. The quality of groundwaters and surface waters within the f~f1uence of
discharges of pollutants of the urbanized portions of the Greater Amman
Area is suffering from degradation due to these discharges. Adverse
impacts are less severe outside the heavily populated areu. Unless steps
are taken to remedy the discharges of pollutants, including major
septage contributions, groundwater quality in vulnerable areas will
become ir.creasingly substandard for drinking water supply and may
eventually require expensive treatment in order to be acceptable for
such use.

z. Discharges of pollutants to the Seil Zarqa are degrading that stream and
having adverse impacts upon the King Tala! Reservoir downstream.
There is an obvious need for control and reduction of these pollutant
discharges. This is due to public health aspects and the great reliance
which must be placed upon the integrity of the very limited water
resources available to the Greater Amman Area.

3. Initial emphasis on water pollution abatement should be placed upon the
heavily urbanized aree,s because these are having the greatest adverse
impact upon the environment, produce the greatest public health
hazards, and are generally the most cost-effective to be remedied.
Attention must then be directed to other urban areas for they, too,
contribute to environmental degradation and public health jeopardy.

4. Reduction of pollutant discharges to the groundwaters and surface
waters must be accomplished by means of public wastewater facilities
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for collection, treatment, and disposal in such a manner that discharges
of septage underground will be greatly reduced and municipal treatment
will be at sufficient level to permit discharge of effluent to the various
wadis within the Study Area. Such discharge to watercourses will be
necessary in most cases. Exceptions involve small to moderate systems
located in relatively flat terrain where land costs will not preclude the
use of lagoon type treatment, so sized as to preclude the need of any
discharge.

5. Although provision of sewer systems removes pollutants from the
underground, it does add some residual pollutants to surface waters, via
the treatment plant effluent, that were not t:.ere previously. However,
tne overall effect is beneficial to the environment a.~d to the public
health, pro'vided the wastewater systems are designed, constructed, and
operated properly.

6. The first priority of pollution abatement should be given to Amman, the
immediately surrou",ding areas, and the Zarqa-Ruseifa area. The Zarqa
Ruseifa area is f.\lready programmed to be provided, with public
wastewater facilities. Amman Minicipality is already providt!d with a
basic primary network of trunk sewers and a fairly extensive secondary
network of lateral sewers that is currently underutilized due to a lesl
than-anticipated rate of connection of buildings to these sewers. The
surrounding areas are yet to be sewered" but sewers will be needed for
portions of these in the relatively near future and for other protions
before the end of the planning period, year ZOOO.

7. Areas adjoining Amm,an which should be sewered initially include north
draining Suweileh, Jubeiha, University of Jordan and vicinity, Umm es
Summaq, and upper Wadi es Sir. Wastewater flowl from these ueu
should be made tributary to a new treatment plant in the upper reachel
of Wadi Abdoun. Flow from north-draining Suweileh will requizoe
pumping accross a watershed divide. Flow from University of Jordan and
vicinity will be diverted to a new gravity trunk lewer and will no longer
have a pumped via the University Pumping Station. There will be no
need to construct pumping stationa west of the Sixth Circle, Jabal
Amman, as orilJinally planned by AWSA.

8. Another area adjoining Amman which should be sewered initially includes
Marj a1 Hamam. This area should contribute by a new gravity trunk
sewer to the AWSA primary network as currently being extended up the
Wadi Abdoun. It will not be COlt-effective to pump Marj al Hamam flow
to Upper Wadi Abdoun Treatment Plant.

9. A housing project area east of the Amman Airport runway could be
considered for initial phase sewering, provided Schneller Camp were also
to be sewered. If the Schneller Camp sewerage project were to be
deferred until after 1990, this would also defer sewer service to the
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housing project. Sewering the housing project, and East Marka, would be
by a trunk sewer connecting to the Zarqa-Ruseifa primary network. It is
possible that such connection be made by gravity. However, natural
gravity drainage is currently blocked by an obstruction, and pumping
might be required to circumvent this.

10. The trWlk sewer to serve south-draining Suweileh as far as King Hussein
Medical Center, and vicinity should be deferred until after 1990, at
which time there will be sufficient development to warrant this project.
In the meantime, a new KHMC treatment plant is presently programmed
for construction to accommodate both the existing load and additional
load soon to be imposed from expanded clinic, hospital, and staff
facilities. The new KHMC treatment plant will supplant the e,dsting
one. However, as soon as KHMC can be connected to Upper Wadi
Abdoun Treatment Plant (UWATP) the KHMC treatment plant should be
retired.

11. It will be necessary for the wastewater treatment capacity of AWSA to
be increased greatly to accommodate the additional wastewater flows
anticipated both from Amman and from sU1'lounding areas. This would
be true even if there were to be no inclusion of surrounding areas in the
wastewater system.

n. The AGTP was designed to handle the flow contributions of 300,000
persons and a flow of 60,000 cu m/da. However, the wastewater from
Amman is much more concentrated than had been anticipated, and
discharges of septage and industrial wastes from municipal
slaughterhouse make it difficult to produce a satisfactory effluent for
discharge into the Seil Amman, even at present now levels. In addition,
there are certain limitations in some of the treatment units that require
a downgrading of the plant's capacity to a level not much more than that
which is presently being experienced for tributary population (about
Z80,000 persons) and flow levels (about Zl,OOO cu m/da). This means that
major expansion is required immediately in order to accommodate
increased flows from new sewers currently under construction, new
sewers programmed for the AWSA network, and new sewers that should
be constructed in adjoining areu.

13. AWSA's AGTP should be upgraded and expanded under a program that
will increase its capacity ot 60,000 cu m/da by 1990 and 75,000 cu m/da
by year ZOOO. This will be necessary to accommodate the projected
flows of wastewater from Amman and adjoining areas and will represent
the maximum l'easonable utilization of the existing AGTP site and of the
currently vacant municipal land between the municipal slaughterhouse
and the Administration Building of AGTP.

1-41



SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

14. An Upper Wadi Abdoun Treatment Plant should be built near the
watershed divide between the Seil Zarqa Sub-basin and the Southwestern
Sub-basin, having an initial capacity of 8,000 cu m/da for 1990 flows and
an enlarged capacity of ZO,OOO cu m/day for year ZOOO flows. The
UWATP should intercept and treat flows from upper Wadi es Sir and
northerly. This will be more economical and less disruptive in AWSA
trunk sewer reinforcement than allowing these peripheral flows to pass
through the AWSA system to Ain Ghazal and beyond. Downstream of
AGTP, there should be a Kharbet er Ruseifa Treatment Plant,
constructed ater 1990 and having a total capacity of 56,000 Cll m/da.

15. The type of treatment to be employed at AGTP should continue to be the
activated sludge process, except that mechanical aeration should be
employed instead of diffused air aeration, for new units and roughing
filters should be introduced ahead of all activated sludge units due to the
exceptionally strong wastewater. Roughing filters activated Iludge
should also be used at UWATP and KRTP. Anaerobic sludge dilestion
should continue at AGTP and should be included at KRTP. No sludge
processing should be included at UWATP, sludges from which will be
recovered and processed at AGTP and KRTP.

16. Effluent disposal should continue to Seil Amman/Seil Zarqa for AGTP
and this should also be planned for KRTP, it being impractical to dispose
of the effluent elsewhere. In order to provide for increased public health
protection via public access to Seil Zarqa and agricultural irrigation
practiced with flow diversions, effluent filters should be planned for
these treatment plants and be implemented as soon as funds are
available and careful study shows that the benefits of this will exceed
the costs. Effluent filters should also be planned for all Study Area
treatment plants discharging to wadis or supplying water for irrigation or
other beneficial use. The planning anticipates plant space allocation for
these additional facilities in future years and also for denitrification,
should this become necessary.

17. No significant demand for reclaimed effluent has yet been identified, so
that it is not possible to program facilities for reuse. Effluent reuse may
eventually become significant but will require careful controls fo~ the
protection of the public health. The UWATP will be strategically
located for reclaimed water service to upper plateau areas and also for
flexibility of effluent discharge to alternative sub-basins.

18. Belt press dewatering of digested sludge should be implemented and
eventually expanded for AGTP because this is the most efficient and
cost effective of the mechanical dewatering alternatives. Open drying
bed dewatering is impractical at AGTP because of space limitations.
Belt press dewatering should be incorponted at the future KRTP and
should eventually replace the open drying beds at the programmed
Zarqa-Ruseifa TP.
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19. It will be most economical and flexible for dewatered sludges from
AGTP, KRTP and other treatment plants to be trucked to disposal sites.
Tank trunk transport or pipeline conveyance of liquid sludge is l110re
costly and less flexible.

20. Throughout the Greater Amman Area, programs should be developed for
beneficial use of digested sludge for reforestation and, eventually, for
agricul tural application. Such programs must be carefully controlled for
reasons of protection of the public health and the environment.

21. The second priority for pollution abatement should be given to' the less
heavily populated areas by means of individual systems serving single
communities or groups of communities, none of which is presently served
or programmed to be served. The priority rankings for these systems
should be as previously described for Sahab, Baqa'a Valley, Abu Alanda
etal, Lower Wadi es Sir, Sukhneh, Hashimiya, Na'ur, and Fuheis/Mahis.

22. The type of wastewater treatment to be provided for the systems of the
outlying areas should be:

Treatment

Roughing Filter/Activated Sludge

Activated Sludge (Extended Aeration)

System

Baqa'a Valley

Lower Wadi es Sir, Na'ur,
Fuheis/ Mahis

Facul tative Lagoon (Designed for
Total Containment of Flow)

Sahab, Abu Alanda/Khirbet
es Suq/Juweideh, Sukneh,
and Haahimiya

23. Effluent disposal for four of the outlying plants should be to the adjacent
wadis, from which most flow will be recovered for riparian irrigation or
in the JVA reservoirs in the Jordan Valley. Effluent filters should
eventually be provided for these plants. Digested sludge dewatering
should be via open drying beds, with disposal initially to approved
landfills.

Z4. It will be necessary for effective programs to be developed for the
control of industrial wastes discharges. It does not presently appear
necessary to restrict the use of hard detergents.

Z5. It will be necessary for baseline data to be developed and extended in a
program of environmental monitoring, with major emphasis upon water
quality, so that the effects of the Master Plan program implementation
upon the environment may be assessed on a long range and continuing
basis.
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Z6. As a result of the studies and analyses of this Master Plan report, it is
recommended that the following be accomplished (in which the costs are
stated in terms of late 1980 price levels):

A. Arrange for and implement a wastewater facilities program for
AWSA and adjacent areas which will:

a. Expand and upgrade the Ain Ghazal Treatment Plant (AGTP) as
described herein, this work to have the highest priority. The
Phase I Investment Program estimated project cost for this work
is JD 17,795,000.

b. Construct reinforcements to certain trunk sewers in the AWSA
primary network. The estimated Phase I project cost is JD
Z91,000.

c. Provide trunk sewer service to various areas westerly of Amman,
includina pumpins the north-draining portions of Suweileh. The
estimated Phase I project cost is JD 1,043,000.

d. Provide an Upper Wadi Abdoun Treatment Plant (UWATP) to
intercept and treat those flows which originate westerly of
Amman and north of southern Wadi es Sir and which would
normally be tributary to Seil Zarqa Sub-basin via Amman; also
flows from north-draining Suweileh, which is naturally tributary
to Baqa'a Valley. Discharge effluent from UWATP either to Seil
Zarqa Sub-bain or Southwestern Sub-bain a may be found most
appropriate. The estimated Phue I project cost il JD Z,955,000.

B. Arrange for and implement wastewater facilities for outlylns areal
accordins to the following prioritiel, area and estimated Phase I
investment program project COltl:

a. Sahab - JD 671,000

b. Baqa'a Valley (if Baqa'a Camp is sewered) - JD 3,194,000. If not,
the project should be deferred until after 1990.

c. Abu Alanda/Khirbet es Suq/Juweideh - JD 1,386,000

d. Lower Wadi es Sir - JD 905,000

Z7. If sufficient funds are not available to implement all of the above
mentioned projects, implement first those projects for which funds are
available according to the priority indicated by their order of listing.
Defer the remaining projects for the Phase II Investment Program. Re
evaluate the unimplemented projects from time to time to ensure the
continued validity of their priorities.
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CHAPTER 2

INTRODUCTION

BACKGROUND

'rile Greater Amman Area i. defined, for the purpo.e of thi. Muter Plan, a. the
area within 30 kilometer. radiu. from the center of Amman. FilUl'e. 2-1 and 2-Z
are a location map and Study Area map, re.pectively, depictinl the I'elative
leoll'aphical location and extent of the Study Area covel'ed in thi. MuteI' Plan.
The "Study Area" and "Greatel' Amman Area" are Uled here interchanleably.

Amman, the capital of the Huhemite Kinldom of Jordan, hu experienced rapid
1I'0wth in the pa.t two decadel, tran.fol'minl it into a majol' metropoll. bordel'ed
by II'0wini .ubUl'b. and outlyinl commUDitie.. Amman'. exi.tinl wutewater
facilltiel, undel' the juri.diction of the Amman Water aDd Sewerale Authority
(AWSA), do not extend much beyond the border. of Amman Municipality. AWSA'.
exi.tiDi lewerqe network il e••entially a pavity Iy.tem drahunl to Ain Ghazal
Treatment Plant (AGTP) and eventually to Sell Amman. Much of the Irowth in
the outlying ueu in the we.t and south i. outlide the draiDqe buin of Sell
Amman. The.e new areu, which are cUl'rently uuewel'ed but reliant upon
ceupooll for wutewatel' di,polal, mipt be made tributary to the Ain Ghazal
Treatment Plant by coutruction of .ewale pumpinl statiou. Convenely, they
could be permitted to drain natUl'ally, via new treatment ·plaDt(l) directly to other
wadi(s) that ditch_Ie to the Jordan Valley.

It il evident that the Amman wutewater facilitiet, particularly the major tl'UDk
liDe. and treatmeDt plaDt, will require careful apprai.al aDd planninl u to their
future I'ole in the overall wutewater plan for thi. Study Al'ea. The be.t overall
solution for Amman and neipborinl commUDitie.' wutewatel' dilpo.al problem.
I'equire. a reFonal mutel' plan .tudy, taldDlinto account eDFneel'iDl, economic
and environmental concel'Dl.

It i. worth DotiDl that sewerale facilitia for ZUqa and RUieifa were covered in a
separate Itudy and cODltruction i. expected to commence in 1981. Madaba,· al.o
within the Study Area, will be covered undel' a .eparate .tudy.

AUTHORIZATION

OD 17 May, 1980, the National Planninl Council of the Government of the
Huhemite KiDldom of JOl'dan (NPC) entered into an Apeement for Profeuional
Service. with Jama M. Montlomery, ConlultlDl Eqineerl, Inc., and DMJM
International, a Joint Venture, in ulOciation with the Couultinl EnFneerinl
Center. NPC desired to obtain a Muter Plm for Watewater Di.po.al for the
Greater Amman Area and to expand and uppade the exi.tiDI wutewater
tl'eatment plaDt in the City of Amman and/or to plan, de.ip and cODitruct new
wutewater plant••
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Accord.tUlly, NPC &franled the Conaultant'. dutie. in three .ucce'live Stalel, viZI

• Stage I involved a Itudy and preparation of a Mute. Plan fol'
_-atewater di.po.al within the Greatel' AIDman Area.

• Stale D cOlDpri.ed preparation of final de.ip dl'awinp and lIpeci
ficatioDl, includinl tender documentl of work to be conltructed,
lel'vicel U I'equired fol' prequalification of tendel'el", and contract
DellotiatioDi and award.

• Stale m wa to provide Hl'vice. U I'equil'ed for .upel'Yilion of
con.tI'uction of the Project•

. MASTER PLAN OBJECTJVBS

The genel'al objective wa to eltabUlh ID intepated framework witb an adequate
lyltelD of waltewatel' di.po.al for tbe Greatel' Amman Area. Specific objecti"el
included the followins:

1. Conduct a Itudy and prepare! a Mater Plan fol' Watewatel' Dapolal for
the Gl'eatel' AIDman Area up to tbe yeU' ZOOO, identifyinl the ..ea
within Amman and vlcbuty which can be economically tied to the Ain
Ghazal Treatment Plant 01' new plant.(I).

Z. identify the U'ea of tbe Greater Amman that Ibould be co.ected to
new treatment plantl, recommend 10ca',ioDi for luch plant. and the
timins of plant and lewer..e netwol'k cOllltruction, determine U'eu to
be I .."ed by tbe "utoua planta, eltabli8h prioritie., and eltbDate COlta.

3. Prepue a technical and economic feuibility .tud,. of tbe Phue I
In"eltment Prolram to reflect tbe leat capital and operatioDl COlt
solution for dilpo.al of watewater flo.1 for the Greater AIDman AHa
up to the yeu ZOOO. Said .tudy milbt include expaulon and UPPacllnl
of the exiltins Aln Ghazal TreatlDent Plant ad/ol' cODltruction of one
01' mON plantl ellewbeN.

4. Baed on a preUlDinU'y Itudy of the exiltiq le.er bUIlt lin.. iD
AmlDan, in"eltllate their adequacy to c....y additional flo•• cOlDpat
Ible wltb the Ilze of the I'ecommended expaded and uppaded AiD
Ghazal Tl'eatment Plat.

s. De"elop detailed, flexible, In"e.tlDent propalDl for Aln Ghazal Treat
ment Plant expanllon and uPlracllnl and/or cODltl'uction of new plat(.),
with tbe fint Implementation phae to be ..tabUlhed In detail to
PI'9Yide for ne. up to yeU' 1990. Said prolraml mu.t be ealily
ad"anced 01' poItponed to meet tbe actual arowth requirementl of the
city.

6. Plan fUl'thel' cODltl'Uctlon phue. to cater fol' Deedl up to yeu ZOOO.
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INTRODUCTION

7. SUllLelt the percent.lle ot population to be connected to and ••,v. by
the .ew••age ~y.tem under e.ch p,oject Implementation ph••••

8. Recommend u.e. 0. dllpo.aJ ot tre.t"d ",.ltew.ter UICl .ludle under
each p.oject Implementation ph••••

9. Recommend minimum quality to be att.Ined to. treated w••ewat••
under ••ch p.oj.ct Imp1em.ntation ph••e, with Ip.cl.l ••t.renc. to
en"ironment.l p,otec Uon at the cltl••, lurroUlldlnll area., IIICl down
.tream .at•••h.d a••a..

10. COlDpare .lternad". wa••••t•• tr••tlDent t.clUd•• UICl efflu.nt and
.ludle dllpo.a1 ud/or u'. arranllelD.nt., both u to co.t., b'.i),dlt.,
op....ticm IDd mamt.nanc:., and t.chnlcal ....ect••

11. App.alle lIen.r.Uy p....t and tutun conditions Nllardinll wat.rborn.
dll.....~ h••lth .lpect. "i.-a-"II HW.'". t.elUd•••

lZ. Recomm.nd lloal. and objecU••• for hDpro••lDent to b••xpected trolD
the cOlDpletion ot "uiou. implelD.nt.tion phaH' ot the p.oj.ct.

13. IxalDi. ud a•••••ironlD.ntal probl.lD. that lD.y uil. or .xilUDI
p.obl.lD. that m.y b. -a.ayat.d by AiD Qhual Tr••t_at Plat
.xp••icm .ith puUculu .mpha. 011 .ludl. tr••tlDent ad dilpo.a1.

I". A••• wa••••t•• chuact••ilUc. IIId tr••tlD.nt ••qubelDent. 0 ••• the
Ute ot the Proj.ct, bued on flow. ad .tfluent quaUti•• for .uioUi
..... to b. H ••ed.

15. RecOIDIDeDd HlDi tiDl controll 011 adIDII.iOD of indult.ial w•••w.t•• ad
bud det.rll8DtI to the lI.n••al .,.t.lD.

16. In•••tt••t. and .".lu.t. iDdultrial w••t•••t•• dilchull.' to the Ain
Ghual Tr••tlDent Plant, d.t.rlDiniDI which eli.charl.' would b. d.let.
riou. to the plut p.oc.. IIId NcomlDeDdiq Dec••.., p..tr.atm.nt
for compatibility. I.'

17. Fa. Zarqa/Ruaeifa ue., utili•• the indult.ial .ut•• Itudy p.rfo.med
..parat.ly by another cODlUltant.

18. Id.ntify problelD are•• in the Ain Gha.al Tre.tlDent Plut ad ...luat.
the ai.tinl proc....

19. In"•• i.at. ud recommend lD.alUre. CODC.mm. the UN of lDethall.
I.' from dilelt... for pow.r lupply, bued UpOD ecoDOmic ad tecbnic.l
cOD.ideraUon..

ZOo In"•• ilat. and recomlDeDd m.a8Ul"8' 011 the dilpola1 of Uquid or dried
.ludle.
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INTRODUCTION

Zl. I.timate detailed capital co.t. of conatructlon under Implementation
Phue I of wa.tewater treatment, includinll .pecified bue. of pre.ent
day price. and future e.calated priceli for the conatruction period.

ZZ. Provide recommendationa u to .eweralle taxe., rate., and other,
releYant charlie. for operatinl and maintaininll the tr"atment plant••

Z3. ReYiew and apprai.e the exi.tinl pllDDed orl_izatioDal .tructure of
the operatioD and mainten&l1ce diYiliona of the aleDeie. concerned with
the project.

Z4. Prepue a trainiDI propAID for operatioD and maintenance peno.el.

FoUowiDI completion of the Muter Plan and Feuibility Studle., the objectiye.
would be to perform the fiDal de.ip, reDder prequaUficatioD aDd precoDtract
•.,Yice., &DCl proYide eDpDeeriDI ••Yice. duriDI cODitruCtiOD of the Ain Ghazal
Treatment Plant expauioD ud uppadiDi aDd/or Dew plut(.).

STRUCTURE or STUDY AND RDORT

The wo.k repo.ted upOD hereie repre.eDt. the iDtepated effo.t. of a multi
dilcipliDed team of profeuloDal.. Althouah p.imuUy u _IiDeerbll !Dye.tila
tiOD, the wo.k allO required the putieipatioD of a Socio-lcODOlDi.t, EDYiroD
meDtal An81y.t, Public Health CODiultut, FiDucial AD81y.t, ud Ope.atioD ud
MainteDuce TraiDina SpeciaU.t. The fint chapter of tbi. repo.t repr••at. a
SumlD.." CondulioDi ud RecommeDdatioDi for both the Muter PI_ for
Watewate. ud Sludae Dilpola! ud the IlDplementatioD Ph.e I PropAID, Sew.,.
T~leatmeDt Plut ExpUllloD aDd UppadlDl ud/o. CODitruCtiOD of New Plutl.
The Dext eipt chapte•• deYelop ud pr.'.Dt the Muter Plu for Watewate. &Del
Sluclle Di,pOl81.

The fiDal three chapten pre.eDt the PreUlDinuy Daip ud COlt Iitimate,
EDriroDIDeDtal A••MlDeDt, Project Impl.meDtatioD Plu, _d FiDUdDI Plu aDd
ReveDue PropaID. AppeDdice. are allO iDcluded.

The Draft Muter Plu Report aDd EDIiDeel"iDI D.lip, &DCl EcoDOmic ADaly.i.
Report wu reYiewed by AWSA, NPC, the MiDi.try of MUllictpaliti.., R_al Affain
ucl the EDylroDIDeDt (MMRA.!) u w.U u oth.r cODcemed 1O".rDID.Dtal a._cte••
Ref. to AppeDdix A for li.t of abb.eYiatiou of t.chDical aDd proper D.... The
..ftliou r••ultiDI from th{·! refte•• by th..e key 1O".rDlDeDtal alende. ha".
beeD iDcorporated i!l thil FiD~,J Muter Plu doc:umeDt.



CHAPTBR3

PRESENT AND FUTURE SOCIO-ECONOIGC CONDmoNS

INTRODUCTION

Thil leuibility Itudy wu conducted to determine the lewase 'yltem
requirementl for the Greater Amman Area durinl the period 1980 throulh ZOOO.
Althoush pojJulation powth il a l.1Iajor couideration in determininl luch requil"'
menta, it il by no meau the only criterion. Human requirementl of a ••wale
'yltem are bued on leveral factorl inc1udinl cultUl"al aaditioDl, pel"lonal
attitudel toward Ulale of lew.le facilitie. and pel"lonal hy••ae, and finucial
upectl of cUl"l"ently Uled and propoled facUiUu. Th••• couid.rationa are
important fOI" leveral major upeetm of pl"oject pl&DDinl. The pl"oductl of the
IOcia-economic analylil will ..ve the foll0.i. obj.ctiv.1 with relard to the
determination of lewale s,.tem reqwl"ement. of the Study Are.1

• Couider poteatial futUl"e economic conditiou u iaput for the proj.ction
of future land Ule ud population Iro.th.

• Proj ect futUl"e Iud uae and population powth diltl"ibutioa u iaput fOI" the
projection of water ute and .e.ale flowl lenel"ated.

• Identify area char.cterized by predomiDaDtly low-iacome ~.,u1aUon u a
f.ctor fOI" determbunl pl"oject phuial and mammilial ben.fitl to the
lenel"al rublic.

• Detel"mine income di.tribution of planninl area relideatl U iaput for the
".bility to p.y" ual,.i~, ud u iDput for :~e cOlt/ben.flt ual,.il of the
propoled project.

e Determine attitudel to.ard water uae that are likely to affect futUl"e
le.el. of cODlumption, u .dditional input for the projection of .ew.le
flow••

The product. of the 30cio-economic anal,.i., u li.ted .bove, CaD be pouped into
two major c.tel0riel le.dinl ultim.tely to input for th. cOlt/beDefit &Daly.i. and
facUitl. IiziDi.

The co.t/beDefit analylil of the propo.ed project i. aD impol"tUlt couideration u
it hal the mOlt direct bearinl in settial priori tiel &Dd phuinl of .ut t.r
dilpolal improvementl within the Study Area, (i.e., whether or llOt .e e
improvementl Ihould be implemented iD a Ii•• are.). U thOle impro.emeDt. are
de.ired upon cODl~der.tion, the &Dalysi. will help to determin. what 1••e1 of
improvementl il belt.
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

The cOlt/benefit analysis wUl weiih the potential (and Ukely) benefUs of the
proposed lewalle SYltem improvement! aiainst the expected Ihort and long-term
project COltl and the forellone uses of capital devoted to thitJ project. Expected
and delired benefitl to the public from improvement of leweraQt,1 facUities are
improvement of health conditions of the ieneral pubUc includinll low-income
IIroups, and improvement of local environments. The physical acce.s to the
present water and leweraie syltem within the S~udy Area is an important
consideration for uses.inll the cost/benefit of the recommended improvements
and therefore is included in the analysi••

The faciUtio sizini depends on the expected uae of the proposed faciUtiel;
meuured primarUy by volume of wutewater lIenerated, which in tUrD, ts
dependent upon future land Ule ad projected population distribution. In addition,
the volume of wutewater is allO dependent upon social ad economic factors luch
.. the "ttitud.s of the people usinll the faciUties toward. per.onal hYiiene, and
the use of water, as well u their abUity ad wi1linpell to pay for liIystem
improvements.

PRESBNT AND FUTURE BCONOMIC CONDmONS

ProjectioDi of future economic conditions within the Study Area are required to
be Uled u input to both the land Ule ad IOcial analysi. of thi. project. The
connection to the proj .ction of lu':! use is nece.ary u a, check on laDcl \lie plana,
to verify their vaUdity, and to otimate the timi. of op8n-.cheduled plana for
development of pVeD areu. The IOcial element related to the forecut of
reponal economic activity i. manif.ted in future employment opportunitie.,
which will, in turn playa role in the determination of population distribution, and
to a certain extent, the levell of b~Ulehold income of populations in the various
portioDi of the Study Area.

The .cope of thi. study doe. not allow for a detaUed in-depth foreca.t of futu.e
economic conditioDl in the Study Area. The major pUl"pOIe. of this brief review of
recent trend., pre.ent conditioDi ad the leneralized qUalitative foreca.t. i. to
eMUle that development plans for re.idential, commercial and indu.triaUy zoned
areas are con.i.tent with the forecuted economic activitie. for tho.e type. of
development.

For the purpoae. of the ecnnomic analyli., the Study Area will be equated with
the Balqa-Amman Repon, v,hich it a piaDDiDI divi.on of the Huhemite KiDldom
of Jordan. It i. the divi.ion that mOlt nearly approximate. the Study Area. The
only difference. between the two are the exclu.ton from the Study Area of the
Jordan Valley Authority ju.i.diction on the we.tern boundary of the ReFon, and
the .vironl on Ma'in the extreme lOuthwe.t. A. more thaD 95 percent of the
polNlation of the Balqa-Amman Relion relide aDd work withiD the Study Area,
1,%, the two 180lraphic desilnationa CaD be di.cu.ed lntuchangeably. Economic
data often appear in a third regional divi.iOD related to the Study Area, the
AmmaD Go~~rnorate. This i. an adminiltrative unit which is similu' to the Itudy
area in total populatioD aDd other IOcia-economic parameten. Itl leopaphic
difference from the Study Area is its inclu.on of sparsely inhabited de.ert area.
to the ea.t, and the exclulion of the Balqa area (areater Salt area) in the
northwelt.
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

The Amman Governorate CID allo be uaed t~ r\!prelent the Study Area, u ttl 1979
population wu 93 percent of the Study Al'ea total.

RECENT TRENDS

The economy of the Balqa-AmmlD Reston baa been chuacterized in I'ecent yeul
by a continuinli .hitt in relative impol'tance from the apicultural lector to the
indatl'ial and ser'ricel lector.. The cODitruction indUltl'y, tOUJ'i.m L~d remit
tance. bom Jordanian wOl'ker. abroad have allO been major component. of the
Repon'. economy. Other incUcatioDi of I'ecent economic tl'endl in the Rep,'n ue
the I'apid increue. in land and conatl'uction COlt. which ue rilinli futer thaD
income. in the Repon, elpecially in the Municipality of Amman and it.lubUl'b••

The Groll National Product of JOl'du (GNP) hu inCl'eued bom JD 187 milllon in
1970 to an atimat"d JD 853 million in 1979. Much of the accelel'ated powth
durinl that period occUl'l'ed between 1975 and 1979 when GNP I. e.timated to
have liicl'eued by JD 510 million. Thi. hend of economic expaDIion hu be.n
puaDeled in the Balqa-AmmaD aepon3• That expaulon wu reflected by bllh
rate. of powth in conatl'uction and indUltl'ial .ectOI'I.

The Reaton repl'e.entl the vut majority of indatrial activity within tha lut
Bank. The 1974 IndUltl'ial SUI'vey indicatel that the Balqa-AmmlD Relion
contained 76 percent of the Nation'. indUitrial eltabliahmentl; 87 pel'cent of it.
iadatrial employee., and 98 pel'cent of the elDployee. ~rithin fil'lD. of mOl'e thaD
five employee.. It i. e.timated that the aeaton'. position of dominance in
iDelatry hal not chuled.1

ManufacturiDi'. contl'ibution to G::.'o•• DOID.tic Pl'oduct tripled dWfinl the p8l'iod
1968 and 19764, and indatriu .ectol' employment in the Balqa-AlDmUl aellion
IDOl'e thaD tl'ipled fl'olD approxilDately 8,000 in 1959 to appl'oX'iml:l,tely 25,000 by
19765• MOlt of the indatrial.ectol' employment ia concentrat.ed in the Zuqa and
Runifa uea, with much of the l'emuDdel' in Muka. Althoulh tipe. ue not
available, it i. Ilkely that thi. tl'end of I'apid expaDllon continued (thoulih at a
.Iowel' I'ate) dUl'iq the pel'iod 1977 to 1980. On the othel' haDd, apicu1tural land
in cultivation in the aelion, declined 10 pucent duriDi the period 1975 to 1978,
frOID 990,000 to 890,000 dunulD•• 6,7 It i. likely that thi. tl'end hal continued into
1980, u apicu1tUl'al land in the .ubUl'ban ueu uouad AIDman hu continued to
be developed fol' urbaD ae••

It i. Ukely that I'elional elDployment tNndl wUI continue to puallel the .hift
fl'olD apicultUl'al to non-&ll'icultUl'al activitie. of the I'elional economy. The lut
Bank expel'ienced a IiFiflcaDt shift in it. employment Itl'ucture between 1961,
wha apicultUl'al elDployment accounted for 35 percent of the workfOl'ce, and
1975 when it accounted fol' only 18 pel'cent. 8 The .ame tl'end wu occurl'inl in
the Balqa-Amm aD Repon.

An indication of the Ul'ban elDployment .tructUl'e in the Study Aloea in 1975 ud
1976 i. pl'e.ented iii Table 3-1. In 1975, the AIDman GoVel'DOrate contained
appl'oX'imately 71 percent of the total wbu employment in the muufactwinl
.ectOl' (87 pel'cent), finance (90 pel'cent), and utilitie. (84 pucent). Employment
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

in those sectors is concentrated in Greater Amman, and if the Balqa Region were
added to these figures to approximate more closely Study Area totals, their shares
of natio1.£al totals would be even more striking. The employment sectors which
were less concentrated in the Amman Governorate were mining which accounted
for only 48 percent of the natioI4al total; and transportation and public
administration with 63 and 64 percent, respectively. 8

The relative importance of the individual employment sectors within the study
area is highlighted by comparing the percentage of the total urban workforces in
Amman Governorate and the Municipality of Amman to total employment in both
of those jurisdictions. In the Amman Governorate in 1975, public administration
(including military personnel) accounted for approximately 38 percent of total
empll')yment, while commerce and manufacturing were also important, with ZO
and 19 percent, respectively. 8,9

Urban employment figures for the MWlicipality of Amman, were not available for
1975, but were available for 1976. Although the employment composition could
be exPected to have been changed somewhat between 1975 and 1976, the chanlles
would be small enough to allow a comparison between 1976 ratios for the
Municipality, and 1975 ratios for the Amman Governorate. Public administration
accounted for 63 percent of total employment, while manufacturinll accounted for
only lZ percent, as compared with 38 and 19 percent, respectively, for the
Amman Governorate. An even larger difference existed between the commerce
sector totals for the two areas, as the Municipality of Amman had only about 6
percent of its workforce engaged in commerce. These differences may be
accounted for by the fact that retail trade is required in outlying districts and
suburbs to service residential areu, while an extremely large percentale of
government offices and public service agencies are located within the
Municipality of Amman. The relatively lower importance of manufacturing in the
Municipality may also be due to the importance of public administration in that
city. The total of manufacturing employment in the Municipality represented a
hiah percentage of total manufacturing employment in the Amman Governorate.
8,9

:FUTURE CONDmONS

Future economic and industrial development in the Study Area can be projected
only in general terms, based on current plans and development in proflreu. The
1981-1985 National Five-Year Planll is currently beinl (ormulated. It will
contain a program for industrial and commercial development which will outline
various generalized goals in terms of types and lizes of industries to be
encouraged to locate at various industrial estates and Free Trade Zones. 11,IZ,13
In addition, it will outline plans for some specific projects. Unfortunately, the
Five-Year Plan was not available at the time of this analysis.

A discussion of future industrial expansion, therefore, mUit be bued on existing
plans for the Sahab Industrial City and Free Trade Zones near Huhimiya and the
Queen Alia Airport (Jiza), as well u the large indultrially zoned areas in Zarqa,
Ruseifa and in the south and east of Amman. A lilt of recommended priority
industrial projects is currently beinll conlidered by a Ipecial interminilterial
commlttl!e preparing the Five-Year Plan. ll That lilt includel catelloriel of
indultrielJ which may be encouralled to be developed at the Sahab Indultrial City
and/or the indultrial litel in the Free Trade Zonel. The lilt includel the following
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major types of industries: textiles, furniture and other wood products,
mUlufacturing, pharmaceuticals, electronics, plastics manufacturing, machinery,
metal fabrication and food packaging and processing operations. Most of thele
industries are expected to be low to moderate water Ulers, and Ie.. labor
intensive than much of the older industries in the Study Area.

The Feasibility study of the Amman Industrial Estate and Free Trade Zone lZ
Projected the Kingdom's mining and manufacturing lectors to grow ,at a rate of
9.6 percent from 1981-85 and 11 percent from 1986-1990. This growth wal Uled
as the basis for a projection of 51,000 increase in industrial and mining
employment for the whole Kingdom by 1990. This additional employment would
require all increase within the Stud,y Area of Z530 dunums of light and medium
industries in the Sahab area, 980 in the Zarqa-RUIeifa and 510 dunums in Salt.

The Sahab Industrial Estate will occupy Z,530 dunums, consisting of light and
medium industries. Employment in the Estate is expected to reach 6,700 by the
end of 198Z, Z,600 of whom would be working for industries relocated from
Amman. By 1990, the Industrial Estate is projected to have a total workforce of
Z5,000.lZ

The Free Trade Zones at Huhimiya and Queen Alia Airport will be smeller than
the Sahab Industrial area, and will combine commercial and indultrl.a! activities.
The Hummiya project is planned for I,ZOO net dunuml of commerci1l1 aDd 650 net
dunums of industrial land. Industriel are to be light and medium, inc!udinl a large
"Food Town" which il to occupy 100 dunums of food procel.ing plants. The Queen
Alia Airport is planned for 1,000 dunuml. P~orit~., indultries conaidered for this
development are wU"ehousing, transportation and aslembly related indultriel,
packaging of CODlUlDer goods, electronics iUld air lhipment related items. Air
craft industry support and maintenaDce indu.trie. have allO been conaidered.13

Industrial development in the existing general indu.trial zones south and ealt of
Amman is expected to be similar to that already exilting there (e.I., mainly small
industries including wood and metal working, light machinery, printinloperations,
some food processing and other light industriel).l

The Amman Urban Region Planning Group (AURPG) projected a need for Z,785
additional dunuml of industrial land by the year ZOOO, to accomodate a projected
increase in industrial sector employment between 1978 and ZOOO.

The projection is related to the national policy with reled to economic planning
which has two major goals reh.~ing to employment and indultriallrowthal

1. The provision of jobs for futUl'e increaes in the workforce in conjunction
with a continued shift of relative importance within the economy from the
agricultural sector to manufacturinl.

z. Introduction of industries that are capital intenlive to make individual
labor more productive in order to better adapt to the current shortale of
local labor aDd hiah wage rattt.., and take advantqe of Jordan'l highly
educated workforce (relative to neilhborinl countriel).
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To those ends, an ambitious labor training program is planned. It is divided into
three cat· ',;')ries. The fint is academic education, which is provided by the
Ministry of Education. The Ministry of Labor is responsible for the Vocational
Training Corporation (VTC), which provides apprenticeships to young workers
starting at the age of 15. The Ministry of Labor also conducts refresher courses
for sktlled workers. These programs will be directed toward expanding the skills
of the nation's labor force to meet the future demands for planned capital
'intensive industrial development. To meet demand for the near future, the VTC is
currently building foUl' new centers within the Study Area, in Amman, Zarqa and
Sahab.14

The industrial estates and Free Trade Zones represent the formal industrial
serotaI', which is made up of large planned developments. Most of the existing
industry within the Study Area is in the informal sector. The AURPG Plan for the
period 1981 to 1985, has as its goal, 60 percent of total reponal industrial
employment in the formal sector. l This means that a very larle percentale of
..egional industrial growth will occur within the industrial estates and Free Trade
Zones, wi th a large portion of remaining development in the large industrial zones
of Marj el Hamam, Rajib, and East Zarqa (Amman Ring) Road.

PRESEN'!' AND FUTURE LAND USB

Projections of future land use conditions ue required so as to provide impacts for
the projection of future population of the Study Area and its urban communitiea,
as well as inputs for the projection of future commercial and industrial waate
water flows. The analysis is Uled to determine the areaa available for future
residential development, and the areu which are planned for industrial develop
ment. The development of residential land durinl the study period ia determined
in put by economic factors such as the deme,nd for industrial, commercial,
residential and institutional land, and also by approved plana for development of
designated sites. The bulk of the information available for the analysis is the
current (1980) Regional Plan for the Balqa-Amman Repon, and the current town
plana of Amman and the Study Areas other major municipalities. The Planning
and Building Code, 197915 is the current zoning law in effect for the
municipali ties and ot~- - larger urban centers of the Study Area (with the
exception of official t . "fA Refugee Campa16). These replations combined
with the regional and ttl.il plans, are likely to shape urban development in the
Study Area betwen 1980 and ZOOO.

CURRENT ZONING PLANNING AND BUD..DING REGULATIONS

The Planning and Building Code of 1979 chanled the previoUi Planninl and
Building Regulations by adding some new residential claaaUicationa. The new
code is presented in Table 3-Z. The changes were hilhlilhted by the addition of
"popular" zones for residential and commercial plots, and the introduction of lone
of both lll'ger and smaller minimum plot area. Maximum buildlnl raUOI w••e
raised for residential and commercial prope.ty.

FoJ.' r••id.nUal property, a new Ireen lone "aa made for .ach of the old
re.idential Zones A throulh O. The Ion•• p.ovid.d minimum plot ••••a of 2000
aquar. metera for Zone. A and 1a, noo fa. Zone C and 800 fa. Zone D. In

\l
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TABLE 3-2

KmJICIPALITIES
1979aPLANNING AND BUILDING CODE,

Minimua MaxillWl MaximWl Mu:Laaa
Plot Arl. Bui1dinl Hlipt r100rlb

(112)
Ratio

Zonl (I) .J!L-- ..
allidlnd.1

Grlln Zan. "A" 2000 36
Grlln Zan. "I" 2000 42

Grlln Zan. "c" 1200 48

Grlln Zan. "0" 800 52
A-Illidlnd.1 1000 36 3

B-Ralid.nd.1 750 42 3

C-Illid.nd.l 500 48 3

D-RII id.nt(,.l 300 52 ' 3
Popu1.r 150 3

Co.-reial- Clntra1 150 85 72

Norul "A" 600 70 72

Norul "I" 600 70 72

Norul "c" 400 70 72

Norul "D" ZOO 70 72

Norul "Popul.r" 100 70 72

Indultrial
B••., IDduatrial 2000 50 24 3001 of plot
Lipt Induatrial 1000 50 24 3001 of plot

• A"li.. to .11 altl•• in tb. Ii.Ida.

~ Not. th.' a....ral.l ••d biah ri.. .'r~a.~r.. a••••a••d 'h......i.ul
U.iI.Il••••
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addition, the old Zonel A through D were alia retained. The now "popular" zone
hal a minimum plot lU'ea of 150 square metera, one-half th'! size of the sma1lelt
previoul zone size.

Commercial zoning now includel a "popular" zone with a minimum plot size of 100
Iquare meterl. FoUl' zones that correlpond to the relidential A through D are now
in effect allowing a range of ZOO-600 Iquare metera for minimum plot lize, each
aUowing a 70 percent maximum building ratio. Indultrial zoning allowl 50 percent
maximum building raUo, and 100 and ZOOO square meterl minimum plot area for
light and heavy indultry, relpectlvely.

BXISTING CONDmONS AND RECENT TRENDS

For the purpole of the land ue analylil, the Balqa-Amman Reston wtll again be
equated with the Study Area, al it differl from the area only in the extreme
lOuthwelt where the environl of Ma'in fall outlide the 30 kilometer circle, and
along the weltern boundary, where the Jordan Valley Authority jurildiction both
inlide and outside the circle il not within the Icope of thil study.

Land ule in the Study Area il characterized by the following general geopaphic
configurations

1. a corridor of urban uel Itretching from the Zuqa/Rueifa/Huhemiya area
in the northeallt, through Amm an in the center of the Study Area, and into
the outlying suburbl of Wadi el Sir, Jubeiha and Suweileh immediately welt
and northwelt of .'mman, with 1maller centerl of urban ue. around the
outlyll1l ciUel of Salt, Madaba, Sahab, Na'ur, Fubeil, Mahll, and Baqa'a
Camp,

Z. luge indultrial areal in Zuqa, Rueifa and the Muka uea in Amman,
small indultrial areal in louthealtern and lOuthern AIDman, weltern
Madaba, HuhelDiya, ealtern Wadi el Sir and Salt,

3. mixed low deDlUy urban and .ricultural uel in the areal .urroundiq the
denae urban areu (e.l. north and welt of the Greater Amman Area and
.urroundiq Madaba and Salt,

4. de.ert pa.inl and paltara! land in the extreme ea.tern portion of the
Study Area,

5. agricul tural ulel in the peater portioDi of the lOuth, north and northweat
of the Study Area,

6. .pe'.a! ua.a, includinl Jordan Unlv.raUy, Queen Alia Airport, and vuioUi
military inataUUona and camp••

Development of the Study Ar.a i. reflected in the hi.torica! Irowth of AmlDan,
whOi' major dttvelopment occurred aft.r 1946. During the p.rlod 1946-1953
I.owth in Amman concentr.ted alonl the Salt Road to the no.thw••t and the W.di
•• Si. Ro.d to the WQ.t. Popul.tion denllty w•••PP.oli...tely 25.0 p."Oni p.r
dunum in 1953, .bout 3 ,..gent ••••t•• than 1946. Th. Ilv.1 01 dln.ity inc•••••
wu k.pt Am.U d••pUe I 1"111 Inc..... In popul.tlon, b.Clual or • Ilmllar
l"c".'1 In I."d dlv.lopo",,,t,
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Expansion during the period 1953-196Z followed the previoul patternl of Salt I.Ild
Wadi el Sir Roads, and also included infilling of areap b:;tween Central Amman
and the Western Sectorl: Jabals Amman, Lweibdeh llnd Huuein. Low-income,
high density settlements arole at the entrances of the Amman-Zarqa corridor.
Both population and urbanized area increued by 9 percent during the period 196Z
197Z marked a future expanlion of Jabal Amman and Jabal IiUllein, with the
Amman-Zarqa corridor experiencing additional in-filling. Overall denlities
remained relatively low, but leveral pockets of hip denlit,! tleveloped. The City
currently occupies approximately 43,000 dunuml.1 'I'he Table below prelents
urbanized land, and population denlity of the Municipality of Amman for the
periad 1946-1979:

Period
Year

1946
1953
196Z
197Z
1979

Population Built Area Dentity
Perlonl (Dunum.~ (Perlonl/Dunums)

56,000 Z500 ZZ.4
115,000 4600 Z5.0
Z55,000 10000 Z5.5
550,000 nooo Z6.Z
649,000 38000 15.6

Source: Amman Urban Reilon Planninl Group, Planned
Development in the Balqa-Amman Relion 1981-1985,
Department of StatisticI, 1979 Cenlua.

Recent development in the municipalitiel clolest to Amman such al Wadi el Sir
and Suweileh has been characterized by urban aprawl. Thele areal contain many
relatively ilolated high rile structures occupying over 40 percent of their total
plot areall. Yet, they are often surrounded by ql'iculturalland still in production.

In 1978, the Study Area contained approximately 75 perc!nt of the Kinldom's
urbanized land, 01' slightly lell than 600,000 dunuml. .Amman Municipality
contained almost two thil'dl of the latter filUre, or 38,000 dunuml. Between 1973
and 1979 the Region experienced urbanization of land at the rate of 4.0 square
kilometers per ye8l', while the Municipality of Amman urbanized Z.5 square
kilometfjrll per year. 1

Table 3-3 prelents indultrial land Ule totals for the Balqa-Amman Relion in 1978
by location. The Region totalled 3Z,46Z dunuml of land zoned for indu.trial Ulel,
of which 11,197 dunuml (35 percent) were developed. The Amman-Zuqa corridor
contained approximately 93 percent of the developed indultrial land in the
Relion, with 10,389 of 11, 197 dunuml. The But Zarqa Road area formed the
bulk of the latter total, with 8,500 dunuml. Muj el Hamam and Rajib allO
Bubltanttal sUel, each had 600 dunuml. 1

Undeveloped indultrially-zoned land wa. dlltributed more widely throulhout the
Relion. Althouah much of it (8500 dunuml) wal concentrated in Bait Zarqa
(Amman Rinl) Road, AIDman, Rajib, Marj el Hamam, leveral propoled new
Inclultrlal area. had lianUlcant totall. Sahab and JI.a (Queen AUa International
Airpo.t area) wore p.opo.~d for II te. of lUll. Indu.t.lal park. o. eltat••• 1
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TABLE 3-3

INDUSTRLAL L~~D USE IN THE STUDY AREA 1978
(dunums)

Potential
Location Zones for Industrial Uae DeveLoped DeveLopment

Ru•• ifa 52 39 L3
As Salt 420 84 336
Wadi e. Sir 440 44 396
SuweUah 100 30 70
Ain a1 Basha 490 50 440
Ammana 4,050 L,850 2,200
Ragib 3,000 600 2,400
Ea.t Zarqa Road L7,000 8,500 8,SOO

Marj aL Hamam 1,500 600 900
Sahabb 2,000 a 2,000
..Tizab 1,000 a 1,000

Royal Scientific
Soci.tyb L,OOO a L,OOO

Madabab 1,000 a 1,000
H h' , b 1,000 a 1,000a. lmlya

TOTAL 32,462 11,197 21,265

aTotal not contistent with indu.trial land u.e total for Amman Municipality
by Sutor.

bpropo.ed n~ indu.trial zone••
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In 1979, approximately 105,000 dunuml of land were occupiGd by public Ule,.
Approximately half of this total (49 percont) wa. de,illDatGd public fore.t.. Major
tran.portation facUitie. including airportl and railroad land formGd noarly Z3
percent; and publicly-owned Indu.trial eltate. repre.ented about 20 percent. The
other public u.e. includini civic centerl, .chool., health care center., park. and
public hou.lng projects were small by compari.on. 17 Table 3-4 repre.ent. public
land u.e by typf!! for the Balqa-Amman Reilon In 1979.

TABLE 3..

PUBLIC LAND USE IN THE BALQA-AMMAN REGION 1979a
(Dunum.)

1979 E.tim ~ted

Land Use Total Percent of Total

Public Se~vice (Civil
Centers, Public Buildings) 1,199 1.1

Schools 1,3ZZ 1.3
Major traDIportation Z3,880 2Z.8
Indu.trial E.tates , ZO,815 19.8
Health Care Centers I,Z06 1.1
Urban ParkA 1,304 1.3
Rellional ParkA 3,6Z0 3.4
Fore.ts 51,600 49.Z
Public HoU.inll N.A ...!.A

TOTAL 104,9461 100.0

a Not includlnll public houlinll NHC planned project. in Amman, Abu N.atr, Sa!w.b
and Jiza.

Soucel AURPG Planned Development in Balqa-Amman Reilon 1981-1985, 1979.

Airiculture occupie. a sipificant share of the R.ilon's land UI.. AccordiDl to
the lat.st qricultual cen.UI,IS in 1975, Z,973,000 dunum. of land .er.
d••iinated for airicultural UI. in the Balqa-Amman Relion. Thi. amount was
rouply on.-third of the total for the Nation (Eat Buk). Approximately on.
third of the Reilon'. air{cultural land (990,000 dunum.) wa und.r cultivation.
Virtually all of this land wa. plant.d with r.b-f.d crop., u only 0.5 p.rcent wa
inil·ted.

Conditio.. in the Study Area in 1980 ue b.li.v.d to b. of shail." m.pitude., u
JVA development lie. outside it, boundari... Much of the cultivated ar•• wa.
d.voted to c.real crops in 1975; with winter c.r.al, occupyini 705,000 dUDum.,
and .umm.r cereal. 11,000 dunum.. Th. two repr•••nt.d .pproximat.ly 7Z
p.rcent of the total plant.d .... in the Relion. V.letabl. crop. occupied lZ4,000
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dunumM (13 percent), and tree cropt 149,000 dunum. (15 percent). The remaining
Agricultural dunum. not in c:ultivaUan were utilized for ltve.tock production. The
major empha.ia in that area wa. the railing of .heep and goat••

Municipality of Amman

Land Ule data for the MuniciapUty of Amman for exi.ting conditiolll are only
available for the nine .ecto.. of the city. The lector. are divided i~to 45 unit.
u.ed for centu. information. FiFre 3-1 delineate. the bounduie. of the tecto..
and unit. of the Municipality of Amman. Unit. will be u.ed later in thi. analy.i.
to provide a more detailed breakdown of land Ule for the projection of future
conditiant.

The City Center i. compri.ed mainly of commercial u.e., and indu.trial land i.
concentrated in the Ain Ghazal area in the northea.t, in the Al Rayhan and 11
Wahdat area. in the .outhea.t, and in the Al Marj area in the extreme lOuth. The
remaininll commercial land Ule. in the city are found aloni the major arterial
.treet., and u individual plot. in re.idential neighborhood.. A laree percentAle
of the city'. iovernment building. are concentrated on Jabal Amman and Jabal
HUI.ein. The hillher den.i ty re.idenUal u.e. exi.t mainly in the ea.tern and
lOuthea.tem portion. of the city in Ain Ghazal, Al Nail', Jabal Jofeh, Jabal Nuzha
and the ea.tern portion of Jabal Amman. Lower dentity re.idenUal development
predominates in the weltern third of the city, forminll the major protion of land
u.e in the Abdali and Zahru .ector.. Open .pace occupht. lar86 area. in the
north portion of the city in the vicinity of Al Rewaq, portion. of the Al Na.r area
in the southealt, and portiont of the Shemei18ni, Um Othaynah and Abdoun area.
of the we.tem and southweltern sector. of the city.1

Table 3-5 prelentl land use in the Municipality of Amman in 1978 for each of the
cit:·'s sectorl in dunums. As shown, approximately 5Z percent of the city's land
wal developed by 1978. The Abdali sector wu the leut developed, with only Z9
percent, while the City Center i. completely developed. The Abdali and Zahran
sectorl are the fute.t irowinl .ector. in the city. In 1978, they contained 99
percent of the city's low den.ity re.idential land (zone. A and B) with 11,373
dunum.. Thil rerre.ented a ZZ5 percent increa.e over their total of 5,053 acre. in
197Z. In 1978, they containeli 15,810 dunum. of re.idential land of all type.,
which compri.ed approximately 47 percent of all re.idential land in the city.
Relidential \.lI'ban sprawl development ha. remained the major form of develop
ment in these two lecto.. into 1980, and il expected to continue in the near
future)

Indu.trial land il concentrated in Ain Ghaz&1, who.e 1,937 dunUIDI, in 1978,
repre.ented 78 percent of the city'. total. That fipre repre.ented a Z13 percent
inerea.e over the lector'. 197Z total of 909 dunum., which at that time included
all of the city's indu.trialland.

Approximately 70 perent of the city'. 3,71Z dunum. of .pecial ueu are
concentrated in the City Center, Ba.man and Ain Ghazal. The City Center
contahll Ba.man and RAlhadan Palac"., para on Jabal Al Qala'a and the ROlDan
Theatre. Abdali containa the Sport City, and VuiOUI park., Yumouk cantlin.
Governmant HOIpitall'~und., And Ain Gha.al i:"\c:lude. the City'. airport.
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDmONS

Other Major Cities Within the Study Area

The Municipalities of Zuqa, Ruseifa, Madaba, Salt, Musherfeh, SuweUeh, Wadi es
Sir and Sahab are centers of population within the Study Al'ea luge enough to
require individual attention. Zarqa, Ruseifa and Ml.lshel'feh were not included in
this detailed analysis, as they were covered in detail in a separate study. Salt was
not included because its town plan is in the process of being revised and other
data concerning land use in that municipality could not be auembled without
undue time and effort. For the purposes of this study, Salt was assumed to have
similar proportions of the various urban land uses to the Municipalities of similu
size (e.g., Madaba). Detailed information on CUl'l'ent land use in the above
mentioned elties is not readily available. The town plans for these municipalities
generally reflect existing conditions in the oldel' inner-city areas, and areas of
future planned development in the outer portions, will be discUlled in the
Projected Future Land Use Section with follows.

PROJECTED FUTURE LAND USB

The basis used in this analysis for determining future land use for the Study Al'ea
was the Balqa-Amman Region Genel'al Plan, and the town plans of the
Municipalities of Amman, Wadi es Sir, SuweUeh, Madaba, Sahab, and Na'ur.
Figure 3-Z shows planned land uses for the Balqa-Amman Region and the study
area.

General changes in land use projected to occur, during the study period (1980
ZOOO) are baaed on the planned land use.. as shown on Fipe 3-Z and diacu.ed
eulier. Expected changes include a sip~ (tcant expansion of urban land uaes
outwud in a cil'cle surrounding Amman, with much of the gl'owth occurring in the
western, northern and southern suburban ueas, reaching Wadi es sir, Tila al AU,
MaJ'j al Hamam and Suweileh.7 A large proportion of the suburban uea adjacent
to Amman was grouped together for the purpose of this analysts into a siqle unit
hereafter designated as the "Amman Suburban Ring." This uea does not Include
Wadi es Sir and SuweUeh because they were analyzed independently in great
detail. Fig. 3-1, Amm an and Suburban RinK Population Sub-ueu, delineates the
boundaries of the Suburban Ring, and its di9lslou, as well as the administrative
divisions of the Municipality of Amman known as unitl. Gl'owth of leiS
magnitude, but of regional significance, is projected for the southern and eastern
suburbs of Queismeh, Al Muqablein, the uea east of East Wahdat, and Eut
Muqa, all of which ue also in the Suburban Ring.17

A significant development of residential land is projected to OCCUl' within the
Study Area between 1979 and ZOOO, mainly in th:l! outer ur.as of the luger
municipalities and theil' surrounding suburbs. The suburban growth is, and will be,
a reaction to high land costs in the inner portioDi of the eltiel combined with the
need to be within commuting distance of centers of employment. Thus middle and
upper middle income households can have a luger home in the suburbs for
equivalent cost in the city. A significant portion of the outer areu of the
M\micipality of Amman (especially in the western and northweltern units) is
cUl'rently undeveloped because of extremely high land costs which were bid up
partly due to speculation. The neuby subul'bs to the west and northwest ha."e
been filUng in instead, because of relatively lower land costs.1 This trend il
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expected to continue for the next several years; but the outer areas of Amman
are also expected to fill in slowly, and experience accelerated powth as the
supply of undeveloped land within reasonable commuting distance of the
employment centers of Amman diminishes. Table 3-6 presents total projected
residential land developed dU1"ing the two study periods '(1979 to 1990, and 1991 to
ZOOO). These projections were based on matching residentially zoned areal on
town piani to aerial photographs, and determining satU1"lltion residential
development. Then popw.ation projections based on net birth and death rate
trends and net migration were used to determine the proportion of total
satU1"ation developmelit that would be developed by the years 1990 and ZOOO (see
Appendix D for a detailed explanation of the methodology used in the saturatioll
development analysis). As can be seen from Table 3-6, reaidentialland use in the
larger municipalities of the Study Area would increase by approximately 19,000
dunuml between 1979 and 1990, and by approximately J9,700 dunUIDs between
1991 and ZOOO. The MunicipaUty of Amman would increase by approximately
7,000 dunums by 1990, and 6,ZOO dunums between 1991 and ZOOO, representing Z1
and 15 pe1'cent increase respectively over the existing residential area of 33,343
dunums. See Tables B-9 through B-15 in Appendix B for detailed projections of
residential land development by zone type for units of the MunicipaUty of
Amman, and for population sub-areas of Wadi es Sir, Madaba, SuweUeh, Sahab,
and Na'U1".

Commercial land within the Study Area is planned for significant expauion only
in a few specified areas such as the undeveloped portion of the large government
building zone in the west end of Jabal Weibdeh (adjacent to Sbmeisani) in Amman.
Other large areas planned for commercial development include the free trade
zones at Jiza and east of Hashimiya. Remaining commercial development within
the Study Area is expected to occur in strips on major streets, and scattered
throughout residentially zoned areas.1

Industrial land use in the Study Area is expected to expand significantly between
1980 and ZOOO. The proposed Sahab Industrial City south of the cit.Y is planned for
Z,530 dunums, Z,OOO of which would contain industrial uses. 1Z Other large
industrially zoned areas w:'i<::h are expec'ied to be developed by the year ZOOO
include 1,000 dunums near the Queen Alia Airport complex at Jiza;1
approximately 1,000 dunums at Madaba; and another 1,000 at Hashimiya, in
conj\DIction with the Zarqa/Hashimiya Free Trade Zone.13 Refer to Table 3-3 for
a list of industrial land potential development by area. Three major areas of new
industrial development are planned for .Amman and its immediate environs. They
are located to the south and east of the city; south of Badr and Yarmouk secton,
east of the industrial area of Al Manarah, and east of Um al Hetran south of Abu
Alanda. Industrially zoned areas in Wadi es Sir, Salt, Suweileh and Ain al Buha
are also expected to expand significantly. The al Muqablein and Marj al Hamam
areas are also planned for extensive industrial growth. Other important industrial
development is planned for the existing Zarqa and Ruseifa industrial areal. Large
commercial centers are planned to supplement industrial development in the Free
Trade Zones planned for Zarqa/Hashimiya and the Queen AUa Airport complex. 17
Regional Agricultural Areas, of farms greater than 50 dunums in size, are planned
for much of the north central and south central portions of the Study Area. The
Baqa'a Valley is planned to remain mainly apicultU1"al, with U1"ban expansioll only
in Safut and a limited area northwelt of Ain al Basha. The areal surrounding
Allan, we.t of Fubeis and Mahis, and between Na'ur and Madaba are plUU1ed to
remain important agricultural areas between 1980 and ZOOO.17
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TABLE 3-6

PROJECTED RESIDENTIAL LAND DEVELOPMENT
LABGE MUNICIPALITIES AND SUBURBS 1979 to 2000·

(DunUID.)

~Il

"Suburb.1l UIlI"

W.di •• Sir

Suvei11h
Mad.ba

S.hab
Na'ur
zarq.b

lu••ifab

S.ltb

Abu Nu••irc

Sah.b Airport CityC

Airport City (Jiza)c

1979-1990
Illcr••••

7,000
3,100

600

400

400

~oo

,.

2,3OU

1,200
400

1,100

1,700

400

19,000

1991-2000
Iller••••

6,200

2,900
600

400

400

300

100
3,600

1,000

sao
1,700
1,700

300

19,700

aB••ld 011 S.tur.tion ana1y.i••Ild growtb projlction. out1in.d i~ fol~owina
popu1.tion .ub••ction.

bA" usdnl 3S0 p.r.on. p.r hlctar••v.r.l. d.n.ity

CTota1. for the nev citi•• of Abu Nu.air, S.hab/Airport City .nd Airport City
(Jiza) for 1990 aDd 2000 .re unc.rtaill at tbi. point in the p1.nninl ph••••

\

Sourc.: National Hou.inl Corporation, Town Plan. of Municip.1itil' li.tld
.bovI, F•••ibi1ity Study Zarq.-Ru••ifa Wat.r Distribution S.w.r.l•
•nd Stormvat.r Sy.t... Dr.ft 1980, M.lco1m Pirni., Inc., Jouzy &
P.rtn.r••
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Other important land uses in the Study Area include a large number of milituy
reserve areas; and special development areas such as the Queen Alia Airport site,
Jordan University and the Wadi Abdoun catchment area, which cannot be used for
residential or other urban uses. 17

The geographic; distribution of projected residential development outlined above
forms the basis for the projection of population growth in the Study Area to 1990
and ZOOO. The projected development of industrial land use will provide input for
the determination of water use factors for the individual drainage sub-areas, to
project future sewage flows which will, in turn, be U'led as input in the sizing of
sewer lines and/or treatment plant capacities.

PRESENT AND FUTURE POPULAnON

Population projections for the various portions of the Study Area are requir.ed as a
major input in the projection of the residential component of future water use,
and thus sewage flows. The projection of future total population of the Study
Area and the geographical distl'ibution of that population within its boundaries
requires the inputs of two major analyses. The first is the alSessment of recent
trends, and the subsequent formation of projected facton for future population
increases. The second analysis is the projection of saturation population
developed from the project•.:ln of future land use conditions. With those two
inputs, the future populatiol18 of the Study Area's municipalities and other m~or
urban communities can be projected, and disagregated into smaller units. The
small units can then be matched to drainage areas within those cities and
suburban areas to be used in the projection of watel' use and sewage flows.

RECENT TRENDS AND EXISTJNG CONDmONS

The national census of population and housing, conducted in November 1979,
repol'ted the combined population of the Amman and Balqa Governorates as
1,339,13Z, a 5.5 pel'cent I'ate of annual incl'ease over the 51Z,675 total for these
areas in 1961. The population of the Municipality of Amman was listed at
648,587, also an annual increase of 5.S percent over the 1961 total of Z46,475.Z,19
The only significant difference between the Study Area and the Balqa-Amman
Region al"e the exclusions from the Study Area of Ma'in area in the extreme
southwest of the Amman subregions, and the Jordan Valley communities between
the Dead Sea and the Zarqa RiveI'. The Study Al'ea contained an estimated
population of I,Z73,OOO, approximately 95 percent of the total population of the
Balqa and Amman Governol'ates in 1979. Much of the growth in the East Bank
between 1961 and 1979 was concentrated in the Study Area, aDd much of the
latter area's growth was concentrated within its urban cOl'e (e.g. the Amman,
Ruseifa, Zarqa conidor). This phenom enon is illustrated in the following table:

3-18
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Percent 01
Population Population Annual Growth Total Eut

Area ....!!ll- 1919 Incree.e ~ Bank Growth

Dalqa and AIDman 512,615 1,339,13Z IIZ6,"51 5.5 6Z
Go.ernorate.

Munlclpallt, 01 Z46,415 6411,517 40Z,lIZ 5.5 30
AmlDan

AmlDan, Zarqa and 341,055 913,196 565,141 5.5 4Z
Ru.eUa

RelDalnder 01 Eut 55Z, 721 1,2311,317 615,656 4.6 58
Bank

Total Eut Bank 900,176 1,152,213 I,Z51,497 4.9 100

~I Department 01 StatUltlcI, 1961 CeIllU!'l, 1979 CIftIUI (Prellmlnar, Data)

The Balqa and Amman Governorates (approximating the Study Area) received
approximately 6Z percent of the total growth of the East Bank between 1961 and
1979, while the Municipality of Amman, alone, accounted for 30 percent.
Amman, Zarqa and Ruseifa accounted for 4Z percent of the East Bank's total
growth while growing at a rate of 5.5 percent annually, while the remainder of the
East Bank grew only 4.6 percent per year.

Between 1961 and 1979, the population of the East Bank increased at an average
annual rate of 4.9 percent. At present, the crude birth rate is estimated to be
between 45 and SO births per 1,000 and the crude death rate is estimated to be
between 9 and lZ deaths per 1000, for a natural growth rate of between 3.3 and
3.6 percent.Z,ZO The influx of refugees from the West Bank and Gaza Strip during
the hostilities of 1967 and 1973, and the conflict in Lebanon in 1975 have
contributed significantly to the growth of the population of the East Bank.1

Other factors which affected the rate of growth during that period were the out
migration of Jordanian workers to the oil-producing Gulf countries, and the in
migration of workers from developing nations. The urban population of the East
Batl.k, and the Study Area in particular, has grown at a faster rate than that of
rur:£! areas, because of the immigration of rural population, in addition to the
immigration of refugees.1

The Municipality of Amman contained 51 percent of total Study Area population
in 1979 Zarqa, with its Z15,687 people, and Ruseifa with 49,6ZZ combined to form
another Zl percent. The combined total of all urban communities above 10,000
population in the Study Area was 1,115,000, representing 88 percent of the study
area's population.
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Table 3-7 shoWI population and household size for the larger municipalitiel,
villalles and refullee campi in the Study Area in 1979. The communitiel with
populations above 3000 averalled 6.7 persona per houeehold, ruBini from 6.1 in
Wadi es Sir and Na'ur to 8.6 in SuweUeh. Amman wu slillhtly below the reBional
average, with 6.5 perlona per household. Zarqa, the other large population center
in the Study Area, had an averalle household size of 6.9.

Municipality of Ammu

Ammu hal experienced the l&IDe characteriitici u that of the Greater Amman
area. The rapid IIrowth of the Municipality since the end of World War D hu been
exemplified in the Table below:

Denaity in
Built Area BuIlt Areas Aunual Growth

!.!!!: Population (DunUIDI) (Persou/dunuml) So!!!
'1946 56,000 Z,500 ZZ.4 10.8

1953 115,000 4,600 Z5.0 9.3

196Z Z55,000 10,000 Z5.5 8.0

197Z 550,000 ZI,OOO Z6.Z Z.4

1979 649,000 38,000 15.6

Source: Ammu Urban Region Planning Group, DepartmeDt of Statiltics 1979 Cenaus

The most rapid growth occurred between 1946 ud 197Z, with aD approximately
equal growth in built area. Between 197Z ud 1979, however, the amount of built
area exceeded the gain in population, actually producinl a lipificut reduction in
population density. This trend is expected to continue. In 1979, the population
density of the city wu 15.6 persons per dunum of built area.

Table 3-8 presents population and household size of the Dine lecton of the
Municipality of AmmlD in 1919. The secton varied areatly in total population
ud population denaity, but differencel were much l.s pronounced in family size
(Refer to Fig. 3-1 for delineation of the secton and census units of the
Municipality of Amman). Popalation of the lecton rUled from 36,000 in the
Central City to 137,000 in Suman, with Yarmouk, Al Nur and Abdali also
containing relatively large totals. Ain Ghazal, Badr, aDd the c:urrently developiDi
Zahru sector contained relatively low populations, rUPI from 37,000 to 45,000
people. Household size varied from 5.3 penona per hOUiehold in zahl'u, to 7.0 in
Yarmouk. Zahru and Abdali, the fastest IIrowinlsectors in the municipality, had
relatively low family sizes of 5.3 ud 5.7 penoDi per household, respectively,
while the remabung secton ranled between 6.4 and 6.9 persolUl per household.
Household size information for units of the city wUl not be available.

3-Z0



PRESENT AND FUTURE SOCIO-ECONOMIC CONDmONS

TBLI 3-7
POl'ULA:1:OI AlII BOUSIBOLD sm OJ STDD'r AlIA

M1J11:CD'ALrrDS, VD.LAQIS AHD owca CAHl'S, 1979
(abov. 3,000 p.~'ODl)

Kulaic:1p.l:LC11 P.~'OU '11'
V:111a.1 Popul.t::Loll IoUllllold. laUiellold

~ 648,.587 99,198 6.5
Z.~q. 21.5,687 31,1.51 5.9
1uI.:1fa 49,622 6,868 7.2
Iaqa'. 4.5,291 6,667 6.8
S.lc 32,866 4,833 6.8
KIdab. 28,.509 3,989 7.1
Wad:1 I' S:L~ 24,497 3,994 6.1
ScbDell.~ cap 24,2~9 3,05.5 7.9
S...:11_ 21,442 2,482 8••
Huab.~f.;, 12,052 1,729 7.0
Sabab 11,108 1,582 7.5
Qu.:1..... 8,500 RA RA

lub.:1I 5,215 902 5.8
N.'~ 5,199 846 6.1
T.ib.b/Qa:1li)'a 4,894 694 7.0
Dbul.:i.1 4,801 663 7.2
S"kbnlb 4,387 622 7.1
Abu Alanda 4,202 589 7.1
laah:1ll:L)'a 4,179 536 7.8
Talb:1)'a CUp 3,949 584 6.8
1faIa:1. 3,892 • 482. 8.1
1b:1~b.C Suq 3,.568 509 7.0
Ain 11 ...U 3,141. 428 7.3
Juv.:1dlh 3,014 429 7.0

• B.cimac.d f~QD 1978 total .(DOC av.:11abl. :1D 1979 CIUUI P~ll~:11lar.r D.C.)

Sou~c.: 1979 CI.UI PZ'.Ull:1aa~ B.C:LuCI., D.p.~tmlDC of Scac:1.c:1c.,~ '
U~ban laaioll 'laaa:1lla G~oup, 1978 Populatioll B.c:LmaC."
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TABU 3-8

POl'ULATIOH AND BOUSIIIOLD SID 0.' AIIWI
IY SIC'OI 1979

'opal.cioD
S.cco~ 'opul.cioD BoUiebolei. ••~ IoUl..14

C..c~.l Clty 36,416 5,68' 6.4..... 137.154 20,087 6••

AiD GII••1 36.914 5,747 6.4

A1 Hu~ a9.733 13.370 6.7

Y.mouk 120,877 17.147 7.0

....1 A:I.D 64,327 9.260 6.9

lacI~ 45,235 6.812 6.6

ZaHaD 39,331 7.371 5.3

....11 78,600 13,715 5.7-
Tocal Clty 648.587 99.19a 6.$
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Table 3-9 liltl population and population denlity (per dunum of built ad non-built
uea) of the 46 unitl of Amman in 1919. Population of the unitl ranled frolll
15,000 in Jabal Al Nuzha to leu than 1000 in three different Unitl' with Al
Hashemi, Jabal Al Taj, Al AI.anyeh, Al Awdah and Al NadU allO containinl
relatively lUle tOtUIL. The indultrial Unitl in Ain Ghazal, and many UDitl in
Zahran, Abdui and Badr Sectorl contained relatively low tOtall.

The ueal in the extreme welt and lOuthwelt with relatively low populatlonl
include AbdoUD, Swelfteh, Radwan, Um Othaynab, al Shmellani, Sportl City, Al
Dahla and Qatana. The populaUoftl of thele ueas were each below 10,000. and
the population denlitlel of all but one were below 3 perlODI pitr dunum. 11le city
mean deDilty for all areas (built and non-built) was 7.5 perlODi per dunum. Thele
denlity IIpel reflect three factOI'll

o The amount of buUt-up area

o Crowdlna

o Family lize

The use of the factor "population per built-up uea" has 1D0re meaninl, because It
eliminatel one of the varlablel in the parameter. However, amount of built-up
area.. . not avaUable for UDitl of the municipality of Amman. DeDiity bued on
built and non-built area can be used for comparllon If the areas compared all are
completely buil t-up, or approach the state. A lood example of luch a comparllon
would be Jabal Huueln VI. Jabal Nuzha ha a denlity of 33.3 periODi per dUDUID,
whUe Jabal Huuein hal a deDiity of 15.1 perlODI per dunum.

The hlghelt population denli tiel wl!re located in the older eutern md lOuthern
portiODI of the Municipality, includiDi al Alhraftyeh, Jabal al Nusha, al Nadif,
Jabal al Taj, uad Al Awdab, ranlinl from approximately Z4 to 33 perlODI per
dunum. Other areall, such a Central City, AI-H,~helDi, Maydan aI Sebaq, a1
Rayhan, Nazal, al Akhdar, Jabal Huueln and Jabal Amman (eatern portion) had
denliti.. ranp. from 14.4 to 11.5 perloDi per dUDUID. The remainder of the UDItl
had denlitiel of 1 or leu personl per dunum.

Other Major Citi.. Within the Study Area

No data are currently avanable for the populatioDi of UDitl or population lub
areas of the other cities in the Study Area. The 1979 CeDiUl information which
will be tabulated by mid-1981, may proYide luch information. Eltimatelof 1979
populatioDi of population sub-areas of Wadi es Sir, Madaba, Suwelleh, Sahab and
Na'ur were made strictly for Ule in the projection of saturation, 1990 and ZOOO
populatioDi of segments of thOle citiel; and as luch, appear in the population
projectioDi section of this chapter.

Seasonal Variation

For the purpose of proYidiDg input for the determination of maximum daily wute
OOWI, an attempt was made to quantify the net changes in population that might
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WLI 3"~

MIJlflCIPALlTY or AIIWI PQ'm..NrIOII AHD POPULATION
DIIISITY BY UNIT D1 1979

1979 Area D.lllic7
Vut 'opulatia (DuDUII). 'opul.cloD/Duma.-
11-19 CaDtl'al City 36,416 2,331 15.6

21 Jabal al Nu•• 75,274 2,261 33.3
22 Al luaou~ 10,486· 1,729 6.1
23 Al11ub.. 40,974 2,593 15.8
24 Al Jom 4,979 2,733 1.8
25 Ala... 7,490 1,579 4.7
26 Rapeden 3,414 3,779 0.9

31 Alia. 5,819 931 6.3
32 Al Nata'l' 2,995 3,130 1.0
33 B-.ab 18.218 3.451 5.3
34 KaI'U 9.192 2,.91 3.2
35 A1 IIIIIbal'f_ 7.4 1.9.1 0.4

41 Jabal al Taj 47.3.9 1.842 25.7

42 1la7c1u al Saba, 33.601 2,194 15.3

43 Al NlnaI'U 6.05~ 1•••• 3.2

44 Al lalNab 2.922 2,669 1.1

51 At "b~afi7ab 47.480 1,49.2 31.'
52 A1 MIdaIl 53.400 2,234 23.9

53 A1 ..,baa 15.714 1,057 14.8
54 1111 al l.il'UI 1.755 1,015 1.7

61 A1 Radif 40.969 1,273 32.2

62 A1 ZObou 11,183 2.040 5.5

63 At Indab 8,270 3.171 2.6
64 Al Nal'j 3,905 3,009 1.3
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1979 .v•• oau:l.ty
Ua:l.t: Popu1.t:Loa (DuD.-> Popul.t:l.oa/~-
71 S...l 17,930 1,026 17.5
72 At AIdt lUI: 27,297 1,882 14.5
73 Al ...... 143 1,319 0.1
74 '1IU.1 2,135 1,482 1.4

81 Jab.1..- 26.133 1,820 14.4
a2 Abelow 3.672 6,424 0.6
83 '1"'_ 6,120 2,899 2.1
85 '1 S..:l.f:l.,eIa 261 329 0·8
86 Va Otlla,..u 3,145 2',053 1.5

91 Jab.l al Wa:l.bdela 15,355 2,146 7.2
92 Jabal al au.••ta 36,531 2,421 15.1

93 '1_:1.._ 9,577 3,546 2.7
94 SPOl't C:l.t:)' 1,423' 2,762 0.5
95 A1 Dalai. 3,'75 2,030 2.0

'6 Qaaaa 4,464 921 4.8-
Total C:l.t:)' 646,77' 86,33S 7.5

So_c. I Dlpal'-.aC of Stati.c:l.c., 1979 C.-u, Couulc_t: lacm-c•••
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PRESENT AND FUTURE SOCIO-ECONOMIC CONomONS

affect the parameters used in the sizing of sewer lines, and sewage treatment
facilities. The summer months were given most consideration in this analysis, as
the highest rates of pel' capita water consumption generally occur during those
months.

The major Sf'asonal movements of population do, in fact, occur dUl'ing the summer
months, marked by the following phenomena:

a The return home of Jordanian workers from Saudi Arabia and the oth..:t
Gulf States

o An influx of tourists and vacationers from other Arab Countries

o An influx of tourists from non-Arab Countries

o The exodus of Jordan University Students who reside in or neu the
Universh':y area, to their fOl'Dler homes scattered throughout Jordan and
abroad

o Movement of farmers and farm laborers from the Jordan Valley to VUlllles
and towns in the Plateau

During most of the year the number of Jordanians leaving the Country e2ii:ceeda
the number arriving. However, starting in June, the number of arrivals exceeds
departures. The table below shows arrivals and deputures of JOI'damau in 1979
(in thousands) during the months from June to September, when the accumulation
of these visiton is at its peatest:

Month Anivals Departures Differences Accumulation

June 91.1 61.3 Z9.8

July 99.1 71.6 Z7.5 57.3

August 91.4 78.5 lZ.9 70.Z

September 6Z.3 157.9 (95.6) (Z5.4)

Source: Department of Statistics, "Arrivals and Departures by Nationality."
1980

Steady arrivals of large numbers of JOI'daniau belan in JUDe, and luted th1"ough
August, with more than 90,000 arriving per month. ID September, arrival. dropped
to just over 60,000; but departure, which had ranled between 60,000 and 80,000
(?~Iring June through August, more than doubled to 158,000. The latter is beUeved
to represent for the most part, the return of Jordanian expatl'iates to Saudi
Arabia and the other Gulf States where they work and live for most of th.e year.
That assumption is given credence by the implied accumulation of Ju. ~anian
visitors in July and August totalUnl 57,000 aDd 70,000, respectivelYJ and
aclcUtionally in view of the fact that more than Z50,000 JOl'danians work in other
Arab Countries. The latest information, from 1976, indicates that approximately
300,000 Jordaniana worked in other Arab Countriea. It is not UDl'euonable to
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assume that as many as 70,000, 01' approximately one-fourth of the Jordanian
workers in the Gulf States come home to Jo\'dan for a vacation during t.he hot
summer months. A disasgregation of the accumulation of net Jordanian arrivals
and departures into short and long vilits (i.e., visits of expatriate Jordanian
workers vs. short trips of permanent residents) cannot be accomplished given
existing data. However, a new program which will provide identification carda for
Jordanians working abroad will allow such information to be compiled. For the
purposes of this analysis, it was assumed that the large' accumulations of 57,000
and 70,000 during July and August represent expatriate workers, and that arrivals
and departures of Jordanians on short trips cancel each other.

The expatriate workel'8 and theh' families will stay in various partl of the country.
However, due to its primary position in the Kingdom in terms of populations,
services, economic activity, and as the omy place for obtaining permits to enter
the West Bank, it was assumed that the Greater Amman area would receive the
vast majority of the Jordanian expatriates. The others would generally retUl'n to
their former places of residence.

The number of tourists from the Arab Countries hal increased dramatically in
recent years; from 159,000 in 197Z to 431,000 in 1975, and 1,075,000 in 1979. A
comparison oi the monthly figUl'es from 197Z to 1979 shows a significant increase
in arrivals in May, steady high levels of arrivals through August, with a slight
decrease in September. Departures, on the other hand, remain significantly lower
than arrivals during these months so that an accumulation of visitors from other
Arab Countries takes place.ZZ The table below representing monthly arrivals and
deparhll'es (in thousands) for the high seasoD of 1979 illuatrates that point:

Month ~J!!!! Departures Differences

May 76.1 63.9 1Z.Z

June 81.7 61.3 ZO.4

July 93.7 71.6 ZZ.l

August 97.7 78.5 19.4

September 89.6 157.9 (68.3)

Accumulation

3Z.6

54.7

74.1

5.8

The accumulation of Arab visitors from the period May to September, reachel a
peak in August with. 74,000; but is substantial also in July and June, with 55,000 and
33,000, respectively. It can be assumed that the high levels of Arab vtaltors
remaining in Jordan dUl'ing these peak summer months, spend relath'ely long
periods, often from one to two monthl. It is reasonable to auume that most of
these visitol'8 stay in the Greater Amman Area, for the same reasons cited earlier.
Comments from officials of some Municipalities and suburbs in the west and
northwest suburban areas of Amman confirmed that usumption (see Appendix F
Community Sanitation Reconnaisance Survey for detailed information). The cities
of SuweUeh, Jubeiha, Fuheis, and suburb of Safut were among the relpondees.
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Approximately half of the Al'ab Visitol's to JOl'dan ue bom Syl'ia, while the
majority of the I'emaindel' come bom Lebanon, Egypt and Saudi Al'abia.

The numbel's of visitors (toUl'ists) bom non-Al'ab Countl'ies dUl'ing t'le pel'iod 1975
to 1979, fluctuated between ZOO,OOO and 300,000 per yeu. Thel'e has been no
significant increase in recent yeus. A compuison of monthly anivals and
depal'tUl'es shows no dtsCl'epancy. Thel'efol'e, it can be concluded that these visits
ue of short duration. It is assumed that the vast majority of these visitol's stay in
hotels in Gl'eatel' Amman, and subsequently in othel' puts of the Kingdom. It must
be concluded that the contl'ibution of non-AI'ab tOUl'ists to seasonal val'iation in
population is insignificant.

The contl'ibution of Jordan Univel'sity students to season~ vuiatioDS in Jubeiha, Al
Rashid and the genel'al University uea was assessed and found to be insignificant.
Based on total enl'ollment of 9000 students, it was estimated that appl'oximately
ZOOO foreign and male students could be living neu campue, 1000 female students
live on campus while the I'emaining 6000 students commute to their homes in the
municipality of Amman and its pl'oximity.Z3 The" : .ect will be even less
significant when it is considel'ed that the students living on 01' neal' campus ue
away for the summel' holiday when the infiux of Arab visil'.JI·;I is at its peak.

Seasonal vuiations in populations of othel' cities and villagt w~·~.;4n the Study Al'ea
do occur, but they 81'e not significant in tel'ms of sewaRe system planning.
According to local officials the cities of Madaba and Na'ur, and villages of JUI'eina,
Um el Basatine and EI' Rawda experience population incl'eu*",s :t1\ tammel' in the
fOl'm of vacationel's and fumel's and farm wOl'kel's fl'om the ..Jordan Valley. The
t1U'ee villages also experience inCl'eases in the late winter and euly spring, as
additional fal'me!'ll and f8l'm wOl'kel's 81'l'ive. The large decl'ease occurs in autumn.
The Baqa'a Refugee Camp and cities such as ZaI'qa, Ruseifa, Sukhneh and othel'
al'ound the Study Area I'epol'ted large inaeases in summer due to the I'eturn of
workel's from the Gulf States, confil'ming the previous analysil of JOl'danian
al'l'ivals and depal'tures. (See Appendix F Community Sanitation Reconnaisance
SUI'vey fol' detailed information).

POPULATION PROJECnONS

Pl'evioul Studies

The majol' IIOUI'ce for mOlt I'ecently-pl'oduced population pl'ojections for the
Amman Region has been the AURPG. In theil' 1979 report Planned Development in
the Balqa-Amman Region 1981-1985, several models of futUl'e population of the
Region were outUned. The following three models of National population growth
were pl'opOlled and evaluated:

• Constant birth I'ate - of 51 pel' 1000 persons 1975.. ··),lj;1;.

• Declining bil'th I'ate - declining to 46 pel' 1000 in l'1ft: I 'i...: j6 by ZoOO
• Rapidly declining birth I'ate - 46 pel' 1000 popul.'ltionin 1985, and Z6 pel'

1000 pel'sons by the year ZOOO
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The death rate applicable to all three models was assumed to decline slightly to a
level of 9.8 pel' thousand per year in 1985, and 9.6 by 20qO. In-migration was
allumed to balance out-migration for the East Bank of the Kingdom. The following
annual rates of increase were assumed in the three models:

Constant

Declining

Rapidly Declining

1975-1985

4.10

3.85

3.85

1985-2000

4.13

3.13

2.63

FoUl' distribution modela were combined with the National Birth rate modell to
distribute population growth among the repo. of the Kingdom. They reprelented
high growth in Amman va. other repont, medium Irowth and balance amonl the
regions, a "de-Ammanization" model, and decUlliq powth model with continued
concentration in Amman. The fourth model was chOJen to be used in combination
with three subregional distribution models. It assumed a 5.0 percent annual
increase for the Amman Region between 1975 and 1985, and a 3.8 percent
increue for the period 1985 to 2000. The implied growth rate for the period
1979-2000 was calculated so that the UlDUal rate of increase for the AtJRPG
model could later be compared to the rate of increase cholen for thU Stud~. The
impUed growth rate for 1979-2000 for the AURPG model was 4.03 pel'cent.Z4

Other recent studies which included relevant population increase uaumptiou
included two lewerage studies for AWSA, and a solid wate study fol' the
MUDicipality of Amman. The 1979 solid wute manqement study for the Gl'eatel'
Amman Reglon25 ..umed a 3.2 to 4.0 percent annual increase fol' the Amman
Region, repl'elenting a population of 2.6 to 3.2 million for the period 1979 to 2000.

A feuibiUty Itudy. ~ompleted in lat" 1977 for a water supply and sewale faclUttes
system for AWSA26 included population projectiou for the Amman Relion bued
on the 1971 ceDaua. A rUle of UlDual inereue from 5.0 to 3.2 pel'cent wal
assumed fOl' the pel'ioc1 1977 to 2000. The MUDicipallty of AmmlD wu pl'ojected
to contain 1.1 milUon people by 1990, and 1.6 mUUon by the year 2000.

Potential Saturation Population

The estimated satvation population of the urban centers within the Study AlIea
can be uaed u one of the inputs in the llizinl of lewerale faclUttes. It providel a
laUie for determination of ultimate system requirements, which .hould be a
major determinant of the llizinl of sewel' trunk Unes, and the capacity of
treatment plants if latUllation levell are projected to be reached within the study
period, or soon after. If s.tUllation levell ue not expected to be reached within
five to ten years beyond the study period, they can still be used as ID input in the
detel'minatlon of final Iy.tem delip leultivity analy.is, a an indication of the
fiexibUity required by the syltem to meet future demandl.

I



PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

Saturation populations were estimated for the Municipality of Amman, the
suburban area surrounding Amman, and the municipalities of Wadi es Sir,
Suweileh, Madaba, Sahab and Na'ur. The Municipalities of Zarqa, Ruseifa and
Musherefeh were not included because their saturation populations had been
estimated recently in a separate study.Z7 The estimates projected in that study
were accepted for use in this study, as they were derived using the same method.
The Municipality of Salt was not included, because its town plan is currently in
the process of being revised. For the purposes of our study, we will assume that
Salt will have a saturation population which is roughly :Jmilar to those of Madaba,
Suweileh and the other large outlying mwdcipalties in terms of their ratios of
current population to saturation population. The Baqa'a and Schneller (Marka)
Refugee Camps were assumed to have saturation populations equal to their
current populations, as their residential areas are restricted to their current
boundaries, and upward expansion of structures is prohibited. It is assumed that
the excess populations of the refugee camps will move to other urban
communities throughout the Study Area. Thus, all urban centers with populations
above 10,000 were evaluated for potential saturation populations.

Na'ur was also evaluated although its population was only 5,ZOO in 1979, because
the saturation populations of various subsections of that city were neCe8881'y for
the projection of 1990 and ZOOO populations for subsequent drainage and sewer
line si tinlZ analysis.

The following method was used to project population saturation levels for the
municipalities listed above:

Step 1

Step Z

Step 3

Step 4

Step 5

MtA.Jl areas of p81'ticul81' zoning were measured through the use of a
planimeter for each unit in the Municipality of Amman, and for the
other cities as a whole.

Aerial photographs from 1978, 1979 and 1980 were used to estimate
the proportion of each zoned area that is currently undeveloped.
Visual reconnaissance via automobile was used to supplement 1978
photographs.

Zoning and building regulations from the 1979 Planning and Building
Code regarding lot size, coverage and buildiDg height were applied
to the areas of each zone to determine the maximum number of
dwelling units for each zone.

The projected number of units for each zone was multiplied by the
6.5 estimated number of persoDS per family (reflecting a slight
decline from the current 6.7 average).

Individual zones were grouped together into larger divisions of the
municipalities based on contour lines and preceived small-scale
drainage areas.

See Appendix B for a detailed description of the methodology used to project
saturation populations.
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Table 3-10 lists the saturation populations of the major municipalities within the
Study Area (excluding Salt), aQ,d the suburban 81'ea surround Amman. The
Municipality of Amman has a projected saturation of 1.3 million, or double its
1979 population of 649,000. Zarqa's projected 566,000, is Z.6 times as large as its
1979 total. Ruseifa (including Musherfeh) is projected for a capacity of Z30,000,
or 4.6 times as large as its 1979 population. The other areas with the large
capacities for growth include Wadi es Sir, Madaba, Suweileh and the suburban area
Gurrounding Amman. Saturation would increase the population of the latter by
approximately 805,000. The outer areas of Amman Municipality, the suburba
areas surrounding Amman, eastern Wadi es Sir, and the Ruseifa area, are expected
to be the major growth areas within the Amman Region between 1980 and the
year ZOOO. See Appendix B Tables B-3 through B-8 for breakdowns of projected
saturation populations of the sub-areas of the Amman Suburba Ring and the
cities of Wadi es Sir, Madaba, SuweUeh, Sahab and Na'ur.

It must be noted that the saturation growth levels shown here are more a
reflection of official development plans than the actual potential for growth. The.
overall average densities of these cities would be similar at saturation to current
average densities. Differences would exist within the sub-areas or units of the
cities due to planning goals as represented by the Planning ad Building Code,
1979. The majority of land in the outer areas of the cities i. zoned A ad B for
low-density development. However, currently built-up areas in city centers do
not contain high-rise housing, which i. allowed, ad expected to be developed in
some of the outlying and medium-distanced areu from city centers. These
saturation projections took this into account, and used high-rise as a balace
against the extensive A and B zoning for currently undeveloped areu. It would be
possible, of course, to place more housing units on smaller p!ots in these areas,
but the l:beral high-rise auumption keeps the projection in line with what is
realistic, without rejecting current plans.

The large difference among cities in growth required to reach .aturation, such as
only 101 and 16Z percent growth for Amman and Zarqa, compared to 613 and
5,031 percent for Wadi e. Sir and the Suburban RiDg reflect the extent to which
each municipality desired to plan outlying portions of their jurisdictioDi. The
saturation levels for these particular plans ue likely to be reached at hiPlY
separate intervals, mo.t of which are likely to be after the yeu ZOOO.

These projectioDi are valuable, however, because they provide a reasonable
estimate of the ultimate populations that will occupy the land within the pluming
boundaries u assessed. It is also a gauge that can be used to test the validity of
population projections for individual area based on auumptioDl of birth rates,
death rate. and migration. For the cities of Amman and Zuqa, which will either
reach saturation by ZOOO, 01' approach it, the .aturation populations can be used as
an important input for the sizing of sewage facilities.

Saturation levels for the units of the Municipality of Amman are prelented in
Table 3-11; the location and boundaries of those units lI'e shown in Fil. 3-1. The
units with the lugelt potential population increase ue the following: Abdoun
(89,000) and Shmeis8Di (31,000) in the west; Al Rawdah (65,000), Al Zuhour
(35,000) ad Al Akhdar (Z7,000) in the south; Al Rabwah (50,000) and Al Manuab
(Z8,000) in the east; and Al Jorm (34,000) and Al Rewaq (Z9,000) in the north.
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'1'AILI 3-10

IS'fDCA'rlD SAtuUrlO1l lIOfUl.UI01t or r...w:I IIJlIIC11'ALlTUI AID

TIl SUlUIIMI AlIA SUIIOUlDDlG AIIWI

(1.000)

Az...•
'opal.ciOD S.Cur.CiOD l~w.... '.n_c 'fotal S.c••cia

1179 lacw.... 'oel.dn-
HllllidpaUC7 of '- 64' 656 101 1.305

"Subuna Uaa"b 16 805 5.031 121

ZUq• 216 3SO 162 566

....if.c SO 110 360 230

......... 2' 101 341 130

Voi .. Sb 25 147 613 111

S.-aU_ 21 ,. 276 ."
Sabab 12 42 3SO 54

Ia'. 5 II 360 23

•!be Haaicip.liC7 of salc ... DOC tDcluded ia Chi. ...l,.i. b1c1U., ic.
c... pla b cun_cl, It.lal •

It
1IIcludlai Jab.iIIa. IIlUd•••1 AU b_i .1 Gbulti. u.. " 1-...
-J .1 _. Al .......l.la. Quai Ia talC of V.....c....C _ ••;
loutll Jow'" Uuftl'.ic,. ad cba Aia Gbaul load '1'.' vue of AiD Qbual.,
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'UILB 3-11
PIOJlC'mD SA'l'UIATlON POPULATION
MDHICD'ALrrY or AMIWf BY UNIT

Sac~aciOD IDc~.a•• SacuraCioD PopalacioD
J!W. HaM (1000) (1,000)-
11-19 CaCZ'al C:l.C7 0 36
21 Jabal al Huaba 7 82
22 Al luaoUZ' 0 10
23 At lube 27 68
24 Al Jom 34 . 39
2S A1 a..... 29 37
26 1a...·d·1I 17 21
31 Allalba 0 6
32 At HacaZ' ' 0 3
33 p.". 4 22
34 IfaZ'q. 2 12
35 A1 Muab.tfeb 0 1
41 J...al .1 'raj O· 47
42 HaJdu al Sebaq 6 40

43 At llallaZ'ab 28 34

44 At ....... 50 53
51 A1 "bZ'afi,. 0 47
52 At AIIdab 0 53
53 At..,... 15 31
54 1711 .1 leiZ'aD' 5 7' .

61 At I.if 0 41
62 At labour 35 46

63 At 'sn'.b 65 74
64 At Ilu'J 13' 17
71 Rua1 20 37
72 At +»d.r 27 55
73 Al .... 23 24
74 Atti1al 21 23
71 J...al "'n 4 30

82 AbcIoUD 89 93
83 At"'. 24 31
85 At Irdi,. 2 3
16 1711 Otba7Ub 15 11
91 J....l W.iW. 6 21
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UDit H_ S.tu~at~oD IDc~.a•• S.t~atioD.'opulat£oD

- (l000) (1,000)

92 Jab.l ....ia 7 44

93 AI m-ilai 31 41
94 Spo~ etc, 16 18

95 AlDabia 23 27
96 Qataa 10 14·

Total eit7 1,305

Sou~c.: Couult:ut ADalr.i.
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

These areas are all on the periphery of the city, adjacent to suburbs which also
have large capacities for growth. The latter grouping is expected to have the
fastest growt'h rate in the region during the study period.

The suburban area surrounding Amman is planned for urban uses (including
residential), with major emphasis in the western suburbs. The suburbs adjacent to
the southern and eastern boundaries of Amman are also planned for substantial
growth. Only one limited area north of the Municipality is zoned for urban uses.
Fig. 3-1 shows the "Suburban Ring" around Amman with its divisions for which
saturation populations were estim ated.

Projections for the Study Area 1979 to ZOOO

Using the growth models and saturation projections discussed earlier, the 1990 and
ZOOO populations of the entire Study Area and its individual large communities can
be projected.

For the purpose of this study an annual growth rate of 4.13 was assumed for thf!
Study Area for the period 1979 to ZOOO. The assumed growth rate for the period
1979 to 1990 was 4.46 percent, and 3.8 percent for the period 1991 to ZOOO. These
assumptions parallel the projections of the AURPG Regional Model D, "declining
growth rate and continued concentration in Am~an" which has an implied 4.03
growth rate over the 1979-Z000 period. The extra one-tenth percent was added
because in-migration to the Study Area is not expected to decline as fast as it was
in 1978 when the AURPG Study was made. The assumed growth rate is consistent
with the current trend of a slight decline in birth rate and continued (though
declining) migration from other parts of the Kingdom to Amman. The slight
decline in birth rate is expected to result £loom an increasing level of education of
the general population, combined with a significant increase in the participation
of women in the workforce.! The planned new towns of Abu Nusair, Alia Airport
city and the Sahab/Airport City were assumed to contain their planned
populations for 1990 and ZOOO as scheduled. To accommodate these plans, and
retain the overall regional population rate of increase, the following steps were
taken:

(1) The regional rate of increase was applied to 1979 population to proj ect
1990 and ZOOO regional totals.

(Z) The projected new city totals for those years were subtracted from the
Regional totals.

(3) The remaining populations were distributed among the three groups of
commwlities listed above (Amman and suburbs, outlying large cities, small
towns, villages and rural areas).

Application of the 4.46 annual percent increase for the period 1979 to 1990 to the
existing Study Area population would result in an increase of 784,000, and a total
population of Z,057,000 for that year. The area's ZOOO population would be
Z,987,000, an increase of 930,000 over the 1990 figure, assuming the 3.80 percent

.~ i



PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

increase for the period. That total would be Z35 percent increase over 1979
population. The projected addition of 1.7 million is a large population to be
absorbed by one urban area in a relatively short ZI year span.

The total populations of the new cities are projected to be approximately 115,000
by 1990, and Z45,000 by the year ZOOO. A reduction of the projected population
tCltalS for those citi~s leaves increases of 669,000 to the year 1990, and 1,469,000
to ZOOO, to be distributed among the other cities, villages and rural areas, because
the Radial Corridor Model did not take the proposed new cities into account. The
growth rates of the remaining communities in this study 3.9 and 3.5 percent for
the periods 1979-1990 and 1990-Z000 respectively, will be lower than their
respective rates projected by AURPG.

The "Radial Corridor" subregional distribution model suggested by AURPG was
used as a guide for distribution of the increase within the Region. The model's
growth projections are designated for subregions which closely match the urban
areas of the larger cities in the Study Area. The growth rates in the AURPG
Projection represented an overall study period of 1975 to ZOOO, as well as the
interim periods 1975 to 1985, and 1985 to ZOOO. This model's implied growth rates
for the period 1979 to ZOOO were calculated so that the annual rate of increase
would correspond to the study period in this analysis. The following table reflects
these impled growth rates:

AURPG -RADIAL CORRIDOR MODEL
(Adjusted from period 1975-1985)

I

Amman Subregion

Zarqa, Ruseifa, Madaba
Salt

Rural Communities

1979-1990

4.7

3.7

3.Z

1990-Z000

4.0

3.Z

Z.7

1979-Z000

4.4

3.5

3.0

The AURPG Amman Subregion ctnresponds roughly to the total area of the
municipality of Amman, Wadi es Sir, Suweileh and the "Suburban Ring."

It was assumed that the Municipality of Amman will grow at the rate of 4.Z
percent per year between 1979 and 1990, and 3.9 percent between 1991 and ZOOO.
These rates would increase Amman's population to 1,0ZO,000 in 1990, and
1,510,000 in ZOOO. Assuming the City's saturation population total of 1,305,000
(as projected earlier in this analysis), saturation would be reached about 1996, or
approximately, midway between 1990 and ZOOO. This of course refers only to the
area within the Municipality's current (1980) boundaries. Alternatively, the
"Suburban Ring" around Amman would be far from saturation, mainly because of
its sparse density at the beginning of the study period. If the 4.Z and 3.9 percent
annual increases were applied to its 1979 population of 16,400, the "Suburban
Ring" area would only contain Z6,000 people by 1990, and 38,000 by the year ZOOO.
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This would not be a realistic growth rate for this area, as it is cunently among
the fastest growing areas in the Kingdom, and is expected to continue to be in the
near future. Ther(~fore, it was assumed that the excess of projected growth for
the Municipality (If Amman over the City's population at saturation would be
located instead, within its "Suburban Ring." The 1990 and ZOOO totals for the
Suburban Ring were derived by applying the Amman Municipality 1990 and ZOOO
rates of increase to the areas 1979 total, and adding the AXCef.lS population from
Amman to the Suburban Ring totals. As saturation in Amman would not occur
until approxim ately midway through the 1990-Z000 poriod, and growth in the
Suburban Ring would occur before Amman saturation, that period was usiiJled 75
percent of the excess while the remaining Z5 percent of the excesl will occur
during 1979-1990. Wadi es Sir was assigned the high rate of irowth aSlumed for
Amman and its other suburbs for 1979 to 1990, and as its growth is expected to
continue at a high rate, a 4.6 percent annual increase was usigned to the period
1990 to ZOOO. Zarqa and Ruseifa were assigned the growth rate used in the Za\'qa
Ruseifa study,Z7 as they were based on land use analy.is. Zarqa and Ruaeifa were
assigned annual increases of Z.9 and 5.6 percent for the period 1979 to 1990, and
3.7 and Z.7 percent for 1991 to ZO(JO, respectively. Madaba, Salt, Suweileh an~

Sabab were assumed to increase by 3.3 perent during the period 1979-1990, and
3.5 percent between 1990 and ZOOO. Sabab's growth is not expected to be as
dramatic as that of the Amman Suburban area, as much of its growth would be
diverted to the new SabablAirport City. Remaining growth was attributed to the
small towns, villages and rural areas at the levels of Z.9 percent per year for 1979
to 1990, and 3.Z perent from 1991 to ZOOO. The low growth rates in the middle
size cities, villages and rural areas reflect the contined trend of migration of
population from rural areas to the Greater Amman Area.

Table 3-lZ presents population projections for 1990 and ZOOO, and saturation
population for the major urban centers in the Study Area. Table 3-13 li.ts
projected 1990 and ZOOO populations for the remaining municipalities and villages
with 1979 populations above 3000.

Figures 3-3 and 3-4 provide a geographic representation of population centers
showing relative sizes for 1990 and ZOOO.

The National Housing Corporation (NHC), Jordan Urban Project, and the Jordan
Cooperative Association have several housing projects planned for various sites in
the Study Area within the next five years. The NPC projects, other than the Abu
Nuaair and Airport/Sahab City developments, are relatively small.Z8

The Jordan Urban Project developments scheduled for Wahdat and Wadi Haddada
are planned for upgrading of substandard housing. The relatively large projects
planned for East M8I'qa, North Ruseifa and Queismeh will contain lZ00 and 1800,
units, respectively. The substantial population increase. projected for these areas
within the Amman Suburban Ring and Ruseifa took into consideration the Jordan
Urban Project Plans.Z9

The Jordan Cooperative Association represents many private housing cooperatives
which have several housing developments planned for various sites throughout the
Study Area. Most of these are relatively small compared to the growth projected
for various sub-areas within the Study Area. The largest of these projects include
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDmONS

TABLE 3-13

PROJlCTlD l'OPULATXONS or NUNICIPALITIES, VItLAGlS AND oTRIa URIAN

COIIIIJHITtlS, DAIlS 1990 AND 2000a

(1,000)

Popu1acioa Populacioa Iacl'.... Popu1adoD Iacl'....
Co_ity 1979 1990 1979-1990 2000 1991-2000

'-aD 649 1,020 371 1,305 285

Zal'qa 216 295 79 421 126

Iu.Ua 50 91 41 125 34
Baq 'a Cup 45 45 0 45 0

Salt 33 47 14 66 19

Madaba 2' 41 12 58 17

Wadi •• Sir 25 3' 14 62 23

Sc1ule11e1' Cup 24 24 0 24 0

Suv.U.b 21 31 10 44 13

Sahg 12 17 5 24 7

...b.deb 12 16 4 23 7

rub.b 5 7 2 10 3

lIa'ul' 5 7 2 10 3

Tailleb/Qaili)'a 5 7 2 10 3

OUl.U 5 7 2 10 3

SukbD.b 4 6 2 8 2

Abu A.laada 4 6 2 8 2

Ba.biJIiya 4 6 2 8 2

Tallliy. Cupa 4 4 0 4 0

Kahil 4 6 2 8 2

Ibirb.t Suq 4 5 1 7 2

AiD .1 IaIba 3 4 1 6 2

Juv.id.b 3 4 1 6 2

Subul'baa tial A.l'owad
....11 16 74 58 2.50 176

Abu lI\IIail' 0 40 40 100 60

Sabab/Ail'pOl'c Cit)' 0 60 60 120 60

Airpol't Clty (J1Ia) 0 15 15 25 10

__lad.1' of ".loa -!L 133 42 200 67- - -- -
Total ".ioa 1,273 2,057 784 2,t87 '30
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

a "fuS" Campi wa~a allUDed to be a~ latu~atioD bacaUia boutiDI .~.al a~e r.,trictad
to cu~aDt 1imitl.

b lDc1udiq TUa a1 Ali, IbUda, A1 Nllqab1eiD, Soutb UDhanit)' Ma., AiD GIIa.a1 Mea,
lal~ Ma~ka, But Wahdat, s...bui. a1 Gbarbi, u.. 81 S.-aq, Jube:i.ba, quail_b, mel
Ha~.1 a1 H,··m,

Sou~ca: Dap.~em.Dt of Stati.tic., 1979'CaDlUI, CoDiultaat Iitimata.
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the Alia Housing Project in Marj a1 Hamam, which is planned for approximately
400 l1JIits, 103 of which are planned to be developed within a year.

Marj al Hamam is planned for 178 additional units for 4 other cooperatives
including one for Ministry of Agriculture employees. Other relatively large
cooperatives include one at El Nuweijis for lawyers, with 106 units scheduled, a
190 unit cooperative at El Yaduda for pharI!Jacists, and 300 units at Um es
Summaq for Engineers.30 Most of the othe~1 plmmed cooperatives are much
smaller. None of these projects is large enough to warrant special treatment in
the distribution of growth throughout region 8fl are Abu NUiair, the Jiza Airport
City, and the Airport/Sahab City, whose populations will be significant.

Military housing projects will be treated in the same manner as the other housing
projects. The Military Housing Projects at Muj al Hamam and Um es Summaq,
and fut!lI'e planned projects are not large fc!nough to affect the population
projections of a given area. The locations of the planned housing projects are
within areas projected for significant growth according to this analysis.
Therefore, the growth potential for these cooperatives is represented by a portio~

of the population increase projected for those areas.

Disygregated Population Projections

The projected population increases for the Municipality of Amman, "Suburban
Ring" around Amman, and several of the larger muni,cipalities were disaggregated
into subunits for the purpose of determining the spatial distribution of water
dem ands and wastewater Oows from particular drainage subareas. The basis for
distribution of the projected city totals to subunits was the product of the
saturation population analysis. The population increase for each subunit required
to reach saturation was measured as a projection of the increase required to reach
saturation for the entire city. That proportion was then assigned pro rata to the
subunit as that proportion of the projected total city population for 1990 and
ZOOO.

Municipality of Amman

Table 3-14 presents projected population and population density for the years 1990
and ZOOO for the units of the Municipality of Amman. As indicated in the
saturation population projections, the units of the city projected for the most
growth in both study periods are Abdoun (Unit 8Z), Al Rawdah (Unit 63), Al
Rabwah (Unit 44), Al Zohour (Unit 6Z), Al Jorm (Unit Z4), Al Shmeisani (Unit 93)
Al Rewaq (Unit Z5), Al Manarah (Unit 43), Al Akhdar (Unit 7Z) and Al Hashemi
(Unit Z3). Each of the units listed above, represented more than four percent of
the overall city increase. Abdoun would receive the largest increase, with
approximately 51,000 during the first study period, and 38,000 during the second.
Population density in that unit would increase from 0.6 persons per dunum in 1979,
to 8.5 by 1990, and 14.5 in ZOOO. Al Rawdah would also change dramatically, with
increases of 37 and Z8 thousand during the first and second periods; and increasing
density factors of Z.6 in 1979, 14.3 in 1990 and Z3.Z in ZOOO. As stated in the
saturation population analysis, the areas projected for the highest levels of growtl!
are the far west, southwest, extreme south, eastern and north central portions of
the City, generally adjacent to the city's boundaries. The central, older areas of
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ae_e" lItO ... 2000 ......I.el.. lacl'.... fol' tit. cotal cie,. - tft

c fl'oj.ce.. uai.. 19lt pl-u.. .. W'.'.. coM• .-. T_ fl_ ... 1111 ..del fIIotop'............ _-i_ ...,.......C of cunea£l,
lIIIIIeY.l.... I....
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

the city have, for the most part, already reached thl3 saturation level; while the
remaining areas will reach saturation during the period 1990 to ZOOO. The
population density of the Municipality as a whole would increase from 7.5 persons
per dunum in 1979 for total land area (developed and undeveloped), to 11.8 in
1990, and 15.1 in ZOOO. Densities for 1990 are projected to range from less than
five persons per dunum in highly industrial portions of Ain Ghazal (Unit 3Z and 35)
and outlying ueas such as Al Sweifiyeh, Al Marj, Raghadan, Um al Heban; to over
ZO persons pel' dunum in Jabal al Nuzha, Al Hashemi, Jabal al Taj, Al Ashrafiyeh,
Al Awdah, Al Rayhan, Al Hadif, Nazal and Al Akhdar. The latter grouping
represents much of the existing low income areas of the city. Population
increases to the year ZOOO would further increase densities of the non-saturated
ueas, with the most significant increases in the areas which were the most
sparsely inhabited in 1990 (e.g., Abdoun, Al Hamra, Al Hilal, Al Rabwah, Al
Manuah, Al Jorm, etc). Densities in the western portion of the city such as
Shmeisani, Qatana, Sweifiyeh, Om Othaynah, Al Dahia and Sport City would also
increase significantly, but for less density than the group of units listed above,
due to lower planned densi ties.

Amman Suburban RinS

The "Suburban Ring" around Amman includes the following population sub-areas:
south of the city (1) Marj al Hamam, (Z) the area south of Al Hilal, (3) Al
Muqablein - east of the city - (4) Queismeh/and the area east of East Wahdat, (5)
East Marqa; north of the city - (6) the Ain Ghazal Road area immediately west of
Ain Ghazal- n~rthwest of the city - (7) Qatana/TUa al Ali, (8) area southwest of
Jordan University, (9) rural area surrounding Khilda, (10) KhUda, (11) area east of
King Hussein Medial Center, (lZ) Um es Summaq and (13) Jubeiha. The ring is
completed by a portion of Wadi es Sir directly west of Abdoun and Sweifiyeh. Its
population was disaggregated along with the remainder of Wadi es Sir. The areas
listed above are shown on Fig.3-1..

Table 3-15 lists the disaggregated population projections for portions of the
"Suburban Ring" sub-areas for 1990 aDd ZOOO. The sub-areas with the largest
projected increases between 1979 and 1990, and 1991 and ZOOO, with the highest
population in 1990 and ZOOO are: Quesimeh/East Wahdat, East Marqa, Qatana/Tila
al Ali and Um es Summaq- each with an annual increase greater than 10 percent,
and in most cases, greater than 15 percent. These four sub-areas accounted for
63 percent of the growth in the "Suburban Ring" during the period increasing by
158,000. Areas within the "Suburban Ring" with smaller increases and lower
population densities projected for 1990 and ZOOO include Khilda, rural area
surrounding Khilda, Jubeiha, the area south of Jordan University and east of the
King Hussein Medical Center. Zoning in these areas prohibits dense development.
The remaining sub-areas of the "Suburban Ring" are projected to experience high
rates of growth but not as high as the eastern and western suburbs. Muj el
Hamam, Al Muqablein, the Ain Ghazal Road area and Al Hilal would have a total
popllation of 63,000 by the year ZOOO.

Other Cities

The 1990 and ZOOO population projections for the Municipalities of Wadi es Sir,
Madaba, Suweileh, Sahab and Na'ur were disaggregated into geographical subunits.
The larger communities in the Study Area (those above 10,000 population) were
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'fAiU 3-15

AIIWI SUlUIIAR lING AlIA PO'ULATION 'IDJICTIOH

Sub-II'D 1979 1990b 2000c SaeUl'adOD
Ile_e.1 - 'opulldoDd

i. lluj 11_ 1,500 6,600 22,500 71,700
2. Al BUal 200 1,700 6,800 23,700
3. Al .....abl.1D 800 3,600 12,500 41,200
4. Qu.l_la-la.e of'

lue Walulae 8,500 20,500 51,400 125,200
5. Ia.c ltal'q. 100 7,700 34,200 121,700
6. AiD GIIa.l Ioacl 100 4,900 21,400 83,600
7. Qacaaa-'fll. 11 All 1,500 9,500 35,300 115,000
8. Soum UDlv'l'lltJ 200 2,200 8,900 31,_

9. "al llailcla 100 600 2,400' 5,200

10. IIIUda 200 800 2,600 I,_
ll. ...lcll CaCR .U 100 1,_ 6,600 24,600

12. va •• S.-q 1,500 9.too 37,400 127,200

13. Jub.l1Ia 1.600 3.500 2.a.I1L. 19.100

'focal 16.400 74.000 250.000 "1.•

I IICt.aC.d fl'a. 1979 CaDlua total.

b hoj.tacl b, Ippl1lDl 4.2 "I'ceut ....1 iDcnu. to CIaa al.dDI papal.tloD
tot:a1... adelial to t:bat U ..... 25 '.I'cat of CIaa JaaUclpallC1 of~
ac•• of Pl'oJ_Cacl PORia 0••1' lea .atuatlOll papalatiOll.

c hoj.ctacl b, 1"l,lq 3.9."l'cat .....1 ll1el'.... to 1'90 pa,ul'ClOD coCll •
.... ....lDa 10 tue fl..., 75 ,RC'Dt of ela. IIualcipallt:1 of~ ..... of
'I'oj_tacl II'WCIl 098 lea ..t:uaeloD papulatioD.

d laf. back to ''Poe_tial Sat.acioD 'o,..latloD" .uII••doD fol' • d.c.UacI
d'.l'l,cloD of _tbacIolol1.

SoUI'C'1 D.pal'c.aDC of Se.tl.tlc., 1979 ClDlua; CoDlult:aac Aaal,ll••
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included with the followini exceptionll Zarqa, Ru.eifa, Salt and MUlherfeh.
Thole citie. were not included becaule they were .tudied in detail in the recent
Itudy.Z7 Salt wu 'not included becau.e itl town plan i. currently beini reyl.ed,
and the new yefllon would not have been available in time for thl. an.ly.il.

The di.agireiated population projectionl for aub-areal of the Municipalitiel of
Wadi e. Sir, Madaba, Suweileh, Sahab and Na'ur for 1990 and ZOOO and .aturation
leyel. are li.ted on Table 3-16 throup 3-Z0. Fiiure. 3-5 throuih 3-9 Ibow the
boundarie. of the lub-areal for the five municipalitie.. The 1919 populationl for
thele lub-areu were not available from the cenaul. Therefore they were
eltimated by apportioninl the 1919 cenaUi fiiW'e for the total city to each IUb
area by matchlni 1978-1980 aerial photoiraphl to town plannini mapl.

Durini the periodl 1979 tbrouih 1990, and 1991 throuih ZOOO, the bulk of the
growth in Wadi el Sir il expected to occur in itl e..tern portion (new uea). That
portion of the city il called Bayader Wadi el Sir and il located both we.t and ealt
of the Suweileb-Na'ur Road. It includel lubue.. 5 tbrouib 14 (lee Fipe 3-5).
The Old City, or lub-areal 1 tbrouSh 4, il projected to have a population of 14,ZOP
by 1990, and ZI,100 by ZOOO. Thele totall reprelent 41 and 110 percent incl'e..el
above the 1979 total Old City population of 10,000. The other portioDl of tbe
city are expected to Irow at a much futer rate. The lub-ue.. with tbe lUielt
projected populationl in both 1990 and ZOOO uae 5 and 6, whicb would total 10,600
in 1990 aDd 17,500 in ZOOO. Sub-areu 8-1Z would each have Ie. thu ZOOO people
by 1990, and lell than 3,000 by tbe yeua ZOOO. ThUi the lI'eal with the biihelt
concentrationa of population, both in 1990 aDd ZOOO ue the Old Citya Sub-ue.. 5,
6 and 7 (Bayader Wadi el Sir, both north and loutb of the WacU el Sir-Amman
Road), and the Sweifiyeh area (Iub-area 13 and 14) adjacent to Amman.

Major ifowth in Madaba between 1979 and ZOOO i. expected to occur in it.
weltern, northern and eutem outlyini area. The central and lOuthea pOl'tionl
of the City, much nearer to laturation levell, would pow at the rate of Z.1
percent per year during the Itudy period. The central and lOuthelft portioDl of tbe
City, compuing lub-areal I,Z ad 3, ue projected to pow from Zl,",OO in 1979 to
Z5,300 in 1990 and 30,600 in ZOOO. The bulk of Madaba'i II'0wth durini the Itudy
period projected for tbe remainini lub-lI'ea. (4 tbroup 1). 'l'hey would increa.e
from 7,100 in 1979, to 15,400 in 1990, and to Z6,900 by the yeu ZOOO.

Projection. for Suwe11eh lhow a pattern of development that cUffen from that of
the other citiel of tbe detailed analysil. Itl Irowth il projected to be relatively
wdform, Ipl'ead among the CitY'1 lub-areal. PopulatioDl of the lub-lI'eal would
r8Dge from 1,100 to 6,100 in ZOOO. Tbe lub-area with tbe lUle.t populationa in
1979 (4, 6, 7 and 8) would continue to have the larielt populatioDl in the city in
1990 aDd ZOOO; with 17,500 in 1990 and ZZ,100 in tbe year ZOOO. Tbe.e fipel
reprelented 40 and 51 percent of the citY'1 total projected population in tbo.e
years.

Sabab's ifowth to tbe year ZOOO is expected to occur in a rinl uound the central
part of the city. The central area (sub-area 1) il projected to inc.eae by only
about 500 people in tbe ZO year study period, wbile the peripheral sub-lI'ea (Z
thl'ough 7) are expected to increue by 9.9 percent per year between 1979 aDd
1990, aDd 6.4 percent 'per year between 1991 and ZOOO.
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TAiU 3-16

WADI IS SIll POPULATION PIOJlCTlOH

Sub-.~.. 1979· 199Gb 2000c
S.cu~.doD

I.d_c. - - 'oal.doDd

I 1.714 3.500 6.500 21.000
2 1.960 2.700 3._ 9••
3 2.940 3.900 5.500 13._
4 3.430 4.100 5._ 11.000
5 3.920 5.600 '.400 21.ZOO
6 2.449 5.000 9.100 2'.400
7 3.114 3.600 4._ 7.too
a 735 1.000 1,.500 3.ZOO
9 245 700 1.400 5.ZOO

10 245 1.200 2.1(1() 10._
U 245 1.000 2.100 7.100
12 490 1._ 2.700 ".700
13 1.960 2.500 3.400 '.000
·14 910 2,400 4,700_ 15,,100

'l'ocal 24.4'7 3'.500 61.500 171.-

• l.ei_Cr. b, -CclWla 1........ ,1.. co 197 tal ..COP '

It ~.ca d:l..cri1tucin of ,nJ_c" C:I." coc.l It 011 _ of
....ci_ po...l.ci~.

c W. back co '''oc_d.l lac••cin 'opal.ci_" .......cioll fo~ •••ca:l.l"
cIuc~i,ciOllof ...tIIodolol1. •

IoU~C'1 Dapuc.aC of Staei.cic•• 1'79 C....... eouultaac ..If.iI.
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WLI 3-17

HADABA POPULATION PROJECTIONS·

Sub-al''' 1'7' 1"0 2000 Saeu~.:~doll

I.eiue. la.Cal laSll Populatioll

1 5.'87 7.000 8.300 13._
2 7.127 '.400 12.600 , 26.700
3 8.268 8.900 '.700 13._
4 1.711 3.200 5.200 13.200
5 2.851 5.400 '.000 24._
6 2.280 4.200 6.'00 18._
7 285 2,600 5,800 1',100

Total 28.509 40.700 57•!loa 12'.600

a .~al' eo Tabl. 3-16 fol' fooeDDe•••

So_c.: D.pal'tMlaC of scac:1lCic:. 1'" C...... Couulemc "1,.iI.
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TABLE 3-18

SUWlLEH POPULATION PROJECTIONa

Sub-aZ'M 1919 1990 2000 SatuZ'at:1oD
I.twe. Toeal Tocal Populat:1oD- -

1 1,012 2,200 3,100 8,200
2 1,012 1,600 2,300 4,500
3 2,144 2,800 3,700 6,400
4 5,362 5,900 6,700 9,000
.5 643 1,100 1,800 3,200
6 2,788 3,400 4,300 7,000
7 3,431 4,400 5,too 10,000

8 2,787 3,aoo 5,200 8,800

9 214 1,900 4,200 10,100
10 214 600 1,100 2,400

11 1.715 2.900 4.600 9.400

Tocal 21,442 30,600 43,500 79,000

a RefeZ' to Table 3-16 fol." foot.c•••

SouZ'ce: Dep&l:~De of Stati.tic., 1979 Ceaaua, Coaau1taat Aaal1.il.
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

TABU 3-19

SAW POPUU1'ION PROJECTIONS·

9ub-.l'u 1979 1990 ' 2000 S.cvacioD
lIe_c. Tocal Total PoralaclOD- -

1 6,192 6,200 6,300 6,700
2 834 1,100 1,500 3,000
3 953 1,500 2,300 5,.500
4 119 1,600 3,500 11,100
5 119, 1,.500 3,300 11,200
6 1,548 2,100 2,900 6,200
7 2,143 3,000 4,200 9,300

Toul 11,908 17,000 24,000 53,700

a W.I' cO '1'abl. 3-16 fo~ fooe_t.l.

Souce: D.,al'c.ae of 9taeilcicI, 1979 C....ua, Couulta11c ..l,.iI.
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PRE~ENT AND FUTURE SOCIO-ECONOMIC CO~JDITIONS

TAIU 3-20

NA 'n PO'UUTlOM 'IDJICTIONSa

Sub-al''' 1'79 1'90 2000 aacvadoD
lad_ca '1'0cal '1'0tal 'oralaci.!!-

1 til 1,400 1,100 4,700
2 2,4" 2,600 ' 2,800 3,600
3 364 1,000 1,_ 5,800
4 832 1,100 1,600 3,600
5 520 1.000 1.700 5.000-

'1'0tal 5,19' 7,100 ',800 22,700
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDmONS

Na'ur also fits the major pattern of cities analyzed in detail in terms of projectad
powth, as its central area ,(sub-area Z) was projected to increase by, only 300, or
0.6 percent per year to ZOOO. The remaining sub-areas (1, 3, 4, and 5) were
projected to grow at the rate of 13.8 percent per year, and increase by Z,500 over
the ZI year study period.

SOCIAL CONTEXT

The social aspects of this project will be analyzed to provide input for the
usessment of project benefits and the projection of sewalle flows. The potential
benefits related to sewage system improvements are related to improvements to
public health conditions and water quality, as well u a potential reduction in the
cost of sanitation for some Study Area residents. Low-income groups will be
given special consideration in terms of the potential for achievinlllll'eater equity
in the levels of service provided and in spreadinll the costs of sanitation. In
addition, the distribution of income throughout the Study Area will be considered
to provide input to the ability to pay analysis. The social aspects which relate to
the projection of sewage flows are those which affect the level of water use.

HOUSEHOLD INCOM.

mformation on income characteristics of individuals or households within the
Study Area is extremely limited. Data related to household income are available
from two sources: Studies on national and regional distributions of household
income by percentile of income IIroups. The second source included data from
spot surveys of small non-stratified samples in specific locations within the
Municipality of Amm an.

The fint source of data is derived from studies completed by the Royal Scientific
Society (RSS) in 1979,31 and from the Jordan Urban Project Report in 1979.3Z The
studies were based on the 1974 Income Distribution Survey conducted by the
Department of Statistics. That survey yielded resultt on the size and sourcet of
1973 income of more than 15,000 households in urban and rural areas throupout
the East Bank. The Amman Governorate was represented by 9;Z94 households, of
which 8,339 were urban dwellen: The Balqa Governorate contributed 668 urban
households. The urban dwellers represented the cities of Amman, Zuqa, Madaba
and Salt in the Amman and Balqa Governoratel.

The average compreheDlive income (from all sources including tranafen) of the
individual earner in the urban sample in the RSS Study wa JD 60Z per year in
1973. The average annual income per earner in the Amman Governorate for the
salDe year was JD 603. The following table presents preliminary estimates 1978
family urban income distribution from the Jordan Urban Project analysit, which
represent escalation of the RSS 1973 income figures:
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PRESENT AND FUTURE SOCIO-ECONOMIC CONDITION~

E.timated 1978
Percentile Monthly Income (JD)

10th 50 or Ie••

ZOth 70 or Ie••

30th 81 or Ie••

40th 9Z or Ie••

50th 10Z 01' Ie••

60th 116 01' Ie••

70th 138 or Ie••

As shown in the above table, 50 percent of the population would have had monthly
income. of JD 10Z and below, while the poore.t 10 percent of the population
would have had income. of JD 50 aDd below.

The Jordan Urban Project study allO estimated 1978 monthly houaehold income by
percentile for the Amman and Zarqa slum.. The foUowinl table pre.ent. th.e
figures:

Percentile
E.timated 1978
Monthly Income (JD)

ZO

40

60

80

Amman Slum.

44

56

74

11Z

Zuga Slum.

4Z

6Z

78

116

Another lOurce of eltimated houaehold income for nOD-specific S80lraphic uea.
il the sample waae lurvey conducted by the Mini.ta-y of Labour in 1976.8 ThI.
lurvey, when combined with data from the Employment Survey for E.tablilluDentl
Ensallilll More ThaD Five PerlODI conducted by the Department of Stati.tic. in
19761) provide. an indication of the di.tribution of wale. in the varioua .ector. of
the economy fOl' employee. world. within the MunictpaUty of AmmUl. Table 3
Z1 prelents eltlmated averale lalarie. of per.onl employed in Amman in 1976.
These fil'D"el indicate that the averllle annual laluy for wAle euner. wa JD
816. Thil fipe represents approximately 83 percent of the total workforce of
the City (al that percenta. of the workforce i••timated to receive lalulel).33
The higher average salarie. were In the mbUnl, electrldty ad utilitie., ad
financial services lectors, ranpllI from Ul averaae of JD I,ZlO to 1,305, while the
lower salariel were concentrated in the public admbli.tration and traDlportation
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TABLE )-21

AVIUGI SALAaY BY CADCORY or EMPL01MINT

MUllCUALln or AMIWI. 1976

.-'1' "l'e'Dt AV'l'a.. Au~l I ..ladedel'ED! of !rlo_ac !Tloyedb of Total Salan (JD.) ia .ectOI'

1Uaia. 3.486 4.2 1.305 95.6

lfaaldactUl'ilia 10.099 12.1 846 67.9

11ecCl'icie, 1.071 1.2 1.210 93.9

Coucncti_ 4.373 5.2 910 10.'
'e-I'c, 4.616 5.' 111 32.4

'l'raapacc 4.035 4.8 700 75.'

'iaaaci.l santc.. 3.391 4.1 1.299 15.0

C 'ity "nte...
"blic tt=fni.eraeioas 52.648 62.9 740 91.2

'l'OW.I 83.719· 100.0 116 13.4·

-x.cludf.... -UCU7 pec l

b.n..•• pel'e_c 1'. 81" takeD fl'. clle r..,la,..C Sun., foc
I.UbU....c. lIIIaIiDI KDc. c.... ('5) '.c.... Dlpal'c.aC of Scaebtic••
lec.....c. 1976.

cAnc.......1 ..1m•••• eI.ci... Ic. a 1. 111ft., e_.c.. " c...·
1Ifai.a, of LaIIft foe e'" Ii",_ of Jonu vllal.. All flpc•• we.
upp'.... la, Z5li I'eflecei... elle wadel c_e" 1I1fl.ct_ face. f.
1976 co 1977.

SOUR' I Dlpuc.aC of Scacbtic.~ lliabcl'J of La_
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sectors, ranging from JD 700 to 740. Manfacturing, construction and commerce
had average saluies ranging from JD 818 to JD 980. The average wage of JD 816
per year represents JD 68 per month per worker, or JD 86.4 per month per
household (assuming 1.Z7 workers per household).

The general data described previously were supplemented by spot sUl'veys with
extremely small sample sizes. These surveys were aimed at the identification of
low-income ueas within the large cities, and therefore represent households
mainly from those areas pre3umed to have a larger proportion of low-income
households than other ueas within the Municipalities of Amman and Zuqa. Due
to the small, non-scientifically chosen samples used in these surveys, they were
not intended to provide estimates of household incomes in any geographic area or
for any strata of the population, but were only intended to provide an indication
of existing conditions for such population groups.

The following sUI'veys provide indicative information as described above:

(1) Attitudinal Survey, April, 1979 - in conjunction with the Jordan Urban Projec.t
covering squatter settlementsa in Jabal Jofeh, Wahdat, Wadi Abdoun, Wadi
Haddadeh in Amman, and Jena'a in Zuqa;3Z (Z) Socio-Economic Survey of Zuqa
and Ruseifa-May, 1980 - in conjunction with Dr. Sari Nasir of University of
Jordan;Z7 (3) Amman Urban Region Planning Group (AURPG) SUI'vey of Al Nuzha
(Amman) Appst, 1978,34 (4) USAID Survey of Amman - selected low, middle and
upper income ueas, by Jabir S. Dajani, Much 1978;35 and (5) UNDP survey of
slum and squatter settlements on Jabal Jofeh (Amman), July, 1977.36

The findings of the sUI'veys listed above were as follows:

(1) Jordan Urban Project, April, 1979 (ZOO households)

• Aproximately three quuters of the households had monthly incomes
below JD 100 in the sampled squatter areas of Amman and Zuqa.

• In the Amman squatter areas more than one-half of the households fell
in the JD 40 and JD 80 income group, 45 percent in Jena'a (Zarqa).

• Approximately 16 percent of the households sampled in Jena'a had
incomes below JD 40 pel' month.

• Wahdat had the lowest mean income, with more than 91 percent of
sampled households reporting incomes below JD 80, and 73 percent
below JD 60.

• Wadi Haddadah reported the highest incomes with 35 percent of
households above JD 100, and only 53 percent below JD 80.

a Refers to settlements of occupants who reside on someone else's property
without permission of the owner.
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(Z) Zarqa - Ruselfa SUl'vey, May, 1980 (Z6 households)

• The households designated as being in the low-income gl'oup had a
mean monthly income of JD 100 in Zarqa and 83 in Ruseifa.

• The middle income families sampled had a mean monthly income of JD
Z9Z in Zarqa and ZSO in Ruseifa.

• The upper income familiel sampled had a mean monthly incomt' of
ovel' JD 4J.7 in Zuqa and ovel' 315 in Ruseifa.

(3) AURPG - Al Nuzha SUI'vey, AUfjUlt, 1978 (30 households)

• The mean monthly income fol' all households wu JD 93.

• The avel'age salary pel' wqe e8l'nel' wu JD 815 pel' yeu, 01' JD 68 pel'
month.

(4) USAID - Dajani SUI'vey of Amman Neipbol'hoodl, Much, 1918 (61
householda)

• The mean monthly income of Z9 houleholds in low-income ueu wu
JD 141.

(Note: 42 pUl'cent of the total income of the 29 hou.eholda wu
contributed by 4 households with a total of 18 salaried worken).

• Dill'eiarding the 4 hOUieholds with mOl'e thaD Z worken, monthly
mean income would be JD 95 for low-income hou.eholda.

• The mean monthly income for 13 households .urvuyed in Jabal Amman
was JD 376.

• The mean monthly income of 10 households In Jabal HUiseln wa JD
310, for 6 households in Jabal Weibdeh - JD Z60, and for 3 household•

. in Shei.ani - JD 287.

(5) UNDP - Jabal Jofeh SUI'vey, July, 1917 (140 :bou.eholda)

• Aproximately one-fifth (19 percent) of th~ households had monthly
income. below JD 40.

• Approximately 78 percent of the households had monthly incomes
below JD 90.

The I'esults of the sUl'veys outlined above can be compued if JD values are
escalated to a common denominator such as 1980 values. This can be done by
assuming that the gl'owth in household income paralleled powth in GI'OSS
Domestic Product and OI'OSS National Product. Both economic indicators should
be taken into account to ensure the inclusion of income earned by Jordanians
abl'oad, and to provide a factol' for exclusion of income earned by non-Jol'danians.
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For this l'eason an average of the annual change in both indicator. was used to
inflate pl'e-1980 values. Between 1977 and 1978, and 1979, Jordan's GNP increased
by 14.5 percent and 19.5 percent, respectively. During both periods, GDP
increasfJd by ZO.8 percent. Between i971 and 1978 the ratio of the annual percent
increase in Jordanian per capita income to the annual increase in both GNP and
GDP remained constant at approximately 7 to 10 percent. Therefore acceleration
factors used were 70 percent of the average of the annual percent increases in
GNP and GDP from 1977 to 1979.

Acceleration factors used wera 1Z.4 percent for 1977 to 1978, and 14.1 percent
for 1978 to 1979. As no GNP and GOP estimates exist for the first half of 1980, a
14.0 percent acceleration factor was assumed. Table 3-ZZ compares data for the
RSS national survey and the spot surveys of various low, middle and upper income
areas, escalated to JD 1980. As can be seen from this table two major catesories
of measurement can be used to compue low-income areas in the five studies:
mean household income, and the level of income below which 7S percent of the
households surveyed for all. It is evident that, in most cases, the uea identified
as "low income areas" have mean household incomes which are significantly le.~

than the surveyed middle and upper income areas.

The middle and upper income areas surveyed averaged JD 371 per month. There
is a great di.crepancy in the level at which 75 percent of hOUieholds ue below.
The "low-income" areas range from JD 68 to 137 in that catelol'y, while Jabal
Amman has a figure of JD 705. Accordinl to AURPG, in 1978 the averale
hoUiehold income of low-income households wa JD 78, as the low income group
ranged from JD 60 to JD 96. When inflated to 1980 JD this average would be JD
100.

Jarir Dajani, in his 1978 study for USAm, dl'ew the poverty line at JO 83 per
month fol' an average famUy of 6.7 members. When innated to 1980 JD, the
poverty line would be JD 106. The mean household incomes for low-income area
resulting from the small spat surveys were similar in mapitude to the Jordan
Urban Project extrapolations of 1974 Income Survey data. If those estimates for
1978 are inflated to 1980 for comparison, the mean household income in the
Amman slums would be JD 83 per month.

The AURPG estimated the poverty line in Jordan in 1919 to be between JD 600
and JD 1,000, 01' the 40th percentUe of hOUieholds (e.g., the 40 pel'cent of the
population with the lowest household income). That assessment agrees with the
analysis of Dajani, and the Jordan Urban Project, which set the upper limit of
low-income groups at the 40th percentile. .

It is clee that the low-income households throughout the Greater Amman Area,
including outlying cities have monthly incomes in the general range of JO 100
based on 1980 figures.

mENTD'ICAnON OF LOW-INCOME AREAS

The lack of good geographically distributed personal or household income data has
necessitated the use of indicative characteristics of the population or their
environment to infer the general income level of particular neighborhoods. Low-
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PRKSENT AND FUTURE SOCIO-ECONOMIC CONDITIONS

Low-income areu within mo.t of the other large municlpaUtla. In tho Study Aro.
cannot be Identified, a. the lower-income hou.ehold. are IJcattored ilmOft; tho
middle and higher Income hou.ehold. In thole cltie.. Thi••ame phonom.non
occur. with re.pect to the dli'uh\!~utioD of variou. level. of education within all
citiel. Interview with official. of Salt, Safut, Fuh,i., Sukhn,h, Huhimiya, Na'ur,
Ain a1 la.ha and Mahl. lupported that finding. The., conditiol1l allO exi.t In
many partl of the Municipality of Amman. Wide yariation. in income and
lIfeltyle can exi.t lide by .ide generally due to the following reuon••

• Clan. or tribe. of people who Ihare the .ame bacqround. often re.ide
next to each other.

• Skilled and unlkilled worker. who obtain high income••end money home
to their :eamilie. in Jordan, who remain at their previou....idence••

• The increa.ing demand for land near Amman and it••uburb. relulted in
high land CO.tl, which in turn, hal re.ulted in high rent•• Thi., in turn, ha.
led to fixed rent of occupied unit. leading to a reluctance to chan.,
re.idAnces, and overcrowding of ext.ting unit••

• Extreme Yarlatioftl in rent. hal re.utted in condition. in which a 3
bedroom unit in a de.irable area i. rentinl for a .mall amount more than a
one-room unit with one faucet in an older run-down uea.35

Therefore, land price, value and condition of hoUlinl cannot be Uled to accurately
identify hou.ehold income.. A. indicated above, the level of education cumot be
used either, &I no recent data exi.t. for individual hOUieholdl, and u II the cue
with income., people with differinl education level. live adjacent to each other.

The use of family lize u an indication of different leyel. of income would be
somewhat Ulefut if neilhborhood. were relatively bolDuleneou., (i.e., with a
predominance of one level of hOUiehold lize over all othen). 'Howe.er, a.
indicated by the data from the 1979 celllUi and pre.ented in Table 3-7, hOUiebold
size doe. not vary enoulh from city to city, to forlD any concluloftl about
differences in income or education levell. All of the citi.. of the Study Area _Uh
more than 3,000 population rlDled frOID 5.8 to 8.6 periODl per hOUiehold, with all
but one city being over 6.0. MOlt citi.. were betweeD 6.8 ad 7.5.

Comparable data for the nine sectorl ~f the Municipality of AIDman indicate lOme
differences among the lectora. The Zahran and Abdali Secto.., which include
Jabal Amman, Shmeilani, Abdoun, Sport City and other area which milht be
expected to be lababited by a preponderance of houeholdl with relati.ely hip
incomes, had hou.ehold lizes of 5.3 and 5.1 persoftl per houehold, re.pectively.
Household size for all other lectora ranged from 6.4 to 7.0 with a mean of 6.79.
M(:an household size for Zahran and Abdali \irQ 5.59. Average hOUiehold lize for
Zahran and Abdali wa 18 percent lower; and the.e area. werf! determined in
other studiesZ6,31 (using other criteria) to contain an inllilnificant amount of low
income households. Therefore, it may be concluded that hoUiehold .ize can be
used, in some cues, u an indication of relatiYe income difference••
Unfort\Dlately, household size breakdowDl for the unit. of the Municipality of
Amman are not available. The seeton are too large, and too dive..e to be Uled
for identification of the income level of individual neighborhoods. BreakdowDI
are also unavailable for segmentl of the other cities within the Study Area.
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Upon completion of the tabulation of census data scheduled for mid-1981, the
information required for such an aualysis may become available.

Population density is another factor that is generally related to houaehold
incomes. Data necessary for the determination of population denaities of
segments of the larger urban communities is not available, except for the
Municipality of Amman. Table 3-9 shows population densities per dunum of all
land use types for each unit within the Municipality of Amman. Ideally,
population per dunum of residential, or even bullt-up land should be uaed, u total
land includes undeveloped land, which varies greatly amonll the units in the city.
However, because built-up land totals for 1919 are not available for the units of
Amman, the densities baaed on total area must be used. A review of 1919 density
fisures for the city's units shows that there is some correlation ..~tween low
income households and density, despite the limitations of this method of analysis.
The highest densities were in the followinll units: Jabal Nuzha, Al Nadif,
Ashrafiyeh, Jabal Taj, and Al Awdah. All of these units had densities of over 2,0
persons per dunum. Each of the above-mentioned waa eltimated to have at leut
2,0 percent of its houaholds in the low-income IIrouP. All of the areaa eltimated to
contain at leut 2,0 percent low-income households were in unitl of over 2,0
persons per dunum. except Nazal and the Ain Ghazal 01' Marka unitl (31 tJutOUlh
35). These exceptions aret easily explained. Nazal's density wa 11.5, which wa
the next hillhest density amonl units. Itl denalty waa diluted by a larlle portion of
open space within itl boundaries. The Ain Ghazal unita contain larae area of
industrial land which tend to distort any pOllible identification with the popula
tion density on residential land. Alternatively, none of the areaa with small
percentalles of low-income households had daulities of more than 15.1; and oDly
two of the eight higher income areas had densitiel over 1.2,. The above family
size and population density analyses incUcate that low-income famiUel are more
likely to be found in crowded ueaa, (i.e., areaa with hiper population densitiel
and more people per houlehold). Despite the fact that no studies of income levels
in the other cities of the Study Area were undertaken, and population density and
household size figures do not exist for sub-area or neighborhoods of these citiel,
some identifiable areas of relatively low-income households exiat. Dilcussionl
with officials of some of the outlying municipalities revealed the followiDIl
information: The old portion of SuweUeh (both ealt and west of the Jarash Road
north of the Salt Road), the old city of Wadi el Sir, and the central city of Madaba
have concentrations of relatively low-income households. In the case of Madaba,
the relative difference between incomel of the outer city and central city are not
of the same magnitude aa thole in Amman. However, the difference in incomel
between the low-income and middle and upper income groups in the cities outside
the suburban i.-inges of AnuJlan generally are not great enoup to warrant further
consideration.

The use of estimates of income of low-income households as a gauge to determine
abaility to pay for sewage system connection fees and annual fees for system
maintenance may not be necessary. This conclusion cannot be made until further
evidence is acquired. However, preliminary data seems to indicate that low
income households may be able to pay the COlts of connection to sewer SYltems,
and that they are willing to do so. In a recent test to determine the effectiveness
of Article 2,3 of AWSA Law No. 48 for 1911, two sectors of recent AWSA sewer
system connections were screened for number of connections and promptneu of
complying with the ordinance.38 The ordinance states that the owners of
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TAiU 3-23

ISTDCl'llD LOW tHCO" 'OPULA'rIO•• IN AIIWI, 1976
(P.~c.at.I' b, Unit o~ M.iabbo~bood)

Uait N....~C.) UaitC.) o~ N.hhbo~bood• P.~c~at'I' ot Lov-Iac~ Popul.tioa
Viti StU! UID Studt

11 Jab.l Qat.'. 15 20
, 12-19 C.at~al Clc, 17 -
21.24.25 Jab.l Ifuab. 25 25

21 Wadi llaclaclab 58

22 A.1 Iu••ou~ 28 -
23.26 A.1 IIaIbm 20 -
31 Mab.cta 20 20

31-35 lCa~ka (Aia •••1) 20 20

41 Jab.l 'raj 15 20

42-44 Jab.l.u~ 27 30

51 Jabal Jof...• 30 20

51-53 ~b~atl,a-Wahcl.t 30 30

61 Madl! 25 .25
62 SbaU.ba 40 25

63,64 Zoboul" 25 -
71,74 .....1 25 25

81.83.85.86 Jab.l ... 2 2

82 Abdoa 0 0

91 Jabal Welltdeb 0 0

92 Jab.l IUI••ia S -
93

_it_
O 0

94 -J- (Spo~t Cic,) 0 -
" ......i (DMl.) 0 0

96 SpCII't Cic, (Qat._) 0 -

-Z.tt.at ~. -.d. to~ po~tioaa of HUalclpalic, ~al.t~ativ.uait. - th•••
e. d••i tld u ui....omooa. l.t_C•• fo~ Cit, .ub.~ lacluded 0•• o~

_~. ait. u U.t.d. M.l"'borbood. u. lheed uacI.~ ~ of the Ualc til.,
.~. loc.t.d viclai••

S01JICI: I.c.natloaal .... fo~ lacoucnctloa aacI Dev.lo,..at (DID)"~ w.t.~

ad S...~... Pnj.ct 111". Ka~c:Ia. 1978.
"8-'AIII ad ".od.t... "r.uibi-lie, Stud, fo~ til..... W.t. ad
S"~.I' P~oj.ct", lIoY....I'. 1977.
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income areal within the Municipality of Amman have been identified in previc.;'1s
studies through the use of various criteria. Among them are: cost of land, type,
c:ondition and/or value of housing, population density, and possession of luxury
goods. These criteria were used to analyze data from census and other national
surveys, and supported in particular cases by physical reconnaissance and
inspection.

Four recent major studies attempted to classify neighborhoods (mainly in Amman
Municipality and Zarqa) into income groupings, or to identify the portion of urban
poor in each neighborhood. The first of these studies was conducted in conjunction
with the 1977 feasibility study for the Amman Water and Sewerage Project.Z6
This study estimated the number of urban poor in various neighborhoods of the
Municipality of Amman in 1976, and for projected population in 1980. The 1980
projections did not vary more than two percent in their ratios of urban poor to
total population. The second stud·y was conducted by the International bank for
Reconstruction and Development in conjunction with their study of"Amman Water
and Sewerage Project, m" in 1978.37 This analysis also eatimated the urban poor
in Amman neighborhoods. These estimates did not contl'adict any of the findinl'
of the fil'st study. The third study was conducted in conjunction with the solid
waste management feasibility study for the Greatel' Amman Region.Z5 That
analysis identified areas within the Municipality of Amman u to pel'centagea of
hip, medium and low-income poups based on (a) 1971 census data on houl1nl
type and conditions, (b) information from Municipality Diatrict Dil'ectors on the
type of housing predominant in their diatrict, and (c) on data bam the 1976 Multi
purpose Household Suney I'elated to the poueasion of lux\II'Y gooda. The foul'th
study was a socio-economic study conducted in conjunction with the Zarqa-Ruseifa
watel' and sewerage system feasibUity study in 1980.Z7 Thia analys. combined a
Delphi Panel with physical inspection of housing to determine low-income areu in
Zarqa and Ruseifa.

Table 3-Z3 pl'esents the finding! of the two studie. concel'ning Amman
Municipality, by showing the percent of Ul'ban poor estimated fol' each
neighborhood. As indicatea in the table, the areas within Amman Municipality
with the highest proportion of low-income householda 81'e Wadi Haddadah, Jabal
Jofeh, Shalieh, Al Ashrafiyah, Wahdat, Al KuaIOUI', Jabal Nuzha, Jabal NUl', Al
ZohoUl', Nadif and Nazzal. All of the above areu are estimated to have at leut
Z5 pel'cent of their households in the low-income poup. In addition, the areas of
Al Hashemi, Mahatta, Marqa, Jabal Qala'a, Centl'al City and Jabal Taj ue
estim ated to contain low-income households I'anginl from 15 to ZO percent of their
total populations. The solid waste study indicated that all of theae areu wel'e
composed entirely of low-income families.

The findings of the Zarqa - Ruseifa socio-economic study detel'mined that low
income households were concentl'ated in the following areaa: (1) Schneller (M8I'ka)
Refugee camp - (Z) Jabal Al Shamali in nonheast Ruseifa nonh of the Huuein
Industrial City, as well as the 81'ea south of the Zarqa River to the south of the
Zuqa River to the south of the Industrial City - (3) Awjan al Janubi, and central
Awjan al Gharbi, both west of the River; (4) Hat ez Zawahl'eh west of the River in
southwestern Zarqa; and (5) most of northeastern Zuqa.
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properties shall pay fees to AWSA and complete their sewer connections accord
ing to AWSA standuds within three months from tho date of publication of the
areas to be connected. If the owner fails to connect he will be charged eost plus
ZO percent, and any legal fine pertaining to such action. In addition 9 percent
interest will be charged for the period beyond the due date.

The two areas from which connection data were collected are Shmeisani and Jabal
Nuzha. These areas were chosen because of their extreme differences in income
status of their average households; the former being one of the highest-income
areas in the City, and the latter baing one of the lowest. Shmeisani was scheduled
for 70 connections. At the end of the three month period plus one month of
extension, 55 connections, or 78.6 percent were made. During the same period
Z58 of Z80 scheduled connections were made in Jabal Nuzha, for 9Z percent
compliance. Although the sample sizes in this case were not larg", cumpared to
the total AWSA service population, and samples from additional areas should be
taken to confirm this trend, this comparison indicates that low-income households
in Amman (and possibly throughout the project area) may be able to raise the
money to pay for connection to the sewer system. Th~ reasons for desiring
connection are likely to be the fear of the law, avoidance of inevitable penalties,
and lower allnual costs for service than current frequent pumpout costs in certain
areas.

Additional checks of data for connections in low and high-income areas have been
requested, and that information may be added to this analysis at a later date.
Regardless of the ability to pay analysis requirement for income data, identifica
tion of low-income areas in Amm an and the other portions of the Study Area is
necessuy for the evaluation of the potential benefits of proposed sewage system
improvements.

SOCIAL ASPECTS OF WATER USE

The social aspects of water use is a' measure of availability of water-related
services, hygiene practice, and public health awareness among the different
income levels within the Study Area. It provides an input for assessing the extent
of potential benefits once the sewerage improvements ue implemented, and the
variations in water consumption and related wastewater generated.

Current water use of low-income ueas has been estimated for some of the slum
ueas of Amman, as well as for low-income households in general. The AURPG Al
Nuzha survey in 1978, found that the mean water consumption of the 30 household
sample was Z4.5 liters per capita pel' day (lpcd).34 The AURPG suggested
standard for "absolute minimum" requirements was 60 lpcd.

Jabir Dajani's 1978 study determined that the average consumption for the AWSA
system was 40 to 50 Ipcd, for water delivered by tanker and supplied through the
municipal pipe system. A survey of 64 households, taken in cOIl.iunction with that
study produced the following results: Average consumption for low to lower
middle income groups was estimated to be 30 to 70 lpcd; and the ruge for the
"poorest of the poor" (from Z to 4 percent of the population) was estimated to be
15 to 30 Ipcd; while middle income households were estimated to average 70 to
1101pcd, with upper income groups averaging 110 to 300 Ipcd.35 Although the
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survey sample was small and not chosen scientifically, its results reflected such
universally accepted differencp.s between low and high-income eeas that they can
be considered indicative.

The "Water Use Strategy for North Jordan," Stu~y 39 estimated 1915 per capita
domestic consumption for Amman to be 80 Ipcd, 65 Ipcd for other communities
with more than 15,000 people, 55 Ipcd for communities with between 9,000 and
15,000 people, and 45 Ipcd for communities below 3,000 people. Households wi'th
no pipeline connections were estimated to consume as low as 15 Ipcd, while a
housing project for upper-income professionals was metered, and found to
consume 115 Ipcd.•

TheBe findings suggest that the per capita water use of low-income houaeholds
may range bom 15 to about 50 Ipcd. The lower estimates for the len urbanized
smaller communities indicates that the type of service, types of plumbing and
hygienic practices may all be highly significant factorl. These figurel reflect, in
many cases, limited supplies and intermittent delivel!'ies, as well u the use of
plumbing facilities and types of water-using app1.iancel that may chuge with
connections to a sewer system. Recent water c(lnlumption data for the AWSA
system for the first two quuters of 1980 seems to confirm the income-related
findings of the studies listed above;40 the data show that lower-income households
use substantially lower volumes of water per capita. A compuilOn of the total
system per capita consumption of the lower and upper-income areal of Amman,
identified eulier in this analylis, showed significant differencel. The upper
income eeas of Shmeisani-West Jabal Weibdeh (AWSA Meter District No. 13),
West Shmeisani (IZ) and West Jabal Amman (16) had per capita total syltem rates
of 149, 10Z and 86 Ipcd, respectively. Conversely, the low-income eeas of Naclif
(District ZZ), Akhdar-Nazzal (Zl), Jabal Jofeh (Z1, Z8), Jabal Nuzha-Wadi
Haddadah-Jabal Qala'a (5 through 8), and Al Awdah-Ashrafiyeh-Wahdat (Z4
through Z6) each averaged below Z5 Ipcd, and were the only ueu to do 10. Thele
system averages include also com mercial and industrial usel which distort the
effect of the residential component. In addition, water tanker deliveries which
account for a small portion of total system use, ee not accounted for in these
totals. Yet, despite these two limitations of the data, the differences are great
enough to serve u an indication that low-income houaeholds consume significantly
lower volumes of water per capita than do upper-income households.

Potential future increases in these rates of consumption would be subject to the
following factors:

• Increases in the connections to municipal water distribution systems and
provision of a continuous now in those systems.

• Increased household income!.

• Increased aweeness of the necessity of water use for personal hygiene.

• Introduction of indoor plumbing and water using facilities and appliances.

The first factor applies to the general population, while the last three factors
apply mainly to low-income households.
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Within the Muncipality of Amman, all areas are pluned for eventual connection
to the AWSA collection system. This is expected to occur early in the study
period. The Water Supply Corporation hal indicated that service to small towns
and villages in the Study Area is planned. Thele increases in supply can be
expected to result in increased consumption, independent of the effects of any of
the other factor.. Connections to the water sy.tem. would likely increue
consumption. Similarly the effect of installation of sewer. could re.ult in indirect
increases in water use, by encouraging the use of indoor plumbing, flUlh toilets
and watel'-using appliances. At prelent, many of the outlying villagel and
portir J of the larger outlying municipalitiel have outdoor sanitation facilitiel
and no indoor plumbing.

Increased real ~~ome levels would also result in more demand for water, as it is
currently estimated by AURPG and others, that many people in the Greater
Amman Area consume below subsistence levels of water. Carrying of water
before use and lack of hot water are two reasons for lower water use &monglow
income groups. The cost of electricity is a deterrent to the use of hot water
heaters. Residents in these area have cesspools whicb often require pumping out,
which can cost from JD 6 to JD 15 per pumpout. Thele figures reflect cbuge. of
from JD ~ to JD 3 for each truck, and 3 to 5 trucD per pumpout. Housel with
very low incomes will often conlume leiS water to cut down the frequency of
pumpouts and reduce costs.

An increase in awareness of the public (especially low-income and rural popula
tions) of the role of water in personal hygiene would allO help to increue
consumption. However, surveys in Zarqa and RUieifa and other are.1 with low
average incomel indicate that monetary constraints were more lipificant than
cultural differences 01' lack of awarenesl of hygiene and health benefits of
increased cleanUneu.

A last major point is the relationship of projects propOied for this study to the
improvement of public health due to increased wate,. use and installation of
sewers and/or increased, or more efficient sewage treatment. 1"he AWSA water
system and sewage system il already planned to covel' tbe entire area of the
Municipality of Amman. Therefore, only changes in sewage treatment for the
Municipality's residentl would be related to thil study. The problem of ceupool
seepage into aroundwater and intrusion of pollu~ed poundwater into the water
pifle systems during times of intermittent service and/or low prelllure and volulDe
is confined to some of the outer portions of tbe Study Area. Municipalities and
villages whir..h are hiUy and have hard .oil, and water source. of wells whicb are
drained from the cesspool areas experiencing frequent overflows, could have their
potential for public bealth p.oblems reduced through installment of a sewer
system. That system could reduce pollution of poundwater which might result in
leu likelihood of occasional epidemics of enteric diseases, thus allowiDg the full
benefits to public health of implementation of sewage system improvements.36
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CHAPTBR4

PUBLIC HEALTH CONSIDBRA110NS

A. THE PROBLEM AND RBLA110NSIIIP '1'0 MAS1'BR PLAN

There 81'e a number of conditioll8 that are related, directly or indirectly, to the
health and well-being of the population in a given 81'ea. They 81'e recopized to be
of sufficient importance to de.erve special attention in planDing proiram. and
project. intended to introduce improvements in public health through changes in
the existing environmental conditions. The major one. include those mentioned
hereunder without due regard to the order of importance and priority.

1. Programs directed at the uses.ment and gradu~ improvement of the
environmental and sanitary condition. that have an impact on public
health, with particular reference to water, food, atmo.phere, and wute••

Z. Demographic and socio-economic conditioDl, especially trends in popula
tion growth and urbanization, u well u poverty-stricken area and slums
characterized by crowdednes., poor haUling condition., limited education,
and ill-health.

3. Current and future: development plaDI, particularly tho.e relating to
indu.trialization as they have a direct impact on the health of worken,
and on the surrounding environment.

4. Public health and medical care propams, and their lupportinl health
facilities.

s. Interest, initiative ud capabilities of the 10verDmental aaencie.
concerned with public health in planning and implementation of pl'ograms,
with particular refel'ence to avaUability and allocation of funds, and to
mupower development.

6. Public awarenes., recognition of needs, attitude. towards chanle. in
environmental aDd ecolopcal conditioDl, u well u the current ud future
health education propam. aimed at improvement in the knowledge and
appl'eciation of the.e matters.

Once these conditiOll8 and trends have been defined and evaluated, then it would
be po.lible to aueu the level of health of the communities in question, and to
pl'edict in an acceptable manner the state of affain bl'ouiht about throup the
implementation of an environmental enatneering program such as the one being
planned for Greatel' Amman.

With these cOll8idel'ations in view, an attempt is made to pl'esent and discuss in
this Chaptel' an account of the health statUi pertaining to the Greater Amman
81'ea iu relation to the impact of impl'ovement in the wutewatel' disp.Jsal 'SYstems.
Deficiency in the available infol'lDation, statistical data, and epidemiological
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studies is a readily recognizable limiting factor in providing what can be described
as an absolutely valid and factual description of the current situation and
practices, let alone prediction of futur, conditions and impacts. Nevertheless,
some reliance on information relevant to experiences, prActices, and policies
elsewhere would be uaeful under the circumstances. Sound judgement bued on
scientific knowledge is also warranted. But, in order to avoid unnecellary
repetition of some of the interrelated information, this Chapter will be reltricted
to the public health upects of domestic water supplies and watewater dilpo.al
systems, unle.. otherwise dictated by the need to highlight certain outstanding
matters.

B. PAST WORK BY OTHERS

Studies in the field of public health in Jordan are so scarce that an investigator is
faced at the outlet with the difficulty of finding documented information and
reports. Thil then entails, at leut in part, gatherin, first hand information
through field viii tl, lurveys, and interviews to bridge the gaps in the scattered
information. Some of the reuons for such a Ihortcoming refer to the lir»ited
research facilities, research workers, and available funds in Jordan.

It is only recently that a few public health-oriented relearchers of the University
of Jordan and the Royal Scientific Society have become enlaled in inveltigations
in this field. This is a commendable start, and should be further encouraged and
lupported by both the private and public sectors, a the outcome would be
essential for the provision of bueline information, identification of outstanding
probleml and solutions, and determination of trends and future impacts.

For purposes of convenience, lOme of the available reports relevant to the topic
under dilcussion in this Chaptel' are mentioned aDd briefly dilcuued in what
followi.

1. Khoury, S.A. and Abd AI-Wali, M.T., "Continuous Water Supply and
Diarrheal Dileue in Jordan: A Preliminary Study" University of Jordan,
Unpublished, memolraph, 8 pages, undated.

The purpOie of this Btudy wu to provide a preliminary a.essm ent of the
relatiOlUlhip between continuoul and intermittent supply of drinking water aDd the
incidence. of enteric cUseues bam May 1 to Nov. 30, 1979. The two townl
selected for this study were Karak with a continuoul water flow, and Salt having
an intermittent flow. From the data obtained from the health centers in both
towns it wu concluded that the continuity of flow of drinking water in Karak may
have contributed to a lower incidence of diarrheal diseue u compared to that
obtained in Salt.

These findingl are not surprising in view of the possibility of admission into the
water distribution system of microbiological and chemical pollutants by virtue of
the negative pressure developed during non-flow periods. This is a common
occurrence in Jordan and other water-short regioDi of the world. But, what is of
equal importance is the observation that the number of diarrheal cues in both
Karak (4Z8 cues, or 3567/100,000 population and Salt (768 cases, or

I
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Z3Z7/100,000 population) are appreciably hillh. The inference il that other
comtnunitlel in Jordan such u Amman with intermittent water suppliel are
likewile apt to luffer from water-borne diarrheal dileuel. However, an
interrupted flow il only one of the pOllible influencinll factora.

Z. Khoury, S.A., Qubain, S. And Shehabi, A., "The Water Contamination of
Salt 1976. An Epidemiological Study of Dileue Outbreakl." Jordan Med•

. J., U. 34-43 (1977).

Contamination of poundwater from an old well Uled u one of the municipal
water lupply source. on or about December Z3, 1975, relulted in a water-borne
outbreak of galtrointeltinal dilea.el from January throup May, 1976, involving
much more than the 415Z patient. who had attended public clinic. in Salt with
galtrointeltinal aymptolD'. Four different di.euel were identifiedl (a) lIa.tra
enteritil caUied by Shigella BoydU; (b) Guillian - Barre Iyndrome, ZO confirmed
cuel; (c) typhoid fever cau.ed by Salmonella typhi, U4 confirmed cuel; (d)
infectioUi hepatitil A, 90 confirmed cuel. It wu al.o .hown in thil Itudy that
the mOlt IUlceptible qe poup for the lIutra-enteritil cuel wa 1-14 yearl
(80.0%), and for the typhoid cael wa 5-14 yean (69.Z%).

3. Weltingboule Health Sylteml, "National Health Plamllnl in Jordan, Phue
Two: Health Policy Strategy." Columbia, Md., 1977.

In thil rather exteftlive report a number of topics dealing with varioUi .pects of
health in Jordan are pre.ented and dilc".~~~d. An attempt il made to concentrate
on information derived from demcY"'-' ,,·I·;·~-:t mortality, morbidity, and health
facilitiel utilization data in an (;..- i, 'evaluate the health conditioDl, but
lufferl from the UIW deficiency in, at.(, ',,~'elaibilityof, the available ItaUltical
inform ation.

Some of the important finttingl are briefly mentioned hereunder:

(a) Age diltribution showl that amonl all deathl in 1974, about Z8~ are
infantl below 1 year, and that about 43~ of all reported deathl are
of children below the age of 15 yearl who reprelent about 51% of
the population. Therefore, children in general, and elpedally in the
pre-Ichool years, are in the peatest need of health cue.

(b) Clalification of deatha by caule sbowl that enteritil, pneumonia,
heart conditioftl other than ilchemic heart dileae, and accidents
ue the four leading known caUl.. of death. Available data from
other years lupported thil concluaion.

As motor vehicle accidents account for half of the deatha due to
accidents, it il luggested that thil important health problelD be
addresled in a compreheftlive and effective manner.

(c) Classified by age and caUle, mortality data IhoWI enteritis and
respiratory dileues are the major killerl of children under 5 yearl,
while accidents emerge as the leading killer in Ichool-age children
5-14 yearl.
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(d) Morbidity d.ta Ihow. that froID 1910 to 1915 enteric di.e••e.
(typhoid fev.r, dy.entery, and infecttoUi hep.titi.) were the fourth
IDO.t important group of iUn.... Th••• eli.e•••• ue clo.ely r.lated
to the degree of water contamination and p.rlonal hYlPene
practic•••

(e) Ho.pita! admi••ion Itati.tic. for 1915 lhow that dillea.e. of the
dige.tive Iy.tem are the leadlng group, accountinl for about 18" of
all admi••ioDl, followed by cU.eue. of the r••piratory and the
genito-urinary'yllteml. It i. conclud.d that th••• di.ea•• form the
major cau.e. for .e.kinalDedical car••

(f) Study of the utilization of health ••rvic.. .how. that the hlpe.t
rate of ho.pitalizaUon wa in the lOuth (Karaks 18/1000 and Ma'uis
51/1000), and the lowe.t rate in Ialqa (30/1000). Tbi. i. attributed,
among other reaODl, to the lack of effective health cue .ervice.
re.pondi. to the buic health n.ed. of the population. Thi. pattern
re.ult. either in mi.Ule of ho.pital. u provide,. of b••ic cue, or hi
a need for cue for unnece••ully .dvanc.d cue••

(I) Maternal and child h.alth lerYice. cover only about ZM. of all
prepanciel with .t l.ut on. prenatal .tIU. Th. other 80~ of
preput women do not even receive thi. Yilit before delivery.
Po.tnatal coverage i. even lower at 6~.

(h) CODiider.tion i. allO pven to tb••tatUi of .at.r lupply aDd lewq.
dilpo.al Iy.tem., and .ome of the major probl.m. u. brieny
d.scribed.

4. Halcrow Fox and A'toast••, Jouzy and Partn.", "Jordan Urban Project.
Int.rim S.ctor Report No. It. H.alth in the Amman -Zarqa Slum Areu."
Feb. 1919.

This report and the studt.. on which it wu baled were und.rtaken from 5 to
Z6 February 1919. It doe. not dwell greatly on the conventional hldlc•• of ill
health lucb a morbidity and mortality .tati.tici becau•• the.e are mown to
be und.r-reported. Tb. finding. and recomm.nd.tiona are .umlDui••d
hereunder.

(a) The urban Ilum healtb probl.lD. in the .tudy area are lucb that
improved water 'ftd .xcret. cIi'pOlal are couid.r.d to b. tbe mOlt
delb.ble lervice. to be proYided.

(b) ImprovelDent in tile h••ltb ItatUi of the tuget population would
belt be achieved by the exp&Dllon of the exiltinl prtmary bealtb
care .er.tcel.

(c) Tr.ini. of practtciq phy.iciau, nurle. and otber health worken on
community health care il al.o lUile.ted, tOlether with
improvement in the public bealth education propalD.

H



PUBLIC HEALTH CONSIDERAnONS

C. IXISTING HIALTH CONDmONS

1. U.eful and Pertinent CODiideraUon.

In the ab.ence of readily Available, valid, and quantifiable indicatoll of iU
health ari.ina from poor .anitay condition. and practic••, mortality .nd
morbidity .tati.ticli m.y .erve the de.ired pu'po•• of ••••••Inl the .itu.tlon.
Viewed In the Ulht of .ddltlonal information obtained th,oUlh fl.ld .urv.y. to
determine the influencinl environmental and othe, f.cto.., the v.lIdity of the
data would thu. be enhanced.

Oa.trointe.tinal di.e.e. t'lnImitted throulh water are lenerally r.copil.d
to reflect, to .ome delfle .t le.t, the prevailinl .anituy concUtiona. The
cont,ol of the.e di.e.e. in the hilhly developed count,I.. throup th.
in.titution of effective meaurea for the provilion of .afe wat.r, the prop.r
di.po.al of human wute., and promotion of per.onal hYIi.nel. known to be an
irrefutable accompli.hlDent. In cont,at, the deYelopinl countri•• continu. to
,uffer from the cODiequence of 1••trointeDitinal cU.e.e, e.peciall, alDonl
chUdJten, on account of the unaati.f.ctary .anitary concUtioDi that pr.yaU. To
illu.t,ate thi. point, ref..enc. i. made to mortality and mo,bidlty fil\ll'lI
quoted by Rifka (1980) frolll WHO lOurce. that pertain to the lutern
Mediterranean Relion where the infant mo,tality rat•• are hip (Table 4-1).

Of the 11 million chUdJten born in the relion in 1976, .bout ZO~ will die b.fo,e
the .e of 5; 40~ of the.e death. are clu.ed by I ••trointe.tinal inf.cUou.
ZO~ by re.piratory infecUou, 5~ by imlDunl.able di•••••, and Z.5" by
maluia. Khan (1980), in an endeayour to prolDote primary h.alth cue
prolram., quote•• well known Itatement by WHO to the ,"ect that .bout
90% of all death. amonl childl'en could be .yoided by the proYilion of .&fe
.ater and .&Dit.tion. Thi. i. iu Une with the Water O.cad. (1981 - 1990)
recently declued by the UN. OrrJ rebydJtation th.rea" propalD', .t,on,I,
adyocated by WHO, Ie yet another promillnl appro.ch that i. ,aininS wid.
acceptance in many part. of the world (.ee, for inatance, WHO 1976, 1979, and
1980). Thi. inyolye. o,al admini.tradon of .alt-'Ular IOlutiona to aboUah
death and di.ability caUied by watery diarrhea.

The acee. of fecalm.tter orilinaUns from man and warlll-blood.d anilllal. to
drinktftl water 'UppUII would lead to the t'lDIllli••ion of water-born. dI.....,
of which the principal one. are pven in Table 4-Z. A well docUIDent.d account
of waterborne patholeDi i. pyen by Gelclreich (197Z), who allO dllCUIHI the
trlDlport into .urface and poUDdwate.. of the.. pathosea d.,iyed frOIll

humlDl and fUIII animal. by raw and treated .ewa,e, and by .torlll-.ater.
The same reference pointa out that the occurrence and IIIlIDitud. of th•••
patho,ea in raw se••e would reflect the preYalence of dI.eae at the
lIIoment. An obYioUi conclullon i. that patm,ena in ra••ew... in deY.lopinS
cOUDtriel, where satrointe.tiDal di.eae. are endelllic, and puUcularl, duriDi
outbreak' of di.eue, ue lIIuch more concentrated than in raw ••w...
obtabuDi in deYeloped count,i.. .

4-5 I I
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Tabl. 4-1. Intant Mo~tal1ty Rat••

Req10n

COUftUy l.t1mattd POpulation Rat.
1917 ( 000'. ) (pt~ 1,000 live binu)

Atqhan1.tan 20,340 182

BUl'ain 270 64

Cypru. 6go 33

D'~l'at1c Republic ot Y...n 1,800 190

Dj1bcNtL 230 52

Iqypt 38,740 leo

Il'an 34,160 139

II'Aq 11,910 86

Jozod_ 2,080 89

Xuwa.i.t 1,130 43

LtD_GIl 3,080 65

Libya 2,570 73

0Mn 820 13l!

puL.an '15,280 124

gatu 200 42

Sa1llll1 kab1a, 9,520 152

sc.a1La 3,350 177

SwIan 16,530 140

.ia 7,840 93

·'runi.ia 6,070 120

Uftittld Al'ab lail'ai•• 710 138

Y-.n Al'ab "public ',080 152

'fC'l'AL 244_,430

• l.tiI_t.eI tl'Oll 1at••t cSat .. avai1ab1. to NIO /r,;Jt/J, JUly 1978•

• I'CII liaa, o. Conventional l.a1th Cal" Syt~ and MHt1nq the ISHnUa1
NteeI8,t Und'I'MJ'VlI!HI Pop\IJ.at1on ~oup. in o."'lopinq Counui... In I

~I'ican uni....I'.1ty ot "int. IUMn ".ovee. tOI' P~1JIa1'Y l.a1th Cal" in
the JUddl. la.t. AlIa, ..int: (1980). ''''' 11.
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Table 4-2. a
Principal WaudJome Di.a••

t

"
~

Di.a. Agent Source. c.- III Vehicle
b

Qaolera Vibrio c:holer_ Patients a carriers : PriJlary cases : water;
fece•• vo.1.tua seCQlldary cases: direct

CQIltact. raw or t.properly
cooked foods. and flies

'l'}"lIboid fever 8at-aDeUa Pati_u a c~iers : Water. food. and flies

tiC
t.yphi feces. urine

H

II:
Paratypr.'1old S.~lla : Patleats a carrik. : Vater : few outbreaks;

paratJPbl feces. urine .are CO mly food. files.. sc:bota.-Ilerl and direct contact
bJ.ncbfeld1l

~

u Bascillary Shigella: Patlenu a carrier. : water. food. flies and
tiC dy....tery dy8&Duri_ fece. direct cootact

fl....rl• boyd1l
.....i

Gastroenterltl. UnkOMD ProIMIbly .... and Water and food (latter .are
I ...~.: feces C-D)

I Infectious llec:eatly i801ated PaUeats: fece.. urine Water. food. and direct contact
i • _patlU. ftru8 mel n_l discharges
H II:>

I"

to
d
b:I
t:
n

=~
>
~=n
oz
In

8
lZJ
::d
>g
Z
rn



Table 4-2. COIltinued

t

~

I ~ic Bot-*»" Patients a carriers water. food. flies and
(aDd prgbably rata): direct CQIltact

... feces

fI) Scblst=osqetasla Scbl.t:.... : Patients : urine or ~&t1c. recreatiunal or
iii (Bilharzia) .....tobi.. fece& agricultural vater
Ii ......i
z ·japaoic.-
H

z
~. Aacarl~l. Aa~I. In£e.ted penQIUI : llater and rood
III Unte.tinal l ....ricoicli. ova in feee.

III roond vom)

Diarmoeal Sbige11a. Patients : £ece. llater. food. and flies
disea... SaI...Ua.

I fI) K. coli.
~ 8n III G. 1Mb1i.

a ~ ViE~'"

a. SOurces: (U ......... &.s. Coft~l of C· -icab1. Di.... in IliaD. 11th eel. APIIA. Wasbingblo..
DC (1970).

(2) .m. Guide to SUp1. s.Dltuy Measun. for the Coattol of Babric Diseases.
-.». a..ewa C1914" p 11.

b. Food: raw wgeUb1_. _lit. _lit ~ts. or "'llfi8h•.
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PUBLIC HEALTH CONSIDERATIONS

Hoadley and Goyal (1976) have enumerated the wide variety of parasites,
pathogenic bacteria, and viruses occuring in sewage, and rightly indicate that
the sanitary character of sewage varies from community to community
depending upon urbanization, population density, and sanitary habits. Table 4
3 shows the pathogenic organisms commonly found in sewage as adapted from
Mata (1978).

Accotding to Geldrelch (1972), sewage treatment processes will reduce the
pathogen content of raw sewage, the degree of reduction beini ioverned by
the type of process and other factors. While marked reductions can be
achieved by secondary sewage treatment, yet complete removal is not
practicable. The tricklini filter process, for instance, hu been found to
achieve the following percentaie reductions of specific pathoienl: S.
paratyphi B, 84-99%; M. tuberculolis 66%; enteric virusel, 40-60%; tapeworm
ova, 18-70%; E. histolytica cysts, 88-99%; total coliform, 82-97%. For the
activated sludge proceS:i, the percentage reduction of such pathoienic bacteria
as Salmonella and Shigella generally rangel from 85 to 95%, with 98%
reduction for such viruses as Polio virul type I and Coxsackie A9 virUi.

Sludie digestion has resulted in 25-92.4% reduction of S. typhi. The conclusion
derived from these facts is that the treated effluents constitute a potential
health hazard throuih polluted waterl and vegetables contaminated by
application of wutewaters to land, unless additional appropriate treatment is
applied. Problems of land application of waltewater are hiihliihted by Lee
(1976). Similar constraints apply to the use of reclaimed wastewater for the
recharie of iroundwater and other purpoles (Sanks and Asano, 1976).

Bitton (1978) focuses attention on the more than 100 types of enteric viruses
that are expected in fecel and infect the iastrointestinal tract and other parts
of the human body, and discusses the question of virus survival durini
wastewater treatment and spray irrigation for the application of wastewater
on land. Survival in the aquatic environment, soils, sediments, and food
(vegetables) are also discussed. His conclulion is that neither current sewage
treatment nor water treatment processes satisfy the riiht of the public to
virus--free water.

Both municipal sewage and sludie can contribute macro- and micro-chemical
pollutants to contaminate water and soil. Hiigins and Burns (1975) noted that
nitrate leached from fertilizers or human and domeltic animal sewaie could
contaminate drinkini water supplies, or may accumulatf: in some plants
(notably spinach, squash, beets and carrots) when ifown on soil hiih in nitrate
content. In such cales, there is the risk of ·methemoglobenemia amoni infants
below one year of age.

With the increasing amounts of sewaie sludle applied to land there il the
potential for human health problems arisinl from metal contaminants in
sludle. Amoni the various toxic trace metals (Cd, Cr, Se, Hg, and Ph),
cadmium seems to be the metal of most concern to human health with
applyini muncipal sludge to land (Pharen et al, 1979). Wastewater treatluent
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Table 4-3. .at:hogllnic Organi_ C .tly~ in sewage *

** aM»ler.Vibrio cboler_

**Sat.aaell. typbJ. 'l'WbDld fever

**.. sa.....ll. par.typbl •••tftIhol! fever•-0
**

~1-11. 8pp. FoocI poi--1DcJ

*.
SblCJ8lla .lIP. Bacillary dy-.teq.

*.
BacillWi antbr-=l. Antbru

••Brucella .pp. 8rucellosi.-llalta
fe_r in_.
COntagious .a,ortloo
in 1IbliIep. goata and
cattle

IIyClOb-=t:erlwa ** t'uberculoal.
tuberculosl.

)

OEpai.

Virua
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icet:erobl rr....,l_

Oi__
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a.patiti.
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Tran.utted by sewage and ~l
luted vater
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C i in ..... mid effluents

Polluted ..at:era ..... aource of
infectiaa

FOUDd in ....... SpoEes resistant
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lIoaully t:ran"'t~by infected
..lit or by contact. se Rage also
.uspect:ed
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II1ssloo. care with sewage and
.ludge frc. .anatoria

carried by -.er r.ts
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Table 4-3. cootloued

.Organi_

••BIlt""" bi.tolytic.

Sc:bisto.-a sw.

'I'_ni. IIFP.

Ascari. app.
BIltecobiua -We

Di__

Dy_teEY

.I
Sc:bi.tosc.1_i.

'l'apetlDDUI

.....~ WODUI

ae.arts

Spnall by coat-tuted waters
and sludge used ... fertilizer.
o 1 10 bot cUllAtes

Probably killed by efficient sewage
purificatiao

Eggs very resistant, present in
sewage sludge and sewage ef
fluents. Danger to cattle on
sewage-irrigated land or land
lIaIIurecI with sludge

u.nger to IIiUl froa sewage ef
fluents and dried sludge used
as fertilizer

'tIc:
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~
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• Source: liar., D. sewage 'I'n.mant in Bot eU_te.. Jobn Wiley & sans, .... York ( 1978 ). page 12.

•• 'IIIe_ organi_ Ue bKteria.
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technology for the removal of trace metals and other typer; of contaminants is
adequately covered by Patterson (1978), but it is beyond the scope of this
report to enter into the details.

The discharge of raw 01' treated wastewater of domestic 01' industrial orillin
into the environment (water or soil) is likely to lead ultimat9ly to the
accumulation of toxic trace elements. These are generally not ir.cluded in
routine chemical analysis of water for lack of analytical facilities, or because
of mere lack of appreciation of their significance as to their potential health
effects. In view of their importance with reference to drinking water,
attention is drawn to the need for compliance with the limits set by the WHO
International Standards for Drinking Water Standards (WHO 1971), and to the
National Interim Primary Drinking Water ReRUlations by tht! US E1',vironmental
Protection Agency (EPA 1976). The maximum acceptable levels for trace
elements in drinking water as set by WHO and EPA are given in Table 4-4.
Exceeding these values forms the basis for rejecting water supplies intended '
for drinking purposes. It should also be noted that removal of trace elements
in water requires a complex and rather costly technology that may be beyond
the present capabilities of most communities in developing countries (EPA
1976). Therefore, prevention of contamination of water resources intended for
domestic use is highly desirable wherever t~e required measures are feuible.

Public acceptance of water reclamation and re-use for domestic purposes may
be a major obstacle to any project involving such a system. Knowing that the
whole concept is still new to most people, it would be advisable to solicit the
views and attitudes of the public to rp.novated water projects as suggested by
Kasperson (1977), although such an approach may seem to be an unusual
practice that is not sufficiently warranted.

The adverse health effects of some metals present in water supplies in excess
should not be the only consideration, but judgement should also be based on
their possible beneficial effects when their concentration in natural water is
low, or is decreased by treatment (e.g., softening or demineralization). This
has been stressed in a recent publication by WHO (1979). For instance, the
high calcium content in hard water has been shown by anumbel' of studies to
be invers~ly associated with cudiovucular mortality, and with mortality in
general.

The evidence for a similar relatioDihip in the CUfl of magnesium requires
further studies and epidemiolollical support. A';":' excessive sodium intake
throulJh food and water, on the other hand, hu been shown to increase blood
pressure, whereu normal concentrations of sodium in drinking water do not
constitute a hazard to health. Softened drinkiDIJ water containinlJ an excess of
sodium ions obtained through cation exchange has aroused concern. Studies in
the West Bank of Jordan and in Nigeria sURfest that trivalent chromium
enhancl's the utilization of IJlucose in infants with protein-calorie
malnutrition. In the Jordanian study, trivalent chromium deficiency and
imparied glucose metaboli::Jm amonlJ infants from the hill regions of the West
bank were attributed to the low chromium content in drinkinlJ water (0.5 ppb
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Table 4-4. Maxi... AcCf'!ptable Level. for ftac:e Bl_qta in Drinking Water

El_nt llaxt_ Acceptable Lewl. (../i)
(197U a - (1916) bNHO EPA

Arsenic 0.05 0.05

Bari.. -- 1.00

CacIIU... 0.01 0.01..
I

Chrom.. (cr+6,...
0.05w --

Lead 0.1 0.05

Mercury 0.001 0.002

selent.. 0.01 0.01

Silver -- 0.05

a. lIIIO. International Drinking water SUndar_. 18), Geaeva (1911).

b. EavhOllllenul 'rot:ecUoa Agency. Rational Interia Prtauy Dr1Dking Vater Regulations.

EPA, Publicat10a 510/9-16-003, u.S. GIro, .....lagtoft, D.C. (1976).

c

...,
d
bI
t:
o
:r:
t:t
>
ti
:r:
o
o
Z
\11a
lZJ
::u
>g
z
U1



PUBLIC HEALTH CONSIDERATIONS

of Cr; mostly rain wat,er), in contrast to the normal group of infants from the
Jordan Valley wher~ the drinking water from springs contained an average of
1.6 ppb of Cr. (Hopkins et al., 1968). However, these findings were not
confirmed in a similar study in Cairo (Carter etal., 1968). It is possible to
conclude from all of these observations that: (a) where the mineral content of
the diet alone may be deficient, water could be an important source of certain
essential substances, especially calcium and magnesium; (b) drinking water
with low mineral content (demineralized, desalinated, or rain water) should be
cautiously accepted, and preferably only after a carefuly study has been made
of the local inhabitants; (c) the possible harmful effects to high risk groups
(such as persons on restricted sodium diets, people living in hot climates whose
fluid intake may be very high, and those whose drinking water has a very high
content of natural sodium) should be carefully considered in the light of
available information.

Z. Water-Borne Dbeases

With a few exceptions, water-borne diseases appear to be endemic in Jordan
where the occurrence of frequent outbreaks generally goes unnoticed, and
accurate information about them is either scarce or lacking. This, however,
does not necessarily apply in the case of such a 'scaring' disease as cholera
when imported cases trigger an outbreak, partly because of the interest of
WHO in the spread and control of this much dreaded disease.

In the discussion that follows, no attempt is made to distinguish between water
and food-borne dis.eases as this is not practicable in view of the common
connection between the two routds of transmission. In any case, this would
not be necessary in view of the nature of the project under consideration
which is intended ultim(ltely to reduce diseases transmitted by both water and
food.

Moreover, because of deficient reporting of communicable diseases, resort to
morbidity and mortality statistics in hospitals is a more reliable alternative.
The aVEl.ilable sources of information for 1977 are limited to ZS hospitals u is
indicated in "Morbidity Statistics in Hospitals, 1977" publi.hed by the
Department of Statistics. Accordingly, the data provided hereunder is based
on this :.'eference, unless otherwise stated. But it should be indicated at the
outset that the recorded data do not correctly reflect disease prevalence
among the general population primuily becauae only a fraction of the sick
people are hospitalized, with the majority beinl cued for at home, 01' at
health care centers. Nevertheless, the data could still serve as a useful
indicator.

Attention is focused un children below 15 years of age as this constitutes the
group most vulnerable to gastrointestinal diseases transmitted by both
contaminated water and food. In fact, Z3.7% of all the patients hospitalized in
the Z5 hospitals for any cause belong to this age group, which also comprises
40.9% of all hospitalized males, and 13.6% of all hospitalized femalel. The
last two figures are believed to be accounted for, at least in part, by the
preferential care given by parents to their male offspring.

4-14
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Several important inferencel can be derived by consideration of the data
provided in Table 4-5 as is briefly indicated below:

The age poup mOlt vulnerable! to water and food-borne disealel
conliltl of infantl below the aliJe of one year (1006 out of 5399 cues
hOlpitalized, or 18.6%), followed by pre-Ichool children 1-4 yearl of
age (55Z out of 7416 cuel, or 7.4%).

There were a total of Z916 cuel Buffering £loom the lix dileuel
lilted out of 97,766 p~ttentl hOlpitalized for all Ulneuel, or 3.0%.
Patients 15 or more yearl old (909 cuel) form only I.Z% of the
74,601 hospitalized cues in the same age liJroup. Evidently then, it
is the infants and pre-school children that need the Featest
attention with relpect to public health and medical intervention.

(b) Gutroenteritis and other diarrheal dileuel form the bulk of the
diseues under con.ideration with a total of ZZ70 cuel, followed by
the salmonella FOuP of infections with a total of 37Z cuel. The
other four diseues appear to be of a leAer magnitude and
importance. When.e diltribution is conaidered with relpect to
thele two Ulneues, it becomel clearly evident that children from 0
to 4 yearl are predominant. Thele facti are supported by the
findings of Khoury et al (1977) during an inveltigation of an
outbreak in 1976 in the town of Salt. Their data showl that the
number of easel with gutroenterit~1 (415Z cuel) exceeded tho.e
with typhoid (130 cues), or infectioul hepatiti. (ZI cuel).
Accordingly, it can be inferred that of the six dileues con.idered,
gastroenteritis is the most prevalent among the Jordanian
population.

From the standpoint of occupation, patients with low income
occupation. were appreciably more than thOle of the medium and
high income categori. (Table 6). The difference probably Iteml
from better living conditioDl, nutritional .tatUl, and perlonal
hygiene. The category of unemployed involviDi children, Itudentl
and houlewive. with a total of Z6Z3 out of Z916 cuel, or 90.0%, by
far exceedl that of the employed cuel. Thil il obYioUily on
account of the inclulion of the large group of children below.the age
of 15 years.

Two important facts can be ded" '.ced from the data liven in Table 4-7 which
shows the distribution of patten·.... by group of illneu ad governorate (place of
relidence):

(a) The overall morbidity rate for the six dileue. i. 137.1 per 100,000
population, with the hilhe.t lipe (106.7 per 100,000) all~ped to
gastroenteritis and other diarrheal diaeues.
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Table 4-5. PAU_U ~ltall""by Major Group of 11iMu aad Age Dur!Dg 1977 A.b

Age

(yr.)
a • c D B P Yotal PAU_U IM:Mp1tal1zed

(A-F) for All 1l1Dea-.
"U

~1 14 11 981 0 0 0 1006 5199 d
tJ:I
t""....

1-" 14 10 502 1 0 5 552 1416 0
::E:
t:J

5-9 41 1 156 1 1 6 216 5515 >
t""
o-i• :J:•- ~14 81 1 129 8 C 2 2)) 4815 0• 0
Z

15-49 179 61 )61 18 24 48 715 60.652 fA

6
t:J

50+ 9 15 III 2 1 6 186 11.082
:a
>a

IIIK .ated 2 0 6 0 0 0 8 861 Z
fA

'I'aUl 112 129 2210 52 26 61 2916 91.l66

a. ......... fn.~t of SUU.Uce. IIDdttdlq SUu.uc:e ta a-plbU. 1911•
...... r1918.

b. A- tftIIIold atft111G14 fawr ..a otMr -1...1.. lDfecU... a- bact1laEY ....t:uy ...t --"".'.,
e- _~tu. ...~ 41auh..1 dims... • ~ .....UU.. a- ..tarta, po- ......th.._·

~
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Table 4-7. Pati_u lkMpitali&ed by "jor GEoup of 11m-. ...s Place ( GaveDlOrate ) of ilesideace

DurtDl) 1911 a,b

11~..c ...... 8alqa Imid
br_

Il'un OUtside 'rot:al
JcmiID

""A 211 9 112 34 5 1 312 C
til

(11.3) • (6.5) (18.1) (29.9) (9.0) (11.5) t:
0

• 26 5 56 38 4 0 129 ::t:
t:J

(2.1) U.6) (9.3) (33.4) (1.2) (6.1) >
~

t""
toi

t c 106 4. 715 123 69 13 2210 ::t:- (51.9) U1.9) (119.2) (635.6) (12':.3) (106.7) 0• 0
D 40 0 10 1 1 0 52

Z
en

(l.3) ( 0 ) (1.1 ) (0.9 ) (1.8 ) (2.4 ) 6
t.:J

• 15 0 5 3 3 26
:u

0 >
(1.2 ) ( 0 ) (0.8 ) (2.6 ) (5.4 ) (1.2 ) ::i

0
P 45 0 12 8 0 2 67 Z

m
U.l ) ( 0 ) (2.0 ) (7.0 ) ( 0 ) U.2 )

'I'oU1 lOU 58 910 807 82 16 2916
(A-F) (85.6) (42.0) (152.D) (109.4) (147.7) (ll7.1).
a. ...... tEa.~t of StaURtca. 1IDd»1d1t7 StaU.Uca in a.pital., 1977• -... sept-'!-r 1918.

b. . I 5Pi.... vlt1da bracketa~~-'WIt~ ra-=- 10 ..,..'aUca.

c. a- t.ysIIIoi4. pattiE' oW • otMr .'__lie ~~maa, a- a.ci1laEy dyeeDt:eEy ..a __ta.t.;

c- _t8ri~l.... otMr dtanIIoM1 diK' TF. ~ tafecUaa. ....uUa. &- .alaria, r- _lalatht.-••
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(b) The mo,a .ural eommuniUe. in I.bid, Kuak and Malan Ihow
.iplfieanUy hilho, mo.bidity .ateA than tho•• lor Amman and Balqa
governor.ta.. The ov..,all value. per 100,000 popul.Uon lie 233.8
lor Irbid, Ku.k And M.lan, ud 81.1 lor Amman and lalqa. Thi.
may be .xpl.in.d on the ba.i. 01 dill.flnc. in .ocio-.conomic
1''1.1., .ducational .tatUl, hYll.nie pracUc••, r.laU.,e .al.ty ot
....ter and food, • ."U.bl. .anAtuy lacUlti••, .nd p.ovl.ion ot
p.imuy h.alth Cil" •••vic•••

The data 1o. de.th. occur.inl in ho.pltal. amona p.tt.nt••UU••inl
from wat... and lood-born. di••ue. (T.bl. • ..8) indic.t. th.t
g••t,o.nteriti. and oth.. di...h.al di••u.. occupy the lo.emoat
po.Uion, with 85 de.th. out of • total 01 90 (0. 94.4%). Thi.
IUII••t. th.t thi. ..oup of lUn... h.. a p.at.. mo.tality rat.
compu.d to the ••mllninl Uln... l'oUP', and i. theflfo.. 01
.....ter importanc. Irom the .tandpoint 01 pubUc heal th. That
chUdren of p....chool 'Ie (0-. y••••) p.y the hilh••t toll i, al•••ly
Ulu.t••ted by lip•• 10' the d.ath ••t•• pe' 1000 paUent. I '7.0 for
infant. b.low on. ye.., and 2.1 10. childr.n 1-4 y.u. of •••• In
contra.t, the d.t. in Tabl. 4-9 'UI.e.t 1ft in..... ,elatioMhip
betwe.n '1' and l.nlth at .t.y in ho.pital. only with .....d to
p.ti.nt. with I __t.o.nteriti. and oth•• di...heal di....... Th••• do
not 'pp.ar to be relulu t.end. in the cu•• 01 the other I'oupe 01
di.eue••

Typhoid f.ver, p,ob.bly mo.tly wate...borne, i. known to be endelDic
in Jo.dan UI i. the cue in IDO.t of the de.elopinl count.ie••
Spo••dic outbre.1u are not infrequent, but they ueua1ly F
unnotic.d. Bu,inl the .ho.tcominl' of ••ce••i.4iI under-Nportb'l of
thi. and oth•• communicable di.eue, it i. inferred frOID T.bl••-10
th.t, durinl the period e.t.ndinl from 1911 to 1911, a pe.k in the
number of cu•• occ\l1",ed in 1914. The'.... no incllc.tiolll that the
lituation i. ilDprovinl IilnUicU1Uy if the fip•• u ...lIm.d to be
IOmewh.t vaUd.

Ne.e'thel•••, 1ft annual lDean valu. of 235 ••po.ted c_. of typhoid
i. ce.tainly not a nelUaibl. iuue, ••,.daUy when the incidence of
oth~, di.eu•• t.uapo.ted throup w.te, ad food i. cOlllid.red.

Malui., • w.t.r-relat.d di.eu., .how. a definite inc.e.e in tr.nd
from 1910 to 19'78 (Table 4-11). Out of the 360 idenUfied mal..i.
e:u•• in 1911 (T.ble 4-11) only Z6 cu•• h••e b.... ho.pitl1i1eel
(T.bl. 5), thu. ..e.tilll that th. .a.t .ajority of cu.. ...
ambulatory. What i. of p.lm. importanc. i. the fact that, accMcllnl
to the Mini.try of Health, all the poIiU.. cu.....e,e imported. NI
i••ub.tuU.ted by the t,emendou. Inc••u. in r.cent yeu. In the
numbe. of exp.t.iAte. from .uch countri. u Imt and Indone.i.
"hlf" the p•••l1enc. of .l1arla i. quit. notabl.. The inOu. of an
.xpat.i.te wo.ki. force tenda to off..t the .ffo.t. by the Mlni.try
of Health anel lDunlclpaliU.. to co,,~"n. if not to l..acUe.t., the
dl••ue. ..id••, the continul. ~ppllc.tIOft of 1•• quatltl.. of
i..ectic:id•• to cont.ol adult aUllqwto.. anel 1.... COftltltut•••
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Table 4-8. Hospital Deaths and Patients by Age and Cause of Death During 1977 a.b

Age

(yrs) A B C D E F Total Hospital Deaths /100
(A-F) patients patients

(1 1 0 69 0 0 o· 70 1006 7.0 Ilj
c:::
bI

1-4 1 1 12 0 I 0 15 552 2.1 t:
0
tI:
~

5-9 0 0 2 0 0 0 2 216 0.9 >
t"
t-i

~ tI:
I

0N 10-14 0 0 0 0 0 .0 0 2ll 00 0
Z
en

15-49 0 0 1 1 0 0 2 ,15 0.] a
Lz:I
:a
>

50+ 0 0 1 0 0 0 1 194 0.5 az
en

Not stated 0 0 0 0 0 0 0 8 0

Total 2 1 85 1 1 0 90 2924 ].1

~~......,

a. Adapted fra. Depan.ent of Statistics. IIozbidity Statistics in Hospitals, 1911. ~, septellber 1978.

b. A- typhoid, paratyphoid. ot."r samonella infecUOIUI' B- bacilluy dysentery and·~iasis,

c- enteritis and other diarrhoeal diseases, D- infectious hepatiUs, B- _laria. F- helalnthiasis.
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Table 4-9. .b
...~ienta IIospialized by Major Group of 11ln.....d~ of Say Dli=incJ 1977 •

Say '!'oul '"d
(days)

A 8 c D B r (A-P) bI
t:
0

1-2 13 56 1302 9 8 13 1461 :z:
PJ

1-4 91 40 512 4 8 11 666 >
~

t 5-6 60 16 216 10 1 10 )1) :z:
N 0... 1-14 126 14 118 20 8 25 171 0

15 + 2~ 3 62 9 1 8 lOS Z
(Ila
PJ

'!'oal 372 129 2210 52 26 61 2916 :u
>
::i
0
z

•• Adapted fra. Deparment of suti.tic:a• IIDzblcltty sutl.tic. 1D IIoapltal.. 1911. (Il

~septellber1978.

b. A- tybold. ~r.ty(Ibold and otber .......U. lnfection•• a- baclUuy -,-teEYand -.biasla,

C- enterltl. and otber diarrheal cit....... D- lnfectloua "'patltl•• B- ..larl•• P- beLatnthi••i ••

eP
>--



Table 4-10.· a
Typhoid ca._ Reported In Jordan by Year (1971-1978)

Year Cue_ reported
'U
d
tit

1971 100
~

• 1972 62 =I lIJ
N >N 1973 258 ~

=1974 430 0
0

1975 230 Z
fA

1976 315
8
lIJ

"1977 188 >a
1978 294 Z

fA

llean 235

a. SoURe: Mini.try of Health.

Annual Stati.Uca1 .eport for 1978.
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Table 4-111 81004 Spec_n••xained for HalHi. in JOl'dan (1970 - 1978 ).

. Specaen. Po.iti". c••••
b

Ye.r
ex_ined 110. 0/00

1970 121406 86 0.71

1971 140937 80 0.51

1972 166620 196 1.18

1973 163342 240 1.47

1974 128647 218 1.69

1975 136545 261 1.91

1976 111971 255 2.28

1977 112809 360 3.19

1978 93082 400 4.30.

Mean 130595 232.9 1.78 .

a. Source I Mini.tzy of I ••lth. Annual S~.ti.~ic.l "port for 1978.

b. All of the po.itive c•••• wen bpor~ed.

4-Z3
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potential health hazard in that the insecticide residues may ultimately be
transported by runoff water into the groundwater aquifers. Aput from the
large quantities of agricultural pesticides applied annually, about 15 tons of
75% DDT have been used in 1978 according to the Ministry of Health (1978).

Schistosomiasis (Bilharzia), another water related disease, doe& not at present
constitute a significant public health problem. But, the threat is beginning to
emerge and is destined to continue to grow unless checked by appropriate
preventive measures. E. Saliba of the University of Jordan (personal
communication) has recently demonstrated through a preliminary investigation
that the intermediary host (Bulinus Rnails) have been found in the Zuqa River
and in the King Talal reservoir. As with malaria, expatriates from regions
where schistosomiasis is endemic, would help to complete the development
cycle of the parasite, and consequently the spread of tho disease. One of the
important side issues arising from such a situation is that the King Talal
reservoir, a very attractive and scenic area, might have to be placed out of
bounds for recreational usage and contact sports.

3. Refugee Camps: Public Health Aspects

Since some of the Palestine refugee camps in Jordan are located within the
city limits, their public health impact on the neighboring non-refugee
communities cannot be overlooked. For this reason, a brief account of the
health and sanitary conditions is presented to help in appreciating the
consequences of the close relationship between the two kinds of communities.
The information i. obtained from two UNRWA documents (1979 and 1980) and
applies to the conditions prevailing in 1978 and 1980.

(a) There are a total of 10 refugee camps, 4 of which were established
prior to 1956, and 6 established in 1968 to accommodate refugees
from the West Brnk and Gaza in consequence of the Arab-Israeli
War. The total population of the camp residents is estimated at
170,847 in JUJI~ 1978, and ZZ7,000 in November 1979. These
refugees are eligible for full UNRWA health services, for which the
Agency has allocated about two million dollars in 1980 for the basic
sanitation services. The number of professional and semi
professional personnel, including laborers, employed in the health
services by UNRWA is 869 for 1978, and this includes 34Z laborers in
the sanitation service, 40 physicians, 3Z traditional midwives, one
sanitation officer" and others.

The basic sanitation services provided by the Agency in cooperation
with the Government of Jordan comprise mainly the provision of
potable water, latrine facilities, disposal of refuse and wastewater,
stormwater drainage, and control of rodent and insect vectors of
disease.

At present UNRWA provides the camps with chlorinated drinking
water at a rate of lZ liters per capita, excluding that received
directly from the municipal water supply by some refugees through
indoor taps or water tankers at their own expense. So far, 6,458
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private water connections to municipal water supply systems have
been provided, mainly at Jabal el-HUIsein, Amman New, Zarqa and
Irbid Camps.

The camp population served in this manner is estimated at about
Z9%, while 71% of the inhabitants are served by public water points
with about 5 taps per water point.

The original temporary latrines have gradually been substituted by
more hygienic public toUets connected to septic tanks and
percolation pits for the disposal of effluents. These toilets provide
5 seats per 100 refugees. This system, howevel', presented some
difficulties with respect to the privacy-oriented IOcial structure of
the refugee communities and Ul1Iatisfactory maintenance.
Consequently, a family latrine construction propam was iDitiated in
197Z, thus providing at present almost 97% of the camp population
in Jordan with ZZ,099 private family latrines. Moreover, the
Government has provided sewerage networks at Jabal el-Hulleln and
Amman New camps which are linked to the Amman sewerage
system. Pending similar .ewe~·age schemes, Zarqa and Irbid camps
have been provided with surface drainage systems for the disposal of
wastewater effiuents and stormwater. These drainale system. are
linked to the natural water courses, and are supposed to be used only
for the disposal of wastewater of non-fecal origin, e.g., from taps,
kitchen, and facilties for washing and bathing. The effluents bom
latrines, constituting less than 10% of the total wutewater
produced, is supposed to be discharged into the percolation pits
provided. This would require modification of the internal drainage
systems at the ho\,sehold level to avoid overloading the percolation
pits and consequent overflooding. However, experience has shown
that these arrangements have not worked out to expectations
because of non-compliance, negligence, or the desire to save the
cost of emptying the percolation pits by commercial or municipal
tankers. As a result, pollution of the soU within the camps and the
natural water courses continues to pose a potential public health
problem.

There is lOme cooperation between UNRWA and the municipalities
concerned regarding insect and rodent control, and refuse collection
and disposal.

To acquire an insight into the prevalence of water-borne diseases
among the camp population reference is made to Table 4-1Z which
provides data,for 1978 as reported in the UNRWA Annual Report of
the Director of Health.

An outstanding observation relates to the extremely high incidence
of diarrheal diseases entailing a total of 37,494 cases in 1978, with a
case rate of 6,051 per 100,000 population. The case rate of 4,Z85
per 100,000 population for children below the age of 3 years
signifies that this age group is the most vulnerable. Although the
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Table 4-12•. Reported Case. of Notifiable water - Bome Diseases ~g Palestine Refugees in Jordan
( Bast Bank ) and in all ..... Fielda During 1918a

Baat Bank All .... Fields

Disease. No llate 110
5 No Rate 110

5
."

Populatloa Population C
till

Bilharzia.t. 0 0 1 0.1 t:
0

Diarrheal ~3yra 26549 4285 ~3yr: 16151 SOlS ::.=
tIJ

dise.... )3yra 10945 1166 )3yr: 33180 2224 >
total: 31494 6OS1 total:109931 1239 ti

t . Dysentery ::.=
N 00' (bae. II aa.) 916 148 4196 316 0

Z
rn

Bnterie ·8
fevers 0 0 11 ••1

tIJ:u
>

Infectioua ~
bepatiti. 1•• 23.2 190 52.0 Z

rn

Miliaria 1 0.2 2 0.1

Pol1a.yelitl. 19 3.1 34 2.2

Othan
b 12504 2018 51093 3160

a. Adapted ~Ra ..... AaIlual "port of the D1nctor of IIMltb. 1918. _. vt..... JUDe 1919.

b. Notifiab1. di__• DOt u .......tt.s by .....r.
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cOl'responding data for the general population in Jordan is not
available for compuison; yet it would not be surprising to find the
figures for the camp population to be appreciably higher. This is on
account of the inferior .anituy practices and environmental
I;onditions that prevail in the refugee camps.

Tht~ data given in Table 4-13 for the incidence rates for three
important communicable di.eases tranamitted through water and
food indicate that the trend haa been more or less constant and is
expected to continue to be so In the future unlesa vutic and
effective measures are instituted. The impact of the adver.e
conditions on the health of the general public cannot be overlooked.

4. Water Quality and Health

Some aspects of water quality and pollution will be discussed in Chapters 5 and
7. In this section, however, it would be necellary to highlight the practice.
leading to the deterioration ~n the chemical and bacteriological qUalHj' of the
drinking water supplies and the public implications. Accordinsly, the followiDl
facts are presented as background information that would hel)) to appreciate
the subsequent cUacusaion. For further detaU. reference i. made to the
Malcolm Pirnie report (1980).

(a) The communities located within the Amman-Zarqa Basin obtain
water supplies for domestic, industrial and agricultural usage from
groundwater sources through private and public weUs. A much
smaller quantity of water used for irrigation purposes is derived
from the natural water 'courses, primU'ily the ZUqa River.

(b) Excessive abltraction of the groundwater in recent yearl has led to
an appreciable lowering in the water-table. Thil is an indication
that natural recharge, especially during yearl of drought, is not
commensurate with the bilh rate of abltraction. In fact, recharge
with wastewater from domeltic, industrial and agricultural sourcel
haa helped to supplement the deficiency in natural recharge.

(c) Both groundwaterl and surface waterl are continuously being
polluted from various sources, especially with domestic wutewater.
By virtue of the process of recycling of the wutewater, with only
partial dilcharge into the King Talal reservoir through the ZU'qa
River, the accumulation of inorganic and organic contaminants in
the groundwater hu aroused great concern. The same appUes to the
waterl of the King Tala! reservoir. Because of the acute shortage
of water, and the limited alternative suppUes, the communities in
the Greater Amman area will have to continue utilizing the polluted
groundwater, and to risk the consequent effects on health.

(d) So far, emphasis has been almost solely placed on the
microbiological pollutants and their health effectl and on the need
to disinfect all drinking water supplies by chlorination. Very little
attention has, been given to the potential health hazards due to the



Table 4-13. Incidence Rate. Per 100,000 Population for 'ftlree 0 micable Di...... in All IaiRWA

Refuge CMIpa (1968 - 1978)

Year Diarrheal Infectioua Enteric Fevers
Di...... Rep.-titi.

'U
c:
bI

1968 '''60 ,.. 18 t:
0

1969 61.... 53 1.. =tI.I>1970 5..91 79 9 ~
~ =I 1971 5140 7" 10 0N
OD 0

1972 5517 71 11 Zrn

1973 5..76 51
8

10 tI.I
:a

197.. 5711 61 10 >
~

1975 5592 42 5 2:rn

1976 5..36 76 ..
1977 5585 42 9

1978 SOlS 52 5

Source: ...... Allnua1 Iteport of tbe Dt.ncmr of BuJ th. 1978. ..... 8eildquarter•• Vienna (JUDe 1979).
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p:lesence of excessive amounts of chemical contaminants. In fact,
the routine water examinations are almost limited to bacterial
indices of pollution. Water examination for chemical constitutents,
particularly trace elements, has :tot been practiced to an extent that
would provide adequate data and information. In effect, there
seems to be a lack of comprehensive studies on water quality, u well
as epidemiological investigations, with the exception of a few
sporadic attempts.

(f) The relationship between lDunicipal water supplies and the yielded
wastewater dictates consideration of the two entities in preparil'.g a
master plan for wastewater treatment and disposal, particularly
where the wastewilter is to be recycled as the case is bound to be in
the Greater Amman Area.

In light of this information, an attempt is made to evaluate the
conditions with respect to the quality of water and the potential
risks to consumers.

There are a number of conclusions that can be derived from the data
presented in Table 4-14 regarding the bacteriological quality of
municipal water supplies. Fintly, the water supplies are
bacteriologically unaatisfactOl'Y at all points from source to the
consumer's premises. Secondly, the Amman water supply is
relatively leu polluted when compared to those provided to other
communities. Thirdly, there is an IncreulDg trend in the chances of
pollution from Amman to townships to rillages. This is verified and
supported to a certain extent by the geopaphic di.tribution of
hospitalized patients suffering from water - and food-bome diseues
as shown In Table 4-7. Plausible explanatioDi for this attuatlon
include Inferior sanitary conditions and Ie.. Importance attached to
water supplies and wute disposal in rural and semi-rural areu u
compared to the capital city. A similar trend is again illustrated by
the data in Table 4-15 which covers the period extending from 1971
to 1978. The latter further suggelts that the situation hu not
changed in the put decade. Table 4-16 supplements Table 4-15.

The data presented in Table 4-17 Ihowin, the percentale distribution
by month of bacteriologically unacceptable water samplel in 1978
would be useful to identify seasonal variations and trends, and to
correlate the findings with peak occurrences of dlleue outbreaks.
The percentage of unacceptable lamples for towDlhlps Ihowl peak
values in November and December, with the lowest valuel in
January and February. The data for rillases, on the other hand,
show a peak In January with a decreasing trend towards the end of
the year. In any cue, the peaks seem to occur during the rainy
seuon, a situation that supports the belief that drinking w:)ter
supplies (maimy from groundwater sources) are more subject to
pollution from human and animal fecal sources durinl the rainy
season when pollutants could be transported into sround - .and
surface waters by surface runoff. Allowing a few weeb for the
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Table 4-15. Water Samplee Examined Bacte~io1ogica11y by Town (1971 - 1978 ).

Wate~ Silllple. EXlIIined
Town

NAbNo. 0/0

Alllman 2924 254 8.7

Zuqa 2098 492 23.4

Irbid 912 180 . 19.7

Salt 989 185 18.7

Total 6923 1111 16.0

a. Adapted from Mini.t~ of Health. Ar\nual Stat1.t1c.l Re~rt for 19711.

b. NA - not acce~table.
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a
Tilb1e 4-16. water S..-l•• B1r.ee'MCI Bacteriologically by Town and Year ( 1972 - 78 )

Year 1972 1973 1974 1975 1976 1977 1978

Town. Ho.
b ...C 110. IIA 110. IIA 110. IIA Ho. RA 110. RA Ho. RA

(0/0) (%1 (%) l%J C%J (%) l%)

...... 444 7.2 469 8.3 626 12.9 377 8.5 410 8.5 39 2.5 48 4.4 'tI
c:
bI
t:

Zerqa 231 10 172 12.2 161 42.8 187 21.3 187 27.9 181 20.1 510 29 0
:z:
lIJ
>

Rusalfa -- -- -- -- -- 139 28.8 168 19 135 31.1 105 23.8 t'4

• . I-J
I :z:
w·
N - 0

Salt 86 22.1 74 31.1 128 36.7 102 40.2 282 5.6 129 6.9 122 18.8 0
~
en

93 )5~5
a

.....-M 146 26.7 144 29.4 108 12.9 147 16.3 113 10.6 96 12.5 I.Z.I
:a
>

other. 281 42.7 403 42.9 332 22.0 271 17.3 756 15.7 747 15.4 935 16.6 a
~

-- til

Total IllS 20.0 1264 23.3 1391 22.4 1184 18.1 2150 15.5 1546 16.6 1816 20.1

a. ~ed fr&. lUniatry of Health. AnD_I Sbti.Ucal Report for 1978.

b.- Ho. - .....r of ...1•• ex-tDeel.

c. IIA - Hot ac:c:epbb1e.



Table 4-17. water SUlple. Collectec1 fXOll Source., Reaenoir., and Di.tribution Hetvork and Percentage

of Bacteriologically Unacceptabl. On•• by IIonth (1978) a

Month Townahif! Villa9•• 'rotal

s.pl•• %.b SMpl•• %.b Sa.ple. 0/0 .b "'dc::
blI

J 244 15.2 45 64.4 289 22.8 t:
n

F 207 12.1 27 55.6 234 17.1 ::-:
tit

H 251 21.1 14 so.0 265 22.6 >
t'"

A 224 17.9 36 52.8 260 22.7 toi::-:
M 179 20.7 26 SO.o 205 24.4 n

0
J 202 21.3 29 41.4 231 23.8 Zrn
J 237 20.2 31 35.5 268 20.0 8

I,:IJ

A 217 18.4 23 21.7 240 18.8 ~

>
S 179 25.7 9 11.1 188 25.0 ~
0 208 18.8 22 36.4 230 20.4 Z

rn
N 112 34.8 7 14.3 119 33.6

D 190 31.1 6 16.7 " 196 30.6

Total 24SO 20.6 275 44.4 2725 23.0

,
a. Adapted fro- Hinistry of Health. Annual Statistical Report "for 1978.

b. 0/0 • - Percentage of unacceptable aa.p1e••
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incubation periodl, then the appearance of water-bolne cit.eue.
would tend to Ihow peakt lometime durini tbe dry leaon.

'~bil i. HlUitrated to a certain deiree by tbe iraphical data provided
by the Mildltry of Iiealtb for reported typhoid ca.el for 1976-78.
1'be pe~kI occur al folloWl1 February and. September, 1976; July and
Sl!ptember, 1977; and July and September, 1978. However, it lhould
bu rememberetl that tbere are otber influeneini factorl tbat taay
'~'1Jlodify tbe trendl.

CO'Dlideration of tbe Zarqa River water quality from the .tandpoint
of cbemical pollution would enhance the understandtni of one of the
main route. of luch pollutantI frOID their oripna! lOurce to tbe
IrolllDdwater aquiferl, and to Kini Tala1 re.ervoir. Tbll i. on
aCCt,unt of the fact that Zuqa River ...vel a the main mediulD of
tranlport of wute.ater of dome.tic and indUitrial oripn u i.
de.cribed in Chapter. 5 IDd 7. A certain amount of the pollutant. it
carrie. may reach the iround.ater aquifel" tbl'ouih leepale, .htle
the rematni.. cODltituentl would be tl'aDllocated to the Xilll Talal
reler'voil'. The data pre.ented in Table 4-18, I'ecalculated frOID
analy\tical re.ultl repol'ted by Stanley CODlultants, IDe. (1918), may
IeI've the purpOie of illUltl'atlnl the contribution of Ain Ghaza!
Sew.." Tl'eatment Plant in term. of ol'lanlc and inoriuic
contandaaDtl. The value. a1.0 project the effectl of dileharled
wute. by luch other rivel'ine tow. u RUieifa ad Zarqa, a well u
the numeroUi .mall indultriel located alonl with the water courte.
SOlDe of the important flnell•• with relpect to the pollutioaal
contributtoDi by wate dilch_lel ue I'ecorded hereundel'l

(a) Thel'e il an incl'eue in the OI'ianic content of the rtver .ater '.
reflected by the appreclablelnCl'eu. in the .alu. for COD bam 104
to 601 mill.

'. (b) The.alt content d"wnatl'eam frOID the point of eIl.charle i. allO
increued u inellcated by the .aluel fol' conductance aDd TDS. Thtl
il reflected by incl'eae. in the IOluble .altl of Ca, Mi, Na, K, SO",
and NH4.

(c) Both bon and lDulane.e concentl'atlou ue much hlpel' than the
'maximWD pel'mlulble le.el.' Itipulated in the WHO Intematlonal
Dl'inld. Watel' Standard. (1971), which ue 1.0 mill for total iron a
Fe, and 0.5 ml/I fol' mlDiane.e u Mn.

Copper allO exceedt the 'hipe.t de.irable le••l' of 0.05 mill at by
WHO but i. Ie.. than the 1.5 mill 'maxlmUID permi.lible level.' The
nitrate concentration up.tream i. hlper than that dowDltream, but
in DO cae i. it exce••I.e.

(d) The concentration of each of the three potentially toxic trace
metall (Cd, Cr +6, aDd Pb) exceedt the correlpOndinl muimum
acceptable level a Ihown in Table 5, but the Itate of oXid~tion for



,
_ter

Table 4-18. Zaq~ II1VK/guaUq vttb ..tu.ace to ..... S...,. t'nam.at .1ant ( J-uu:r-hbnuy. 1917 )a

..a.- Pbat ~ ......
CcaaUb-.ltb (......) . d~1_t (Pbat t:o ... (El.-r vaur)

JH.... ad!p)

~ 3~ 1950 512 495.,. 250 1219 526 487

37:6
0-

Ca1ei.. (ea) 67.4 57.3 54.5
lIagDe.l.. (JIg) 3.2 26.2 84.4 72.8

OU
d

SGdt_ (IIa) 21.6
bI

190.0 86.0 77.7 ~

haui_ (K) 8.8 47.0 17.4 16.2 0
:J:

Sul~a~ (804) 21.2 .74.9 42.1 39.1 t'I1
>

alc:ubaaat:e (1E03) 110.4 643.6 250.7 230.6 ~
toi

:t pII 1.55 1.58 1.50 7.51 :J:
0VI .iuat:e (-3) 20.2 26.6 10.3 11.7 0
Z

SiUea (Si03) 10.1 26.3 12.6 12.2 til

8
~1.. -4) 3.8 36.8 7.2 6.7 t'I1

"aJO lOt 652 601 530 >
Bille (ID) 0.4 0.66 0.82 0.76 a. zo.-t.. CCd) 0.025. 0.015 0.022 0.022 til

Ina (Pe) 0.010 0.005 4.313 3.750
am-t_ (Cd 0.125 0.060 0.068 0.076

".cwu CCu) 0.075 0.035 0.075 0.075

........ C..) 1.115 0.365 1.186 1.176
Al.-lD.. (Al)' 0.02 0.00 3.34 2••
1'1aarU." (1') 0.005 . 0.005 2.181 1.870
I.M4 (Ib) 0.065 0.150 0.112 0.105

a. AdIpte4~ 8t-.leF CmnltMta. lac. ~~.a1a.... t aD "teE ad SMME.... hoject. July 21.1978
b. laatta 111 t:eD8 o~ .,/1. UCl8pl: for caaduct:aace ~./oa) ad pII.

/~
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Cr is not given in Table 4-18. Assuming that the analytical results
81'e valid, then these contaminants would pose quite a serious health
problem. It would be interesting to know their concentrations in
groundwater. Fluoride, another potentially toxic element, il found
in higher concentrations downstream where the level reached is
Z.l81 mgll at the New Jaruh bridge, and the mean river water
value is 1.810 mg/l. The increase in level does not appear to be due
to the Ain Ghazal Sewage Treatment Pl.t effluent. Nevertheless,
this is another case which requires great caution as such
concentrations in drinking water might lead to dental and skeletal
fluorosis. One of the possible sources of fluoride could be the
RuseUa phosphate mines, for rock phosphate is known to be rich in
fluoride. In this connection, it is sUlgested that a study be
undertaken to determine the actual contribution of these mines in
terms of fluoride and radioactive substances to the Zarqa River
water, and consequently to the poundwater in the neighborhood.
This is desirable in view of the fact that phosphate mines could also
serve as a source of radioactive elements (see, for example, Shain et
al- 1919).

s. Comments and Recommendations

The primll'y aim of the project is to pl. for the provision of the communities
within the Greater Amman area with facilities for the collection, treatment
and proper disposal of wastewater in such a manner as to promote the health
and well-being of the communities concerned, and to protect the, environment
from further deterioration. It is not expected to attain these goals except on
a long term buis.

The plan must take into account the comments and sUilestions pven below
which pertain to policies, decisions f1Dd actioDi needed to ultimately achieve
the set goals, and also hint at the anticipated outcomes.

(a) The wastewater systems, when completed, lI'e expected to, yield
beneficial returDl in terms of the health and welfare of the
communities served. That thi. is apt to be one of the achievements
can be inferred from the numerous experiences in the developed
reliODs of the world, as well as in lome developinl countriel. But,
the greatest benefit to be derived il that related to the control of
water-borne diseases, and cODiequently the protection of children,
pll'ticularly those of school aie, from such disastrous and frequently
fatal dileases as galtroenteritil. It should be pointed out, however,
that the delree of progre.. in term. of public health and the human
environment cannot be subltantial and tanFble when couidered on
a short term basis. Nor would it be reuonable to expect that the
disposal of wastewater, if taken by itlelf, would ultimately lead to
the eradication of diseases of fecal origin as there are a numb '1' of
other factors involved in the spread of these communicllble dile&des.
Not least in this respect are food and personal hygiene, prevalence
of domestic insects and rodents, and the condition of refuse
collection and disposal. Sanitation is obviously an t!!lIential
cou.~terpart for achieving a more complete success.
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(b) Effective protection of water resoUl'ces bom inadvertent 01'

imprcper disposal of domt:stic, industrial, or agricultUl'al wastes
would depend to a great extent on the method and degree of
treatment of such wastes, as well as on the approprh.teness of the
final disposal, 01' I'eclamation, system adopted.

Extreme cue should, thel'efore, be exercised in the selection of the
most appropl'iate methodology for treatment, disposal and/or reuse
of liquid wastes.

The constl'aints des(:ribed eulier reguding the potential adverse
consequences of tl'eai:ment and disposal of wastewatel's on human
health and on the environment should be kept in focus at all times.
Admittedly, the availability of adequate funds is one of the decisive
factol's in the process of planning, setting priorities, and selecting
appropriate technologies. Nevertheless, pl'omotion of public health
and protection of the environment should be given pl'ecedence
wherevel' possible, knowing that maintenance of the health of a
community and its envil'onment ue costly, but very worthwhile,
investmellts.

(c) On account of the well recognized fact that the Greater Amman
area is already suffering from an acute shortage of water supplies
for all usages, water conservation meUUI'es, a well a I'enovation
and reuse of wastewaters, deserve special consideration in the
planning stage. Water cODlervation meaUl'es, needed even if watel'
is to be renovated and reused, should not be too difficult to
implement right from the start with the aid of an intensive public
education program through the local mass media. What requires a
greater depth of thought and sound, scientifically-baed judgment in
the light of the present 8Jld predicted futUl'e conditions is the
decision to reuse renovated wastewater, and identification of the
purpose of usage. Reue for drinking and other domestic purposes
seems to be prematUl'e, and perhaps even undesirable at least at this
stage. There are several reasons for this view, the foremost of
which is the fact that the technology required for tertiary
tl'eatment to 8IIure a high degree of purity is relatively costly 8Jld
complex, and would ent~U a high standard of professional knowledge
8Jld experience not presently available in Jordan. Perhap8 even of
greater import8Jlce is the possibility of rejection by the public on
religious and !Social grounds. In addition, the long term effects on
health of driDking renovated wastewater are not yet fully
understood. Therefore, more realistic and leu costly alternative
uses need to be considered.

(d) Other highly desirable measures that would supplement the project
under consideration, and at tht·. same time enhance Its effectiveneu,
include: (i) expansion and strengthening of thfll existing primary
health care program, particularly In the rural ueas; (it) pladng
emphais on manpower development to cover the great shortage of
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qualified personnel at all levels; and (iii) plaDDingand implementing
an effective health education program to assure the dissemination
of esaential public health information.
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CHAPTERS

PRESENT AND FUTURE WASTE WADS

Thi. chapter diacuue. available data, .ummarize. projection. made by various
authorities for futUl'e conditioDB pertainini to wute loacla, and develops the
analyse. and projectioD8 for same. CODSidel'ation i. liven both to volumetric
quantities of wutewater and .ludie and quality ch8l"actel'i.tic. thel'eof. Thi. i.
done within the context of publicly owned treatment works, including industl'ial
wute. contl'ibutioDS and privately owned tl'eatment WOI'U fol' .epuate tl'eatment
of indu.trial wute., where applicable.

WASTEWATER. QUANTlTJES

Pre.ent and future wutewatel' quantitie. are important from the .tandpoint of
water resoUl"ce. and facilities for wutewater conveyance, treatment and di.po.al.
Wutewater quantities are dil"ectly related to wat. couumption by a community
and by iDdustri.. FOI" the formeI', it i. cuatomuy to I'elate watel' conaUlDption to
population; for the latter, it i. nOl"mal to couider pl'oceae. individually and
according to type of proce•• and quantity of raw matel'ial. proce••ed.

WATER AND WASTEWATER PER CAPITA VALUES

Table 5-1sUID:'1Iarize. certain water .upply and wute.atel' per capita values that
have beeD uaed by various authol"itiel and/OI" considered in certain engineering
pl'oject.. The tabulation il subdivided accordi. to water conaUlDption and
wutewater pl'oduction fo~ the vuioua major dtiel in the Kinidom. Diltinction
between watel' production ad wat. delivel'iet II necellary because of the
sipificant diffel'encel b.tween the.e cate~C")rie., larlel7 attributable t·o pipe
netwol'k leakage, relervoil' Overflowl, terini inaccuraciet, and Uliclt
connectioua. On the othel' had, in a water-ati I't area luch u Gl'eater AmlDan,
whel'e thel'e il relatively little Ul"ban area devoted to gardena and PUled areu
Nquirini inigation, differencel between watel' consumption and wutewatel'
production tend to be relatively miDOI'. Such diffuence'" .ould be due to cu
wubing and oth'- ". uae. of watel' ·outside· the dwelUnl ~t I'esultinl in
OOWI to public sewel'l''01' to pl'ivate cesipool syatelD.. . ..., ,

"'0Before coDliderinl the individual &l"eu and their respective per capita ·value. fol'
water deliveri.... ad wutewatel' production, solDe general explanation i. I'equll'ed
of local circum.tance. in the Greatel' Amman 81"ea cUl"l"ently experienced and/ol'
fOl"e.een fOl" the futUl'e. Lolically, data to support pnel'alizatioDl and
cODcluliloDi concerning water .upply and wutewatel' must nece.uUy come frOID
thole large ..encies haviDi the most expel'ience in the.e mattel", notably the
Amman Water and Sewerale Authority (AWSA), and the Water Supply Corporation
(WSC).
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-.au OP VAID~I" All) IlAS'llVATD
na CAPITA n.ovs ( LI1II/CAfITA.D&Y )
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Refereacea 1 2 3 3 4 3 5 5 6 1 8 I'd:a
lIJen

Vater eo.......tloll lIJ
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>
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1980 57 50 - - - - - - 65 65 - roe

- 0
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1190 11 76 - - 68 - 12 63 15 15 - en

2000 - 104 - - 16 - 80 11 85 85

a .
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According to the WSC, a wholesale and retaU supplier of water to municipalities and
villages, it hal been estimated that as bllh u 40 percent of the water delivered to
some municipalitiel il subsequently lost by leakage.9 Similarly, AWSA conducted
a comprehensive study on unaccounted-for water during 1915-16 and determined
that only 5Z percent of the water produced wa being registered throulh
consumer's water meters.9 AWSA did eltimate that althoup only 5Z percent of
the water produced wa being charged for,' probably 76 percftnt of the water
produced was actually being delivered, the Z4 p.,rcent8le points of difference
being ucribed to inaccurate meter regi-~ration. It was noted that lack of trained
and experienced mechanics for meter testing, repair, and installation is largely
responsible for these meter inaccuraciel.

The discontinuity of lupply and nature of the water diltribution syltems are other
factors to be taken into account when interpreting put and current water
production/consumption and wastewater production experience and projecting
future valuel for thele. Water lupply shortages for both AWSA and WSC have
necellitated intermittent deliveries of water to various sections of Amman and to
variOUI municipalities or villalel, respectively. For example, within Amman,
various sections of the distribution system were receiviDg water only two days per
week during 1980 under a system of ratioDinl.l0 Such intermittent service tends
to constrain consumption where builcUDg Itorale tanks have limited capacity.
Thus, elimination of rationiDl would be expected to result in lOme increued
deliveries (peater saUsfaction of water demand then prelently possible). '

Roof tanks ue almost universally used for storale of water on consumer
premises. The tanks are filled by prelsure from the street main and/or on-site
Pumpinl from low level tanks. Float valves are common for Ihut-off purpa-es.
'I1lere are five pressure zonel within the Municipality, correlponcUDI to vuious
elevation ranges. Within any prellUl'e zone, the lower elevations are normally
fint to have their roof tanks repleDished and the hiper elevatioDi the lute Float
valves on roof tanks or ground storage tanks throttle the now considerably durinl
the final stages of valve clOling,lOmeUmes to rates below the abUity of the
s8l'vice meter to detect. Thil is one IOUI'ce of meter inaccuracy.

When water shortages are sufficiently eliminated to preclude the necellity of
rationing and intermittent service to various distribution zones, it il possible that
lOme roof tanks may be capable of beiDl bypUled, for the prellure from the
distribution system mains may be lufficient at all times. In mOlt cues, however,
the roof tanks will continue in service, primarily u a prellure supplement durinl
times of peak demand. Distribution syltem pipes are not sized for the hilh now
ratel correspondi. to fire demuds in lOme countries. Virtually exclusive use of
muonry and reinfOl'ced CODaete building construction in lieu of wood
cODitruction peatly reduces fire hazard and permits such limited pipe network
capability. Distribution system networks are generally sized for meeting
moderate peak demands superimposed on moderate average demands. The AWSA
network hu been fortified aDd improved considerably so that multiple connections
braDchilll from a single water main tap are no lonler a serious factor in
constraining prellure aDd water cODiumption.
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In connection with satisfaction of water demand, AWSA water resources planning
is currently bued OD the following developments.10

Source of Supply StatUi of
Timing Firm Supply Inventory· Rationing··

MCM

Mid-1980 V.ioUl local wells 15 Service to vuioUi
diltrictl, 2 daY'twk

Late 1980 Add Azraq Well Field Up to 25 MOlt ratlomnl
eliminated

Late 1981 Add WSC Connection
from Qutal Welll 35 - 34 No more ratlonlnl

1985-1990 Add Major JVA aupply,
probably Maquln Dam 40 - 6S None

• Present wells have been able to supply anywhere in the ranle of
12-18 MCM durinl the put " yean, but thil Inclu,'el the
effects of poundwater baln mlmlll. FOI' 1985 condition, 40
MCM would reprelent lack of mlDiDg wherea 65 MCM would
involve baln miniDi. MCM- MUHon Cubic Meterl pel' year.

•• There hal been ratlonlq fOl' at Ieat the put 10 yearl.

Water Demands

With the arrival of imported water to AmmUl, It il utlcipated that the
cOllluminl public win expect improved water .ervice and will tend to cODiume
more water u "'gilding Itor..e tuu are replenllhed more rapidly thaD previoUlly
aDd the need for obtaining supplemental water from tank trucD 01' other lOurcel
diminishes. This same trend II anticipated outlide Amman, where the WSC'I
program for exteDlion of lupply from Qatal Wen Field and Bani Huan prope.el.

On the other band, tbe long-ranle outlook for pel' capita water demand p'owth
appean moderate. PoHtical uncertalntiel and/or hip cOltl Involved In lOme of
the supplemental supply projectl vil-a-vil 1I'0wlq populatioDi and the Deeds of
agriculture and industry, are thousbt to require a continued national policy
eilipbuizlDi wise and fNlal use of water.

Accordlqly, for the purposes of thil Mater Plan for Watewater Dilpolal the
following per capita water demand figurel for delivered water are auumed for
normal urban uses, tncludiDi domestic, municipal, commercial, and lOme
industrial (but not major industrial) demands:
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Demand for Delivered Water for Planning Areu
Values are in Liters per Capita per day (Icd)

!.!!!: Amman Suburban Ring Zarga-Ruseifa* New Cities*· Other

1980 85 95 67/80 75 50

1990 95 105 90/100 85 70

ZOOO 110 115 110/114 95 80

* Includes industrial deliveries.

*. The new plaDDed cities of Abu Nusair, Sahab/Airport City and Jiza.

Watewater Production within AWSA

Total wutewater pl'oduction tl'ibutary to the AWSA sewer network is procesled at
the Ain Gbazal Treatment Plant (AGTP) where it fiowl throulh one of two
proportional (Sutro) wein located between the barminutors and preaeration tank••
For the purposel of this report, it il conllidered that the influent flow data
developed from stage recording charts at the wein is reuonably accurate, except
fOl'isolated wet weather epilodes of plant by-pullinl.

Ain Ghazal Tl'eatment Plant began operation in 1969, and the wastewater fiowl
entering the plant grew IteadOy a more and mOl'e lanitary sewel'l were
coutructed within the embryo network aDd connectioDl made thereto. Thil
proce. il Itill continuinl. New connections are constaDtly beinl added u new
lewel'l become avaDable for lervice. The tributuy population il IteadOy riling 81
il the influent ftow to AGTP tOlether with ita orlanic load. The two refulee
campI within Amman have been included within the lanitary network. Re.idential
areu of various population densitiel have been connected, and additional areal
are in the procell of being connected or are proF_mmed for lervice within the
next decade.

The dynamic nature of thele proceedings makel it difficult to derive luttable per
capita valuel for use in future wutewater projections, particularly in the lilht of
incomplete data. Neverthelell, it il important that exilting data be examined and
the mOlt made of them.

To ulel. the prelent average daDy wutewater flowl and the ratio of peak hourly
to average daOy flowl, available flow chuts of the AGTP were examined. Flow
chartl prior to 1977 were nC?t avaDable. The avaDable charts were tboUlht to be
of limited reliability mostly due to the infrequency of calibrating the flow
meuurement equipment. Spot checks of the heiaht of water level above the
Sutro weir and the chart reading which reada the lame, did not correspond.
However, the average daily flows for 1978 and 1979 thl'ouah Feburary 1980 were
estimated to be around 14,000 m3/day and 16,000 m3/day, respectivelr. The
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present now is estimated at Zl,OOO m3/day. The sudden rise in the flow could be
attributed to activation of new connections to the AWSA network.

Fisure 5-1 shows a typical diurnal flow variation of AGTP. The now shows an
instantaneous peak of 180 percent of the average daily flow and an extended peak
of 140 p'!rcent of the average daily flow from 8 AM to 5PM. The extended peak
showed Eome variation from day-ta-day operation but otherwise was a typical
occurrence. A diltcussion of the design flow peaking factors as related to
population being served is included in Appendix I.

Data concerning the year to year growth in sewer connections have been furnished
by AWSA and are included in Table 5-Z. The values indicated for such connentions
reflect authol'ized connections. It is suspected that there may be as many as
1,000 illegal connections to the network, but these are not included in Table 5-Z
as they do not influence the analysis.

Table 5-Z is intended to summarize the essential elements of information, within
the constraints of data availabiUty, used to consider per capital wastewater flow
in the AWSA system based on organic loadings. As an approximation, it has been
assumed that the persons connected to the system during anyone year would be
represented by the number of connections existing at the mid-point of that year,
taken 88 an average straight line value. Flows are based upon a review of the
influent weir recording charts. Overall organic loadingll consider AGTP Analysis
Journals data.

Because of the overriding influence of the wastewater discharges from the
municipal slaughtel'house and the dumping of septage from Amman and
surrounding ureas, an attempt has been made to separate these effects from the
overall organic burden entering the AGTP. This would then leave the "normal"
contributions of municipal wutewater and other industrial wates. Such an
approach was deemed reasonable, particularly inasmuch a the municipal
slaughterhouse discharges have been by far the most significant of all industrial
discharges into the AWSA system, and those other industries which do Mscharge
to the network are apparently not characterized by large volumes and/or
strengths of wastewater.

One difficulty in deducting the slaughterhouse and septage impacts from the plant
influent has been the fragmentary nature of the data. Another problem has been
the somewhat variable levels of these operations from year to year (and even
from day to day).

For example, as Amman has grown in recent years there has also been growth in
population in neighboring areas. The traditional method of residential and other
wastewater disposal has, until recently, been via subsurface sewage disposal
system, primarily cesspools. The succeu of such disposal has been checked (see
also Chapter 6), and there has apparently been a steadily growing operation of
relieving active or incipient cesspool overflow conditions by removal of their
contents by vacuum tank truck in many areas. The tank truck septage is removed
from the premises and disposed of elsewhere. Despite the continuing extension of
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OOIISlDIIATIOM or ... CAPITA VASftVA1'D ILOI 1M AIlSA
SYS1III IASID .. OIGAIIIC LOADDGS

Itew 1973 1974 1975 ,1916 1977 1918 ill!. 1980-•10.... Coaae.:ciou

Ad... ill 7-.1' 1.108 1.144 2.368 1.495 2.154 2.652 2.250 1.46()!
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~

IoUDd off 1.900 3.100 4.800 6.700 8.~ 11.000 13.500 15.000 ~

N:rP Typic.l IDf.b _
t-J
>

Plow 103• 3/...
~- - - 11 11 14 16 21 tJ

1005 910 800 1,010 1.110 1.170 1.280 1.160 910 IzJ
-d

U1 t-JI 1.000 Ia/•• lOBS - - - - 15.2 17.9 18.6 19.1 d~ :u
Sl......cerbau8e Oper.cioDC ~

TJpic:a1 BailJ lill E
>rn

Sheep - - - - - - 900 100 ~
l:IJ
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0

aaict_ - - . - - - - 12.000 15.000 >
Yol.....3/••

tJ- - 115 115 - -'00 - - rn

1005, ../1 - - 6,400 6.400 - 6,400

1005, 1000 ta/... - - 0.7 0.7 0.9 0.7* 0.5* 0.6
(c.1c.)

SepC". Loadi....•
- 3

400 900 610901_•• /•• - - - -
(P1_t Per••
IDfo).

lOBS' ../1 - - 2.000
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..,;j

Tot.l v.atevater 1.0_ - - - - IS.2 17.9 18.6 19.1 >
Z
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IzJ
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f ~

Theoretic.1 CoDditioaa Lz1

Uoit V.atevater flow, 1cd - - - - 58 54 58 73 E
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sewer service within Amman by AWSA, thel'e appeus to be a gl'owing use of the
septage dumping manhole on the outfall sewer immediately upltl'eam of the AGTP
headworks by u many u 80 different tukers. Some of this il attributable to
growth within Amman itself, but a sf lIDificant pOl'tion is doubtlell due to
r.ontributions from neighboring eeu whl.:re septage also is generated and where
no realOnable disposal sites may exist.

The slaughterhouse opel'atiou appea',: to be growing, and it is underltood that
plans ue being made for majol' Illxpansions of the capacity for processing
chickens, and possibly othel' animalti. The analysis pl'esented· in Table 5-Z makes
certain simplifying assumptions and appl'oxim ations with I'espect to thil lOurce of
wutewater. As in the cue of the septaie, the municipal slauihterhoUie
wutewater is I'elatively small in volume but hiih in strength. These contributions
are made to a municipal wutewater that is already unusually stroni, due to the
I'elatively low quantities of wutewater bearing generally "standud" quantitiel of
human organic wutes on a pel' capita buis.

The analysis presented in Table 5-Z must, of COUl'lle, be couidered a illuat".ative
due to the nature of the data. The values pl'etented under ulWDed "average
conditions" appeu to reconcile fairly well with valuel derived from other studies
U well as being generally consistent among themselves. Therefore, the AWSA per
capita wutewater flow for 1980 is taken to be 75 lcd.

Water and Wastewater Data for Salt

The Municipality of Salt hu operated a watewater treatment plant since AprU
1980, and the fiow data derived from this operation have helped indicate the
lik~ly per capita contributiona. Table 5-3 presents a couideration of cUl'l'ent
water and wutewater data for the Municipality of Salt. The data were
incomplete and somewhat inconsistent. Howevel', an attempt wu made to obtain
a I'euonable I'econciliation of thc.e data available in order to appraite pretent
conditions and allow fol' future conditional

",

Water and Wutewater Data for Zarga and Ruseifa

Sewe~aie facilities, among other utilitiet, were studied in detail in a recent study
in early 1980.5 Per capita water and wutewater data, from their Itudy have been'
previoualy included in the summary of Table 5-1. Inumuch u there appears to be
no reuon to lubltitute other figures, their current and projected data are
accepted for purpoee of this Muter Plan study. It may be noted that the
combined domettic and commercial/industrial per capita wutewater flows are
Ie.. than those being experienced by and projected for AWSA by a significant
marpn. This is 'attributed to the somewhat greater proportion of low-income
persoDll residing in Zarqa-Ruseifa than in Amman and the much peateI' pl'oportion
of governmental facilities in the Capital City than in zarqa-Ruseifa. The daily
infiux of worker" in Amman from lIuburban ueu is believed to be a significant
factor in explaining the relatively high per capita figure in Amman. Also, Amman
bu proportionately mOl'e commel'ce than do the surrounding communities.
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TABU 5-3

CONSIDERATION or CURlENT WATEI/WASTEWATEI DATA rOI SALT

It.-
Wate~ '~oductioDa

Wate~ Deliverie.b

Wa.tevater rlove Weekday 26 .3/hr
WeebDd 18 .3/h~

Value
3,632.3/day
1,500 .3/day

620 .3/day
430 .3/day

'e~ Capita Value.
~ter '~oduetioaa

Water Deliverie.b

Wa.t..ate~ rlovc

Weekday
Weekad

3,632 .3/day/133,ooO pop'n
1,500 .3/day/33,OOO pop'n

620 .3/day/14,OOO pop'n
430 .3/day/14,OOO pop'n

110 led
45 led

44 led
31 led

0.06 kl/c/d.,
60 led
65 led
75 lcd
85 led

IOD5 (I

9500 per.oaa,570 mld-l000 ..It
11070 pe~.oDl, 720 .3/d-923 ..It
15400 pe~.OD', 1155 .3/d-BOO ..It
20500 pe~,oDl, 1740 .3/d- 706 ..It

De.ip by SCAN PLAlIf

1975
1980
1990
2000

&wate~ productioD iDfo~tioD fo~ ~. Abu ADaeb, (Salt MUDicipali~y laaiaaer).

bAccordilll to ~. Abu ADaeh only about 40 pe~ceDt of the Water produetioD it
aeeo_Ced fo~, thi. via _te~ed eo_ctio.... The UDaCcoUllted fo~ 60 pe~cenC

include. ua.te~ed clelive~ie. to Civil Defence, ri~e D.,a~t:IIIIDt, public lavata
rie., public .arde... aDd. public pazka.. It i. .....d uZ'eiD that chi. ailbt
aBJunt to rou,hl, 10 to 20 pe~ceDt of the p~oduecion aDd. that the ~_iDiDI

50 to 40 pe~cent of UUccouDted fo~ water i. clue to pipelia leaka,e, illicit
uamete~ed cOaDeetio... , aDd. ..tel' uDderre,i.tracioa.
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cThe Municipality Engineer e.timate. that no mare thaD about 43 9.rcent of
the re.id.nt. are cODDected to the ••wer .y.tam, .ay 14,000 p.r.on. maximum.
The conn.cted population might .ven be .ub.tantially 1.... Th. remainder are
either connected to an an~ient Roman or Turki.h .ewer (di.charle location not
identified) or el.e di.charle to ce••pool.. The average plant influent SOD
concentration i. not yet well e.tabli.hed becau.e only recently ha. flow-p~apor
tional sampling been undertaken. Thu., the Irab •.mple analy.e. made ~o aaCe·may
not be repre.entative. However, a..uminl 1,000 BOD§ q/l i~ typi.c.al the ·,.r capi ta
JOD contribution would be indicated a. about 620xlO'/14xlO -0.044 \81c/4aY,
P1"~lY 75 percent of the expected. The data are too lndefiaite to warr8Dc·d~av
lng CODClu.ions for the pre.ent.
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SEASONAL EFFECTS

Seasonal effects in wastewater flow are experienced and involved in the following
factors:

• Seaaonal vuiations in population tributa"y to wastewater systems.

• Seasonal vuiations in the production of wastewater.

• Wet weather infi!tration/inflow effects.

These have been considered in this Master Plan study, but it has been difficult to
quantify the effects, as explained below.

Seasonal Population Variations

Chapter 3 addressed seasonal population variations. It concluded that there was a
significant influx of workers from Saudi Arabia and other Gulf States during the
hot, summer months, these workers being then on home leave. A range of 50,000
to 70,000 such workers during July and August was Ulumed. On the other hand
arrivals and deputures of Jordanians on short trip. (vacations or bulinesi) were
though to cancel each other. The cited ruge of workers was for aD of Jordan,
but it may be presumed that the majority, perhaps 70 to 80 percent affected the
Greater Amman Area. (The data did not specify localities).

In addition to expatriate workers returning home, there appeus to be a seasonal
influx of tourists from other Middle East areas. It was auumed that most of the
visitors would stay in the Greater Amman Area during the one or two months of a
typical visit. The accumulation of (Arab) visitors reaches a peak in August with
74,000 currently. The communities of Suweileh, Jubeiba, Fuhei., and Safut were
noted as being recipients of much of the influx.

University of Jordan students did not contribute sipificantly to seasonal
variations, and there was some canceling effect of students leaving the area on
summer vacation at the same time that expatriate workers were returning to
Amman and vidnity along with foreip tourists.

It was concluded in Chapter 3 that the Amman area was particularly affected by
seasonal population variations. The data do not warrant precise evaluation of
these effects. However, an indication of pouible impact may be obtained by
simple puametric analysis,IZ viz:

• For the area tributary to AGTP, the 1980 ,. 'Yerage population has been
about 650,000 persons, of which about Z80,OOO persons (43 percent) ue
believed to have been connected with the AWSA sanitary network. Thus, if
the seaaonal influx of retUl'Ding workers located within the Greater Amman
Area were 75 percent of the total for Jordan, and if the proportion of that
number (say 45,000) tributary to AGTP were 40 percent, the seasonal influx
from this source would be 18,000/Z80,000 equals about 6 percent increase
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over base.

• If the seasonal influx of tourists from Arab countries involves 74,000
persons and of this total, half were in the AWSA 81'ea and 40 percent of the
half were tributary to the AGTP aa transients, the increase over the base
would be 15,000/Z80,000 equals about 5 percent. Other assumptions would
yield other percentages.

• If the combined influx of expatriate workers and tourists amounted to
somewhere in the range of 5 to 15 percent over bue for the AGTP (say 8
percent) this should have been reflected in the loadings experienced at the
AGTP. Unfortunately, the changing status of sewer connections being
added to the network makes it difficult to discern such effects. Even so,
there is no reason to suppose that seasonal effects of some measure were
not experienced.

• The percentages of seasonal increase over bue load at AGTP should
diminish lomewhat as sewer connections are extended, for the infiux of
seasonal visitors is not a function of the sewered population but rather of
the total population of Amman in alllikelthood.

• Where local concentrations of seasonal population are experienced, such u
in Suwelleh, Jubeiha, etc., the effects would be more pronounced tb.an in
the case of a larger system such u AWSA's. This could be of puticular
concern in the cue of local treatment facilities. Local sewer capabilities
would not be affected significantly, u the sewers 81'e normally sized for
peak conditions bued on saturation for lateral sewers and on growth
several years into the future for trunk sewers, the pealdnl factors being
quite conservative.

• As Amman Municipality continues to grow, there appears to be no reason
to anticipate that the proportion of seasonal visitors to that community,
such as it may actually be, should increase. ThUB, the effects upon
wutewater fiow being generated within Amman itaelf should probably
remain at a relatively low level (sUilested above u possibly in the rUle of
5 to 15 percent of bue) in which cue there would be no sipificant effect
upon either network design 01' treatment plant design for the purposes of
this Muter Plu.

• For outlying areas, it may be more important to make certain specific
allowances for such variations, but the available data do not justify
estimates of effects to be anticipated.

Seasonal Variations in Prod\\ction of Wastewater

Some industrial operations involve seasonal activities. Canning, for example may
entail seasonal activity. This could be a factor to be considered in agricultural
produce areas such as laqa'a Valley, where there is agricultural food processing
activity. In most areas, however, it is not believed significant.
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Among some population gl"OUpS there may tend to be a mild seasonal vuiation in
the pl"oduction of wastewatel" related to personal bathing and laundering of
clothes. DU1"iDg hot weather, some persons bathe mOl"e bequently that dU1"ing cold
weather. Also, there may be mOl"e soiling of clothing dU1"ing summer than winter.
However, it is not believed that these ue very significant factors that requil"e
special provision in Master Plan arrangements. It is expected that there may be
some exfiltration of wastewater from the AWSA sanitary sewel" network,
puticularly dU1"ing dry months of the yeu when the effects of the rainy season
have subsided. This cannot be quantified at present. It could tend to cancel the
increased wastewatel" flow dU1"ing the summer.

Wet Weather Infiltration/IDfiow

Groundwater infiltl"ation in some measU1"e is expel"ienced in most sanitary sewer
systems, puticululy those having sewer joints that are not tight and where the
subsoil becomes satU1"ated. In the case of the AWSA network, rubbel" gasket joints
in reinforced concrete pipe sewers ue standud constl"uction. The design does not
include gl"ooved spigots or bells to accomodate the gaskets, and some leakage may
be expected. The soils occasionally may become satU1"ated bom water pipeline
leakage, wet weather infiltration of rainfall/l"UDoff, and (in isolated reaches)
underground movement of cesspool septage.

AWSA construction personnel engaged in the construction of new sanituy sewer
lines have routinely been involved in dl"y tl"ench construction. Although most
constl"uction is during the dry weather, this would be indicative of a rathel" limited
infiltration tendency for the sanitary sewers. Pl"obably, the frequency and
dU1"ation of infUtl"ation are l"elated primarily to pel"iods of wet weathel". For this
purpose, a l"ate of infUtl"ation of 10 cubic meters per day per kilometel" of ZOO mm
diameter sewer pipe is assumed in the sizing of the collection system.

The innow may be via building roof dl"ains, yard dl"ains, and othel" supposedly
illegal connections. It is also \Dlderstood that manhole covers 8I'e sometimes
removed during times of street nooding in certain downtown al"eu as a means of
aiding surface drainage. Within the AWSA system, the flows within the major
trunk sewers (primary network) grow very large during heavy rainstorms and
require t~at the AGTP by by-passed in ol"der to avoid a hydl"aulic ovel"loacl. Such
conditions ue almost chuactel"istic of so-called "combined" systems, those which
delibel"ately convey both sanituy sewage and storm runoff. In the case of AWSA's
netwol"k, this is basically a condition of illegal use of the system for storm
drainage. However, this problem is expected to be diminished with
implementation of the new stOl"mwatel" dl"air..age project being undertaken by
AWSA.

Inflow conditions within the outlying reaches of AWSA's network ue not though to
pl"esent serious problems. The conservative nature of the design peaking factors
to be employed in sewer sizing makes it unnecessary to considel" inflow matters
for outlying puts of the netwol"k. In the downstl"eam puts of the network,
conditions from transitory inflow are more serious. In effect, a wet-weather peak
now is much higher than a dry weather peak flow. Even so, this is basically a
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matter of public policy regarding the Ule (or milUle) of the lanitary lewer
network, and it lhould be conlidered in thil context. In any event, the frequency
and duration of inflow are not lufficient to affect the overall planning for
wastewater quantitiel to be handled at treatment plantl a watelloadl.

INDUSTRIAL WASTEWATER QUANTrrIES

It W&I poe.ible to obtain only limited data on exilting and projected watewater
quantitiel within the Study Area. Thil limitation il not considered critical, for
reasonl dilcuued below. .

Sourcel of Data

The source. of data on indultrial activitiel, particularly thole data of relevance
to thil Wutewater Dilpolal Muter Plan Report, included the following:

Areal Considered

Zarqa and RUieifa

Jordan and certain locationa
within

Amman Indultrial Estate and
Free Trade Zone (at Sahab);
also dilcuuioDi of Free
Trade Zonee of bbid-Ramtha
and Aqaba

Amman Vicinity

Hashemite Kingdom of Jordan
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Nature of Information

Preeent and future water Ule ad
wutewater production in eeveral
lipificant induetriee. AIIO preeent
and future wute loade, employment,
and iDdUItriai wutea management
alternativee 5

Production of major indUitriel and
prope.. in egaDIion of selected
indUltrleel3,lt

Typee of indUitriea to be developed,
projectioDl of indUitriai eetate water
demad, likelihood of many iau.triee
in and around Amman relocating to
the Sahab Eetate, probabl.Y pre
treatment requiremente15

Namee and nature of induetri.,
together with product value
eltimatel16

1979 lDduetriai Survey Uointly with
Department of Statisticl) primarily'
for economic Itudy purpose.. Some
water Ule information included in the
data (relultl not yet procelled) 17
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Z81'ga - Ruseifa

The most comprehensive evalution of industria! water use and wastewater flow
has been undertaken in a recent study titled "Industria! Effluents Treatment
Report for Z81'qa-Ruseifa."S In this document, data was presented for 14
industries in Ruseifa, 3 in Awjan a! Janubi, 14 in Awjan esh Sh81'qi, and 8 in Awjan
a! Gh81'bi.

The industriel ranged from very low water-using activities such u Transjordan
Mineral Research Co., and Jordan Fiberglals Co., (producing O.Z and 0.3 m3/da
wutewater, respectively) to fairly high water use such u Phosphate MU1, Jordan
Paper Be Cardboard, and Jordan Iron Be Steel Co., (producing 1,696.0, 1,931.0, and
I,Z15.0 m3/da wutewater, respectively). The major water uteri/wastewater
dilchargers included, in addition to the above mentioned, a soap factory, a soft
drink bottling plant, a dairy, a worlted mill, a blanket factory, a tile company,
two breweriel, and a distillery. Of the total of 39 industriel considered, the
average water use was Zll.1 m3/da and the average wutewater production was
193.8 m3/da or 91.1 percent of the water use.

In the Zarqa-Ruleifa area, the average water consumption was 5.4Z m3/day per
industry, and the correlponding wutewater production averaged 4.91 m3/day.
These are relatively small Valuel and indicate that from the standpoint of volumes
of wastewater, the typel of industries currently operating in the Study Area 81'e
only of nominal significance except where they may discharge to relatively Imall
municipal wutewater systems. In the latter instance, particular attention should
be paid to the industrial wastewater quantity.

Industrial Development Bank

The nature of major industries in Jordan is indicated in Table 5-4 taken from a
recent Industrial Development Bank Report.14 The majority of these industries
are located within the Greater Amman Area. The Indus'trial Deve!opment Bank'i
Annual Reports for 1911 and 197814 note certain activities of interest such as
Ministry of Trade and Industry licenses issued, viz:

Item 1976 1971 1918

Number of licenses ilsued for
industrial projects Z03 lZ9 110

Total investment in new industries
licensed, JD million 16 Z3 35

Total investment per license,
JD million 0.019 0.118 0.318
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TABLE 5-4

PIIODUCTIOII 01' 1lAJ0il DDUSTRDS 1M .JOIDAHa

PIODUCTS OIII!' 1976 1971 1978 I of CBAHGE 11-18d

Pbosphate OOO's to.. 1181 1169.3 2328.7 11.6
C-.ent It OOO's to.. 586.4 531.6 552.9 2.8
Petro1eua Product8 OOO's to.. 1145.5 1145.3 1396.6 21.9.
Sole Leather. Iloo1 & Hair tODS 162.3 345.5 191.8 (42.1)
Upper Leather OOO's ft. 2910.1 2813.9 2826 (1.1)
Po....er Soap and DeterleDt tau 5027 6026.1 1090.9 17.6
Liquid Batteries ooo's Unit 41 51.3 44.4 (13.5)
Ciaarettee toDS 2407 2100 2851.6 5.6
Paper toDS 5360 5228 4621.1 (11.6)
IroD tODS 42449 11605 65290 (15.9)
ElectricityC 1li.11-11ft1 323.1 401.3 489.1 22

u- Textile OOO's yards 915.8 . 869.8 1140.8 31.1I- Podder 50933 63182 51841 (18 )-..I tau
Pba~ceutical Products
Liquid Products ooo's It. 440.1 485.2 496.1 2.3
OiD~Dts.t'ablets& Others toDS 99.6 131.3 142.8 4
Industrial ProductioD iade. 1966-100 21.9.3 242.9 266.1 9.8

4u.ta fra. MOnthly Statistical IulletiD, ceat~al lank of .Jord.., as published in lDdustrial Develo,.ent
Bank's Fourteenth Aaaaul Report & "lance &beet, 1978.11

bTiab fiaure iacludes !be Arab aa-ica1 DeterleDts lDduatries Co., Ltd., production.

Cpiaures represeDt the _t of electriciQ leaerated iD~ area ouy.

dDaere vas a sliaht iocr..se 10 the overall iade. for iDduatrial productioo fr_ 1911 to 1918, despite
..... products cateprie••boId.. decliae••

/
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Clearly, the Government policy of encoUl'aging and planning for healthy industrial
growth is reflected in the above data. The total investment per license has
increased dl'amatically in the three-year period. Some of this is due to inflation,
presumably, but the major factor is probably the increasing size and complexity of
the average industry being licensed. It was noted in the 1911 report13 that brisk
activity in the industrial sector was favorably affected by the virtual stoppage of
land speculation and decrease in real estate investment. .

The data in Table S-4 represent the entire country, but essentially all of the types
of industries shown lie within the Greater Amman Area. Table 5-5 is a summary
of the typical industries and present and future industrial development by location
in the Study Area. It is evident that the mai11 industrial activities within the
Municipality of Amman is located in Marqa, while the future development is
planned for the new industrial cities. As will be discussed subsequently, a number
of the existing industries in Amman and vicinity are relocating their operations to
these planned industrial cities.

The foregoing information is somewhat general but assists in indicating the nature
of the continuing industrial development. It is noted that only a few of the
industries cited are so-called "wet-industries" (those that couume relatively large
amounts of water and, correspondingly, produce large volumes of industrial
wastewater).

Industrial Estates and Free Trade Zones

The Master Plan and Preliminary Engineering Report, prepeed for NPC and the
Industrial Development Bank, contained certain planning information on the Sahab
Industrial Estate and the Free Trade Zones at Sahab, Aqaba, and Irbid-Ramtha.15
The study reported that of lZ9 licensees (medium-sized industries) by the Ministry
of Industry and Trade in 1917, by J1me, 1918, nearly 45 percent were still looking
for factory sites and accommodations for their planned projects. At the same
time, neely 30 percent of the 340 small enterprise license holders were prepued
to move into an industrial estate. It wu speculated that if this same rate of site
looking development were to continue for two more years, Sahab Industrial Estate
would soon have a large waiting list of some Z40 factories desiring to locate
there.

As reguds the Sahab Free Trade Zone, it was indicated that there would be some
Z40 factories coming into operation during Phase I of the Development of the
Amman Industrial Estate (at Sabab). Ultimately, over 100 factories would be
located there. The planning includes segregation of food and pharmaceutical
industries, electronic and electrical industries, and printing industries from the
so-called "noxious industries," woodworking industries, and metal industries.
"Noxious industries" ,vere considered to be those that would give rise to air,
water, and noise pollution, and solid waste problems, and extensive control
measures were recommended for these industries. The areas allocated to various
industry types were as follows:
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TABLE S"S

StHWlY or INDUSTaIAL DEVELO!'MENT

IN THE STUDY AREA

~

Municipality of Amman

Type of Indultry
and PI'.lent Developa.ntl

(dunu_>

1980 - 2000
Additional Potential

bavelop_nc
(dUD"I>

Karqa, Queilmah-Wahdat

Outlide ...
Karj el H ADd
Na'ul' Road

Na'ul'
Ain el Balha, ADd
Beqa'a area
Salt
Abu Alanda ad Raj ib

Sahab
Jiza
Balhwya
Wadi el Sir

Suveileh

Lilht iDdultl'i.l, worklhops,
bilcuitl, lelama, tl'ico, paiDtl,
deterlentl, paintiDI, Ihoel,
plaltic, laael (18'0)
MOlcly ia Hal'qa
Plaltic, pharmac.utic~l, juice,
bbcuicI, _tal, l0odunUIIII.
(600)

Pha~Eutical (84)
Plaltic, juice, daterlentl,
buildial ..tel'iall (50)

Pharmaceutical (84)
Paiat, pipel, juice, textile
(600)

ladultl'ial City (0)

IUUltl'ial City (0)

luulcrial City (0)

DI'UII, potato chipI, ice cl'e..
(44)
rumiture, wOl'klhopl (30)
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Industry Type

"Noxious and Pollution"

Medium

Light:

Area, hectares Remarks

15.09 ZO-Z5 special indu.tries

Z6.l4 About 30 factories

Electronic Be Electrical
Food Be Pharmaceutical

Printing

Woodworking

Metal Fabrication

Small Industries (Sub-Zone)

ll.3Z
9.75

7.Z9

0.11
9.38

19.70

About lZ factories
About 17 inatallatiolUl

Very small factories
Larger woodworking, including
electric sub-station area
about l5-Z0 factories

Many small, low-capital
industries bom Amman, Zarqa,
Na'ur, Suweileh, and Abu
Alal1da (engaged in furniture
making and repain, motor
workahopl, vehicle painting,
light metal fabrication,
garment maldna etc.) would be
relocated here.

Within the above-listed industries, the study listed several candidate industries.
Some potential watel'-using, wastewater-producing industries appeared to include:

• Irrigation system and equipment (small pumps, sprinklers, and control
mechanisms). However, if this were merely a system. auembly plant
there would probably not be much water use.

• Electroforming and plating

• High quality locks.

• Metal fabrication for equipment for refinery, chemical plants and mining
industry (particularly if pickling, plating, and other finishing processes
were included).

• Washing machines (unless these were merely assembly plants).

• Plastics industries (but limited amounts if, as suggested, the industries
were of the secondary type)
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• Glucose manufacturing

• Paultry procesling and freezing

• Animal feed

• Aircraft service

• Polyvinyl chloride manufacture

• Army rationl, including canned food

The Itudy Itatel that Phase I development would accommodate a working
population of 7,000 to 10,000, that the waltewater flow was aslumed to averale
545 lcd, this being approximately equal to the water cOlllumption. ThU8, thole
"wet" indultriel that are pre.ent are anticipated to have couiderable impact on
the wutewater volumel. The Itudy notes that a wutawater treatment plant
would be provided to treat the wutewater lenerated.

Supplemental information from the Trade Zone Corporation indicated that this
governmental &lency operatel for the development of tax-exempt area. for
commercial and indultrial projectl and hal two current project. within the
Greater Amman Area.ZO The.e are located in the Zarqa-Huhimiya area and
Queen Alia Airport Complex, respectively.

The Zarqa-Huhimiya's indultrial lector will comprise 640 dunuml of indulltrial
space and lome 104 factoriel, the nature of which has only been lIullelted but not
finalized. Priority iDdulltriM beinl couidered are slaupterhoU8e, meatpackinl,
freezinl, printing, publilhing, educational equipment, metal and metal
tranlforminl, electrical, electronicl, pluticl, food and pharmaceutical, non
metallic minerall, woodworkinl, toye, textiles, larmentl, travel loodl, lhip and
aircraft service, chemicals, and "defellle." The timiDi of thill development il
indicated to be about 1989 for completion. A local .ewer system and wutewater
treatment plant are planned for thil development. The cQmmercialaector of this
Free Trade Zone will b.\volve warehoUiell, automobile showrooms, commercial
outlets, and adminiltrative center.

It il planned that the priority indultries within the Queen Alia Airport Complex
will be lenerally limilar to thOle in the Zarqa-Huhimiya Free Trade Zone's
indultrial sector, althoup the former's extent will be only about 83 percent of the
latter in terms of space. Much of the Queen Alia site will be devoted to
warehousing, transportation and usembly, packaatDl of consumer loodl,
electronics, and air shipment of related items. There hu been lOme consideration
given to aircraft industry support and maintenance, also.

Amm an Chamber of Indulltry

The Amman Chamber of Industry hal compiled general information on hundreds of
indultries of various sizes in Amman and vicinity. Information include~ name,
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capital, production, site, address, "machineries," and official representative. No
physical data were included. Major categories (mostly manufacturing) of
industries include pharmaceutical, veterinary, medical (laboratories), dairy
products, fodder, preserved food, confectionaries, wheat flour (mills), soft drinks,
ice cream, fertilizer, tanneries, poultry farms, batteries, paint, soap, pesticides.

A listing of some typical industries in the Greater Amman Area is included in
Appendix D. The listing affirms the variety, locations and the small size of these
industries. The major industries in the Municip,ality of Amman are located in
Marqa. Small workshops and other small factories can be found throughout the
Municipality and especially in Wahdat, Queismeh area. Outside the Munidpality
of Amman, industries can be found in Marj el Hamam, Ain el Basha and Abu
Alanda-Ragib area.

In view of the limitations on available data concerning existing industries within
the Greater Amman area, a limited reconnaissance was conducted of some
selected induatries. The objective was to gather information concerning
activities, water usage, wastewater production and other relevant information of
interest to the Master Plan. It was concluded that only some of the small
industries in the Marqa area are served by AWSA while the majority of industries
use sub-surface disposal systems. Except for a few large water consuming
industries identified in Appendbt D, the water consumption rates reported were in
the range of 3 to 5 m3/day while the wastewater generation, mainly domestic,
were between 1 to Z m3/day.

Dar AI-Handasa/NPC Industrial Programming Study

Dar AI-Handasa, under NPC contract and with NPC and Department of Statistics
collaboration, conducted an industrial survey covering the entire Hashemite
Kingdom of Jordan. The objective of this survey and the related industrial
programming st~dy was to develop an indu::itrial program for incorporation il'1 the
1980-85 Five-Year Plan. The entire project is scheduled for completion by IInd
1981. Heavy emphasis was placed upon economics and only minor emphasis on
physical factors bearing upon wastewater production.1S .

For example, the questionnaire that was circulated did' include a subsector
element pertaining to utilities and infrastructure, and its also included questions
about the water supply. The questions were primarily related to the adequacy and
cost of the supply such as might influence the economics of the plant's operation
and possible interests in relocation. The questionnaire solicited information as to
water rates, shortages, water price, discounts, total portion of utilities bill
represented by water, prospects for increases in consumption, extent to which
water supply might be a constraint on expansion, and percentage of total
production costs represented by water supply. Such information might, of course,
be of some interest to the Master Plan for Wastewater Disposal, provided it were
in the proper form. Unfortunately, the data was not scheduled to be compiled
until the end of 1980 and then only according to industrial sector and, possibly,
region.
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SUMMARY OF INDUSTRIAL ACTMTY AND WASTEWATER DISCHARGES

With the exception of the Zarqa-Ruseifa study work,1 so-called "wet industries"
are not a meLjor factor in the Study Area at present, nor will they apparently be so
in the futl'ze. The only existing sewer system involved with industrial wastes
appears to be the AWSA system, but the industrial waste"ater contributions are
apparently nominal. The organic waste load contributions of the municipal
slaughterhouse are major, as indicated earlier, but the volumetric contributions
(in relation to the total flow) are minor.

Many of the industries within the Study Area are contemplating a shift to the
Amm an Industrial Estate at Sahab. Industries are to be attracted to this and
other Industrial Estates and Free Trade Zones. Inasmuch as these areas are new,
controls will be exerted over industrial waste discharges. Also the Government
will encourage that industrial water supply be used judiciously and 'l1astage
avoided because of general water shortages.' Steps are already being taken by the
consultants involved to account for the industrial wastewater flow in centralized
collection and treatment facilities.

Many water-using indust:ies are located apart from municipal and sewerage water
systems and cUl'rently have private supply sources as well as local disposal
facilities. The petroleum refinery and cement plant are examples of this. They
can be dealt with as point source discharge users in later considerations.

This matter of industrial wastewater quantities should be reexamined in future
years as the Industrial Estates and Free Trade Zones become better established.
A general discussion on industrial wastewater composition and loadings is included
in Appendix D.

Summary of Per Capita Wastewater Flows

In consideration of the foregoing, the following per capita wastewater flows are
adopted in ~his Master Plan report for the areas designated, such values including
all residential, municipal (governmental), commercial, and industrial contributions
except as otherwise noted:

Per Capita Wastewater, liters/capita/daY

Area 1980 1990 ZOOO

Amman (AWSA) 15 85 95
SubUl'ban Ring 85 95 105
Za~"qa 63 7Z 80
Ruseifa SO 63 71
New Cities 65 75 85
Other SO 60 70
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For the purpose of this Master Plan report, it was felt reasonable to allow for a
modest annual increase in future per capita wastewater ,~lows from residents,
businesses, and moderate industries within the AWSA .:; T atary network. As
previously mentioned, it is anticipated that some relief of water shortages will
occur imminently, and while there will still be a need for the public to use water
wisely and avoid wastes, there is reason to expect some increases in water
consumption and wastewater production.

DISAGGREGATION OF WATER AND WASTEWATER QUANTITIES

The foregoing per capita values for various population areas are combined witb
the population projections for 1990 and ZOOO presented previously in Chapter 3 to
provide a general disaggregation of wastewater quantities according to network
drainage areas as presented subsequently in Chapter 8. Table 5-6 presents the
basic disaggregation of water and wastewater quantities.

NON-INDUSTRIAL WASTEWATER COMPOSmON AND LOADINGS

In the United States, typical unit loadings where food waste is not ground up and
added to the sewer are 80 g/c/d of BOD5 and 90 g/c/d of suspended solids. This
occurs with average wastewater contribution in the range of 380 lIc/d. By
comparison the 60 g/c/d numbers developed for the AWSA system seem
reasonable as they represent a water consumption less than one-quarter of that in
the United States and a lower average standard of living.

NON-INDUSTRIAL WASTEWATER COMPOSmON

As presented in Table S-Z, it appears that unit waste loadings of 60 g/c/d BODS
are appropriate for the Ain Ghazal Treatment Plant and the AWSA system. This
value gives results that agree with the number of house connections and estimated
wastewater production per capita. The most recent evaluation of suspended solids
concentrations and loadings at the plant indicates that a loading of 60 g/c/d also
is appropriate.

The plant records of lab tests performed were reviewed for the period December
1978 to July 1980. The tests most relevant to this study were the suspended solids
of BODS of the raw sewage, primary effluent, and final effluent. These tests are
performed on a bi-weekly basis.

Samples are manually collected at two hour intervals and proportioned to the flow
by the laboratory technician to get a twenty-four hour composite sample. These
samples are analyzed in the Ain Ghazal Treatment Plant laboratory. The results
of these tests are presented in Figures 5-Z and 5-3. There are large variations in
the concentration of both suspended solids and BODS. No trends are apparent.
The means and standard deviations of these parameters are presented below:
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apopulation data are taken fra. Table 3-13. These vere developed in consideration of tova plans
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PRESENT AND FUTURE WASTE LOADS

~5 SUlpended Solidi

Standard Standud
Mean Deviation Mean Deviation
(mg/l) (mg/l) hug/l) (miln

Raw Wastewater 107Z 3Z0 1015 3Z5

Primary Effluent 657 ZZ6 590 ZOI

Secondary Effluent 55 30 78 48

It is anticipated that the concentration of the wastewater constituentl will
decrease with time as the available water supply increales i.e., the mal loadina
of these constituents will remain the same while being diluted by increaed water
consumption. .

NON-INDUSTRIAL WASTEWATER LOADINGS

The only long-term data available on laadinas are found at AGTP al thil wu the
only municipal treatment plant in the Kinadom until very recently. The AWSA
values are uled for estimates in other communities as it is prelumed that the unit
mas loadings of wute produced will remain the same despite vuyl. unit
wastewater production. This gives rile to varyina raw watewater quality
concentrations dependent on the amount of water consumed pel' capita.
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PRESENT AND FUTURE WASTE LOADS
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CHAPTBR6

APPRAISAL OF EXISTING \yASTBWATER poACILITIIS

Prior to development of alternative wastewater management sylteml, the
exilting wastewater facilitiel muat be examined to UleSI their capabilities to
handle prelent and future loadings during thil Itudy period. Optimization of
exilting operationl through upgrading and expanding of the exi.ting facilities
should be attempted prior to recommendation. of new ones. The apprailal of the
exilting wastewater facilitiel will be dilcusled in thil Chapter and serve U an
input for the management facilities covered in Chapter 8.

At present, the major collection/treatment Iyltem within the Greater Amman
Area is the Amman Water and Sewerage Authority"AWSA" Syltem lervini the
Municipality of Amman. Salt il the other city within the Study Area which hal itl
own lewerage facilitiel. Kini Huslein Medical Center il allO served by a lewage
treatment facility. Barring a few package treatment facilitiel utilized mOltly on
a temporary buil for public inltallationl and houaini developments, the
aforementioned facilities are the only ones operated within the Study Area. The
remainder of the Study Area il served by septic tank IYltems.

The following is an Ulellment of the collection/treatment facilitiel cited above.

AWSASYSTBM

The conltruction of the AWSA firlt stage wastewater collection Iyltem wal
started in 1963 and completed in 1968. The work executed during thil period
compriled the cOnltruction of the Ain Ghazal Sewaie Treatment Plant and the
main trunk lewerl. The second Itaae Ituted ript after the fint Itaie wu
completed and included the expansion of the exilting collection Iystem to cover
the central put of the city and the three main Jebell, namely Jebel Amman,
Jebel Webdeh and Jebel HUllein. The work under the second construction Itaie
included also a trunk line, lerving the Univenity of Jordan uea and tytns lame to
the AGTP. A detailed description of the wastewater collection facilitiel may be
found in varioul studies prepued by AWSA.l,Z

AWSA WASTEWATER COLLECTION SYSTEM

The AWSA collection system COnliltl of over Z30 km of lateral sewel'l and 18 km
of trunk sewen, virtually all Oowing by iravity to the AGTP•. The exceptions are
the Univerlity of Jordan area for which the wutewater generated il pumped over
an intervening hill to a main sewer, and the Amman Airport area which il not in
the AGTP cb:ainqe area and must therefore pump itl wastewater back to the
plant.

Although it is eltimated that only about 43 percent of the population il connected
to the collection system, 7S percent of the Municipality of Amman area il in a
pOli tion to be served by the AWSA collection system by virtue of the prelence of
sanituy sewers in the streetl. (Many potential contributorl have not yet
connected.) The collection system il currently being further expanded under
Contractl IS, 4WS, SWS and 6WS to serve various areal of the Municipality.

6-1
\ I



APPRAISAL OF EXISTING WASTEWATER FACn.rrIES

The scope of work for thi. Ma.ter Plan include. an evaluation of the existing
AWSA system. Of major importance are the two main trunk lewers and their
capacities to handle the future flowl [ienerated from the Municipality of Amman
and surrounding area. The two trunk lines are:

• Thf! lUain trunk line running through the center of the city and dilcharging
into the AGTP. It con_iltl of approximately 10.4 km of sewerl ranginll in
lize from ZOO mm to !ZOO mm, and

• The Univerlity of Jordan trunk lewer which il approximately 7.Z
kilometerl long and con_i.ts of sewer pipe with diameterl of ~OO, 300 and
400 mm. The.e trunk lewe.. are Ihown in Fipe 6-1.

In evaluating a waltewater collection Iy.tem, two b.4portant upectl mUlt be
conlidered: the phylical condition of the Iy.tem; r.nd it. hydraulic "carrying"
capacity. The phylical condition of the Iyltem m,••t be determined, through a
field lurvey while the hydraulic adequacy can be i'.etermined tr."OUlh the Ule of
projected wa.tewater flow ratel, lewer profile. an'~ hydraulic calculationl.

PhYlical Survey

The ph"sical lurvey of a collection sy_tem il performed to determine the general
flow characteriitici of the sewerl, i.e., wheJ'her flowinl partially full, full, 01'

IUI'chU'ged; Foundwater levell, infiltration/inflow and the phylical condition of
tbe lewerl. In the GreY-tel' Amman Area, the Iroundwater table il too far below
the lewerl' leve: to caule any infiltration problemI durinl the dry leuon. On the
contrary, ea..filttation il expected to occur through cracu, loo.e jointl and
manhole walil.

It wa beyond the ICOpe of work to make a detaUed inveltigation into phy.ical
conditioDl in the AWSA network, but it WI', intended that at lealt a cur.ory
investigation be '~Uldertaken for two buic purposel:

• To aid in the .Iellment of the key trunk lewen in conveyiq additional
flow (e.peclaDy from areas outlide Amman) to the Ain Ghazal Treatment
Plut.

• To yield pneral information .. to the suitabiJ.ity of the local concrete,
lewer pipe for lanitary lewer application in Amman and ellewhere in the
Greater Amman Area, both at present and under future conditions.

Unfortunately, difficulties in openinl street manholel, lack of lafety and
monitorinl equipmeD.t for '!ntry into manholel, and inability to inspect manholel
in the public rilht-of-way, combined to make network inlpection difficult. ThUl,
the investigation was of a qualitative and subjective nature, based upon vilUal
oblervationl from street level in a limited number of manholel. Despite this
limitation, the following seemed to be reprelentative ob.ervatioDl:

• Velocitie. were uniformly high even at off-peak flowi.
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APPRAISAL OF EXISTING WASTEWATER FACILITIES

• There was no obvioul prelence of hycboogen sulfide in the atmosphere, not
even at the manhole several hunc'.I'l!d meters downltream from the
discharge of the Univerlity Pumping Station force main.

• Interior surfaces of the concrete manholes did not appear to have
sustained much deterioration, nor did the manhole rungs suffer from
sulfide/sulfuric acid attack.

• No evidence could be seen from above of deterioration of the concrete
sewer conduits. Flow surfaces, where visible, appeared to be smooth and
undamaged.

• Detailed discullions of corrolion conliderationl due to hydrogen lulfide
and flow gaging of the the AWSA are prelented in Appendix E.

Hycboaulic Ca2!.city

Hydraulic anuysil of a waltewater collection system relates projected
waltewater flow ratel to the carrying capacity of the receiving sewel'l and trunk
lines based on their sizes and Ilopel. Sewel'l determined not to have the carrying
capacity must be paralleled or part of the flow diverted elsewhere. L;; moet cuel,
the former corrective meuure is more feuible.

To determine the projected wutewater flow r,'atel, the City of Amman and the
portions of the Suburban Ring that are!n the Seil Zarqa elfainage have been divided
into ten chainage subareu, as shown in Figure 6-1. Thil \va done to simplify the
analysis of the exiltingsystem and to allow ~be projected powth that will occur
within the immediate vicinity of Amman to'Je incorporate\i more readUy into the
analysis. The projected wutewater flowl for the year'J 1900 and ZOOO were
determined an" are prelented in Table 6-1, which allO providel data on population
projectionl, a,,,orage daily wutewater floWI, peaking factorl, infiltration and
total peak wutewater flows for each subuea. The population projections and
waltewater flows are calculated Uling information prelellted in Chapterl 3 and 5.

The domeltic flows for lubarea A were determined by multiplyine the projected
1990 population by an average flow of 100 liteI'I per capita per day (1cd) and the
projected ZOOO population by an averale flow of lZ0 lcd. The domeltic flowl for
lubarea B through J were determined by multiplyilll the projected 1990
populations by an average flow of 85 lcd and the projected ZOOO populatioDl by an
average flow of 95 lcd. The average per capita contributioDl in subarea A are
expected to be higher than thOle for the other subarea becaUie the relidents in
lubarea A 81''' in the higher income bracketl and thil type o{ relidentlal area
ty.,ically exhibits higher per capita wutewater flow contributiou.

The peaking fact.ors for the cumulative flowl were obtained from the graph in 
Figure 1-1, Appendix L The factOI'I in the graph which relate to population
served, are then applied to the average daily flow generated to obtain the peak
hourly flows. The peaking factors used in Table 6-1 range between 1.8 to Z which
wal felt to be a good representation of the pea,king conditiou for the size drainage
areu being analyzed.
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APPRAISAL OF EXIS11NG WASTEWATER FAC~ITIES

The infiltration I'ate was determined by using the rate of 10 cubic meters pel' day
per kilometer of ZOO millimetel' (mm) diameter sewer pipe, (about 500 gallons per
day per inch diameter per mile of sewer pipe). The total infiltration flow in the
propoled network upltream from Wadi Abdoun amounted to 14 percent of the
projected 1990 droy weather flow. The 14 percent fiaure was also applied to the
projected dry weather flowl in the exilting AWSA system since the lengths and
sizel of the varioul linel in the Amman Area are not available. No change in the
filtration rates il expected between 1990 and ZOOO. An additional allowance for
industrial flow of 40 liters per second has been added to the flows in subarea E.

The points on the trunk sewer delineated by letters in Fipe 6-1 reprelent the
locationa to which all of the wastewater in each subarea droaina. The existing
AWSA trunk sewer begins at a point upltream of Point B and terminatel at AGTP
located between points G ad H. The reach of trunk sewer in each lubarea wal
subjected to hydraulic analylis to determine itl maximum capacity uling the
Manning formula fol' open channel flow. The Manning roughneu coefficient, "n",
was aslumed to be 0.013, which il the t \ue that il generally accepted for
reinforced con.crete sewer pipe. A field telt was performed as part of thil Muter
Plan to ve7.'ify the value of "n" for selected sections of the AWSA Iyltem. A
discussion of the field test is presented in Appendix E, and the relults indicate
that an "n" of 0.013 is a fail' approximation of the actual field conditioDi.

In order to determine the adequacy of the exilting trunk Iyltem, the projected
peak flow rates for the yearl 1990 and ZOOO were compared to the capacity of the
syltems under flowing full conditiODI. No lurcharging was allowed. The
comparilon wu carried out for two leparate conditioDiI (1) where all of the
wastewater in the droainage subareas flowl by gravity to the AGTP; and (Z) where
a portion of the wastewtaer from lubarea A il diverted to a new treatment plant
being considered at Wadi AbdoUD, hereinafter called the Upper Wadi Abdoun
Treatment Plant (UWATP). The comparilon il summarized in Table 6-Z and il
delcribed below for the reach of trunk sewer in each 8ubarea.

TABLE 6-Z

AWSA TRUNK SEWER CAPACrrIES

Trunk Sewer Reach Projected Wastewater Flows (II_c) Capacity
Point to Point Without UWATP With UWATP RatiJ!la

1990 ~ !2!! ZOOO

A B 443 817 197 367 311
B C 1,153 1,904 907 1,394 1,300
C D 1,180 Z,363 1,475 1,853 1,300
D E 1,8Z3 Z,690 1,577 Z,316 1,700
E F Z,098 3,ZOO 1,85Z Z,710 Z,140
F G Z,Z17 3,4Z6 1,971 Z,917 Z,140
G AGTP Z,Z37 3,483 1,990 Z,973 Z,500

a Rating for a trunk reach il bued on the minimum capacity of the trunk within
that reach. Unitl are lIlec.
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APPRAISAL OF EXISTING WASTEWATER FACILITIES

Subarea A. A sewage collection system dOlil9 not exist in this subal'ea; however, it
is in the planning stage and will be sized to accommodate the yeai' ZOOO projected
contributary population. AWSA has undertaken a design of two sewage pumping
stations to pump wastewater from a portion of this area (near the 7th and 6th
Circles, Jabal Amman) across the divide near the 6th circle aDd into an existing
trunk sewer. The pumping operation would be necessary rather than gravity
sewerage to the AWSA primary network, because currently, there is insufficient
development along the gravity route to be warrant its construction. However, the
UWATP, if built, could receive flow by gravity from these and other developed
upstream areas, thus eliminating the need for the proposed sewage pumping
stations.

Subarea B. The existing trunk sewer begins in this subarea and has a maximum
capacity of 317 liters per second. The trunk appears to have adequate capacity
for the 1980 wastewater flows. The data in Table 6-Z ir~,dicate that the projected
wastewater flow will exceed the capacity of the existing trunk sewer before 1990
if the UWATP is not built, and between 1990 and ZOOO if the UWATP is built. To
provide adequate capacity in this subarea, the existing trunk sewer will need to be
paralleled with the following lengths of sewer pipe before year ZOOO:

Pipe
Diameter

(mm)

1000

900

800

700

600

500

400

300

Pipe Length (m)
Without UWATP With UWATP

o 0

o 0

186 0

110 0

550 0

o 0

o 186

o 110

The required additional sewer pipes represent the recommended size sewers
needed to provide the additional carrying capacity when constructed at slopes
similar to those being paralleled. While some of the suggested sizes may be
changed during the course of actual design, the lengths and sizes shown are
indicative of the extent of relief required and provide a good basis for cost
estimating purposes. For programming and budgeting purposes an additional cost
allowance will be made in subsequent chapters.

Subarea C. The trunk sewer in this subarea has a maximum capacity of 1,300
liters per second and appears to have adequate capacity for both projected 1990
fiows, but does not have adequate capacity for either of the projected ZOOO flows.
The sewer pipe listed below should provide sufficient additional capacity to
accommodate the year ZOOO.
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APPRAISAL OF EXISTING WASTEWATER FACaITIES

Pipe
Diameter

(mm)

1000

900

800

700

600

500

400

300

Pipe Length (m)
Without UWATP With UWATP

109 0

44 0

310 109

Z17 68

315 104

476 346

58 0

o 0

Subarea D. The trunk sewer in this subarea has a maximum capacity of 1,300
liteI'll per second and appears to have adequate capacity for the existing
wastewater flowi. According to the hydraulic analylil, the wutewater flows
should exceed the trunk'. capacity between 1985 and 1990 if the UWATP i. Dot
built. If the UWATP is buUt, the nowl are expected to exceed the capacity of the
trunk sewer between 1990 and ZOOO. The sewer pipe lilted below should provide
sufficient additiona! capacity to accommodate the year ZOOO now••

Pipe
Diameter

(mm)

1000

900

800

700

600

500

400

300

Pipe Length (m)
Without UWATP With UWATP

6Z4 0

7Z8 394

38Z Z30

301 7S7

lIZ 33Z

45 Z41

ZS 83

o S4
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APPRAISAL OF EXISTING WASTEWATER FACD..ITIES

University of Jordan Trunk Sewer

The University of Jordan trunk sewer is also located in subarea D. The University
is located in subarea A, but wastewater from the University flows by gravity to a
pump station that pumps the wastewater over an intervening hUI and into subuea
D. This trunk sewer currently is swocharged dwoing peak flow periods, and AWSA
plans to parallel the trunk to alleviate the surcharging. Information concerning
the lengths and sizes of the proposed parallel lines was not available at the time
this report was written. However, an hydraulic analysis of the existing trunk
sewer was curied out as put of this Master Plan and the results of the analysis
were combined with population projections and estimated per-capita wastewater
flow rates for the uea to approximate the sizes and lengths of sewer pipe that
would be required to alleviate the surcharging. Because the area around the
University is growing rapidly, a collection system to which the University could
co~ect will be required by 1990. The pump station and force main may then be
abandoned and the flow would no longer be cai'ried by the trunk in subarea D.
Instead it will now by gravity to UWATP through a new interceptor as will be
discussed in Chapter 8.

Pipe Length (m)
Pipe

Diameter
(mm)

1000

900

800

700

600

500

400

300

ZOO

Without UWATP

o
o

88

o
60

317

1,134

3,371

I,Z90

With UWATP

o
o

88

o
o

Z04

3Z8

1,376

1,907

Subareas E, F and G. The data in Table 6-Z indicate that the maximum capacity
of the trunk sewer in subarea E is Z,140 liters per second. The capacity of the
trunk sewer in subarea E will be exceeded by 1990 regudless of whether or not
the UWATP is built.

It was determined that the capacity of the trunk sewer in subarea F is Z,140 liters
per second and that this capacity will be exceeded between 1990 and ZOOO
whether or not UWATP is bull t.

The estimated capacity of the trunk sewer in subarea G is 3,000 liters per second
according to the hydraulic calculations of this study. This suggests that the trunk
sewer's capacity will be exceeded by 1990 if UWATP is not built and between 1990
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and ZOOO if UWATP is built.

The data developed for thil study were used to determine the sizes and lengths of
sewer pipe that would be required to parallel the existing trunk sewer and provide
adequate capacity through the study period. This info~mation is presented in the
following table for subareas E, F and G.

Pipe
Diameter

(mm)
Pipe Length (m)

Without UWATP With UWATP

1000

900

800

700

600

500
400

300

875

o
3Z4

87

63Z

955
o
o

o
o

766

114

3Z4

111
o
o

Subarea H. A short section of the existing trunk sewer il located in this lubarea
terminating at AGTP. The capacity of the tl'unk is calculated to be Z,500 litel's
per second and the flow is expected to be higher between 1990 and ZOOO under
both conditions in Table 6-Z. The invert elevation of the tl'unk il approximately
three meters lowel' than the inOuent weii' wall at the AGTP. Thil cauael flow to
back up in the trunk line for a diltance of aproximately 700 metel'l. Solids are
allO trapped upltream of the headwol'kl which mUlt be cleaned manually. The
weir wall wu pl'ovided u such to act u a tl'ap to keep I'ockl fl'om entering the
plant at high velocities. Hnwever, this objective may be accomplished throulh
other more efficient meanl without caulinl the flow to back up in the trunk
system. This pl'oblem will be eliminated U part of the AGTP impl'Ovementl,
which il disculled in detail in Chaptel's 8 and 9. The sizes and lenphl of sewel'
pipe that will be needed to pl'Ovide adequate capacity in this trunk reach are
lilted below:

Pipe
Diameter

(mm)

1000

900
800

700

Pipe Length (m)
Without UWATP With UWATP

o 0

o 0

o 0

116 114
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(Continued)

Summary

Pipe
Diameter

(mm)

600

500

400

300

Pipe Lenllth (m)
Without UWATP With UWATP

o 0

o 0

o 0

o 0

Neither the main trunk sewer nor the Univer.ity of Jordan trunk .ewer will be
able to accommodate the projected wutewater flawl throullh the .tudy period.
The conatruction of UWATP will reduce aipificantly the amount of para1I.Unl
that mUit be done to provide .ufficient capacity in the trunk ....e" throulh the
Itudy period. The fact remaiDl, however, that lOme of the trunk .elment. mUit
be paralleled to eliminate the po••ibility of .urcharlinl under p.ak d••ian
waltewater flow rate.. The total l.nlths of lewer pipe that ue requir.d to
accompli.h thil are lummarized in the followinl table.

Pip~

Diameter
(mm}

1000

900

800

700

600

500

400

300

ZOO

Pipe Lenlth (m)
Without UWATP With UWATP

1,608 0
77Z 394

1,Z90 1,193

831 1,053

1,669 760

1,193 90Z

1,Z17 597

3,371 1,540

1,Z90 1,907

A dilculsion of the step. that mUlt be taken and the co.t. involved in brinpnl the
exilting trWlk lewer up to capacity are presented in Chapterl 8 and 9.

University of Jordan Pumpinl Station

The Univerlity pumpi. Itation, built .in 1970, pump. the wutewater collected
from the University of Jordan, University HOlpital and the Univerllty houlinl
project throup ZOO m of ZOO mm elia. force main to the AWSA collection ay.t.m

6-10
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where it flows by gravity to the AGTP. The pumping station is provided with three
2,9 hp, Flygt submersible pumps, each rated at 1500 l/min at 2,8 m total dY!lamic
head (TDH). The current flow to the station is estimated at 800 m3/day.
However, during peak wet weather flows, two pumps are needed to handlt, the
flows, the third pump being a standby. The pumps were rebuilt in 1977 and are
pulled for h.pection and repair every three months. The actJon of the pumps is
controlled by floats in the wet well.

The station contains a standby generator that was used originally to operate the
station before electricity was available. The generator, rated at 45 kw, is capable
of operating only one pump and is insufficient to handle peak wet weather flows
during power failures.

The pump station has not experienced serious mechanical problems, but the
following deficiencies 01' potential problems were found to exist.

• The influent screening is inadequate allowing debris to pass through which
can clog and dam age the pumps.

• The influent flow meter is broken and accurate flow inform ation is not
available.

• The location of the station is such that it floods during heavy rainatorms.
During flooded conditions, the combined storm water and sewage
overflows into the street or adjacent wadi.

• The pump failure and high level alarms are local alarms. Alarms are not
transmitted to the AGTP, or someplace elsewhere even when an
immediate response is imperative.

• During prolonged power outages, the generator is insufficient to opel'ate
the station.

• The standby generator is manually opel'ated and does not come on
automatically. An undetected power failUl'e could leave the station
without power fol' up to 16 hours on weekdays or longer on holidays or
days off.

• The genel'al housekeeping at the facility is poor and some odol's and
sulfide cOl'l'osion ue evident.

The East Marga Pumpi!!i Station

The East Marqa pumping station, built in 1979, pumps the wastewatel' collected
from the civil airport, Royal Air Force Bue, the AWSA gl'avity collection system
and surrounding Marqa area through lZ00 m of ZSO mm fOl'ce main. The station is
provided with two sets of two-stage pumps, each set with a capacity of
360 m3/hr. The current flow to the station is low compared to its rated capacity.
The station can accommodate a third set of two-stage pumps for future flows.
The pump station is still undel' the control of the contractor due" to items that
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have not been corrected to meet specificationl.

The statiun has sufficient capacity for the projected growth in the .urrounding
area. In.pection of the pump .tatio:1 di.closed the following defictencie. or
potential problem.s

• The pump seal. are not sufficient for the pumping head, thi. rewultins in
leaking or blown .eals.

• The pump casing waa faulty on one of the lower lubmersible pump••

• The float controls have been defective ar£d sometime. faU due to
exce'live greue accumulation.

• The influent Icreening i. inadequate and allow. the pa••qe of large
solid••

• Prolonged power outagel may caule a lewale overflow to the adjacent
drainage area.

• Standby power i. not available for emergency situational

• The pump fai'.ure and bllh level alarms are local alarms. Alarm. are not
tranlmitted 'co the AGTP.

• The operation. and maintenance staff at AGTP have not received
recommended spare parts and maintenance literature on the equipment.

AIN GHAZAL TREATMENT PLANT

The Ain Ghazal Treatment Plant (AGTP) hu been in operation since 1969. Since
then, the wa.tewater flow has increued from Z400 m3/day to ZI,OOO m3/day at
the pre.ent time. The AGTP wu deligned u a conventional activated .1uqe
plant. Solid. hancWns il provided ullnl anaerobic eliseltion followed by Iludse
drying beds for dewatering. The wutewater treatment portion of the plant wu
designed uainS the followinS de.ip parameter.:

Population
Pel' Capita Sewage Flow
Average Total Daily Sewage Flow
Average Hourly Flow, Average Day
Maximum Hourly Flow, Average Day
Per Capita BOD

300,000
ZOO led

60,000 m3/day
Z,500 m3/hr
4, ZOO m3/hr

60 gcd

The anaerobic digesters were designed for a population equivalent of 150,000
bued on a unit volume of 40 liter. pel' person. The digelter volume is 6,000 cu m.

Because of the low water consumption per capita, about 75 lcd, the lewage
generated il unusually strong averasing about 900 mill and 1000 mill BODS and
suspended solids re.pectively. At present fiowl of Zl,OOO m3/day, it appear. that
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APPRAISAL OF EXISTING WASTEWATER FACILITmS

AGTP il rapidly reaching it. de.ilD capacity.

The AGTP treatment unit. ue Ihown in Filure 6-2. and include the fo11owlnll

• Pretreatment which Include. barminutor. and pit removal unit.
• Primary ledlmentation
• Secondary treatment Ullnl the ac.:tlvated Iludle procell
• Final ledlmentation
• Chlorination prior to effluent dilcharle
• Sludge handllnl facmUe. which con.llt of .lud;e thickenln;, anaerobic

dlAe.tlon and land drying bedl

Auel.ment of the treatment unit. and uPlradlnl meuurel required ue Included
below:

Pretreatment Unit.

The pretreatment unitl include the inlet wora, barminutorl and the pit removal
tanka. The inlet worka are located at the lOuth end of the maintenance builcUnl.
Flow enter. the plant by pavity and flow. over a concrete wall (approximately_
3 m above the invert eleYation), thence throUlh two barmi'lutorl. The .elr wall
which wu provided to prevent lu;e debrl. from damqinl the barmlnutor., act.
o • trap for .uch debril which mu.t be removed manuany on a daily bui.. A
particularly objectionable part of thi. operation i. the orlanlc matter caupt
alonl with the debri. and mainly thOle orilinatinl from the .laUlhterhoUie
operation immediately .outh of the plant.

In leneral, the buminutor. do not provide the .rvice thoy were intended for.
Barminutor. are lenerally adequate for lilht duty applicatioJII only. Commlnutor.
and mechanically-cleaned bar .creeJII are more fUlled and .ultable for the flow
and amount of .creemnll rea-chins the AGTP.

From the buminuton the wutewater flow. to the lutro wein where it i.
monitored both automatically and manually for fiow lDeuurement pUlpOiel. Due
to limited dry weather flow. enterllll the plut, only one IUtro weir I. in Ule at
the prelent time. To remove the lrit and preaerate the watewater, two lfit
unit. are Uled in parallel. Each unit hu three .parate chamben 2.3 m wide x 2.0
m loni. The .ettled pit i. cODveyed alonS a lump in the firlt chamber only by
meUli of • horizontal Icrew conveyor which carriel the pit to one corner from
which it il removed by air lift pumpl. Settled srit in the other two chamber. doe.
not have a provilion made for it. removal.

Grit removal hu been a continuoul problem due to frequent breakdowDi of the
Icrew conveyon. BecaUie of luch breakdowDI, manual pit removal il practiced.
Followilll pit accumulation in the unitl for a period of time, the unit. are
altemately dewatered and drained aUowinS the pit to dry before it i. hauled out
manually. Such inefficient operation allow. pit to reach the primary
ledimentation tankl and ultimately end up in the cUlelterl. Grit accumulation in
the dilelterl reducel the volume available for orlanic l1uqe cUleltion and
increues the frequency of needed cUlelter cleanupl.
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To alleviate the problems alsociated with the pretreatment units, the entire inlet
works and grit removal system need to be replaced. The pre.ent weir wall will
have to be removed thul eliminating the dam and effect accumulation of debril in
the inlet works. The trunk sewer will be free flowing, thu. allowing for high
cleaning velocitiel at all timel and redUcing the potential of lulfide generation.
In order to provide the hydJtauUc head necessary to push the future flows through
the plant (up to 96,000 m3/day vs. present flowe of Zl,OOO m3/day), a low lift
pump station would be required. The pump station would allO provide the head
required for the diltribution of futUl"e flowl between the existin~ plant and the
new expansion proposed on the south side.

The pumps would be of the Archimedel screw type. Such pumps are Uled for
similar condi tion. throughout Europe and the United Statel. They provide a
number of advantages compared to variable speed centrifugal non-clog pumpi
which are the alternative equipment for this application. Screw pumpl may be
Uled to pump raw lewage prior to any Icreening. Thil eliminates the necellity of
providing Icreening. Thi. eliminate. the necellity of providing .creening
facilitiel well belo", pade. The elimination of piping manifold! and valving il
another major advantage. Generally, concr"t" channels at both end. of the Icrew
pump. are all that is required. Since at AGTP flows of more than 80,000 m3/day
are being cODiidered, large diameter piping and valvel would be a major expeDie.
Normal automatic controll are not required for the operation of Icrew pump.. A
screw pump turDi at a conltnnt Ipeed and would pump any influent flow up to itl
maximum capacity. For flow. beyond that,~he wutewater level risel in the inlet
channel Itarting a new pump.

To replace the exilting barminutorl, two choice. are avaDable: automatically
cleaned bar screeDl, and comminutorl. The bar IcreeDi remove altogether the
larle material froID the le."age, mOltly ragl, which ultimately getl trucked away
to a landfill. Using comminutors, luch large material il Ihredded and returned to
the lewage flow where it settled in the primary ledimentation tanb. The choice
between Icreening and comminution will be determined during the delip phae.

Grit removal faci1iti. would be required to replace the exi.ting unit.. The
geometry and detention time would be luch that maximum pit removal efficiency
il achieved. The pit would be collected in hopper. and pumped by rece••ed
impeller mixed flow pUIIIPl to grit separation-dewatering unitl. The leparation
and dewatel'ing of the pit would be performed by cyclone leparatorl followed by
screw claslifier". Dewatered grit would be dispoled of by trucking to a landfill.
Such a grit removal .;;y&i.em would eliminate the problem of operating a sabmerged
mechanical grit removal device luch u presently is in use.

Primary Sedimentation

There are six primary sedimentation tankl, each 4Z m long,S m wide and 1.5 m
deep. The design parameterl are:
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Average oVf!rflow rate
Detention time

= 48 m3/mZ/day
= 0.9 hr.

On this basis, the primary sedimentation tanks are nominally rated for a flow of
60,000 m3/day .

Conventional design parameters used in the United States are:

Avel'age overflow rate
Peak overflow rate
Detention time
Tank depth
Tank length
Tank width

Ranle

3Z-48 m3/mZ/d
80-lZ0 m3/m Z/d
1.5 - Z.5 hi'
3.0 - 5.0 m
15 - 90 m
3 - Z4 m

Typical

100
Z.O hr
3.6 m
Z5-40 m
6-10 m

The major difference between the existinl tank. and conventional practice i. the
shallow depth. Where a conventional tank is normally at leat 3.0 m in depth, the
existing tanks are only 1.5 m deep. .

Although it ill generally .reed that the IUl'face area and overflow rate are the
major design parameter. of seCUmentation tanks, the depth and cro....ectional
area are equally important. The depth must be, adequate to allow for an
undisturbed settled sludge zone at the bottom while the cro....ectional area mu.t
be large enough 80 that exce••ive horizontal velocities may not occur. Otherwi.e,
the settled .ludge i. disturbed, allowing the .uspended .olids to go over the wein,
.ub.tantially reducing removal efficiencies.

BecaUie of the high BOD and .olid. loadinl at the Ain Gbazal plant, improved
primary .edimentation tanb could mean a .ub.tantial reduction in BOD loading.
to the activated .ludie proce.. and sublequently .avml. in electrical
requirement. .

To meet the demand. of the JWe.ent flow. only four out of six sedimentation tanb
are operated. The current total daDy now. vary between 18,000 and ZZ,OOO cubic
meters per day. At the.e flow., the operating parameten are:

Averale overflow rate.
Peak overnow rates
Detention time

Zl.6 to Z6.4 m3/mZ/d
35 to 43 m3/m1./d
Zeo to 1.6 hi'

Within the.e parameters su.pended .olid. removal. reported average about 40';'
(December 1978 to J\Dle 1980). Typical variations in primary effluent solidi may
be .een in Fiaure 5-3. Normally, .uspended .olid. removal. are expected to be in
the range of 50 to 60';'" It appears that the teks are not providiDi the neces.ary
removals and will provic1.t! .ubstetially leu at 60,000 cubic meteD per day.
Operating experience and plant records indicate the hydraulic capacity of these
tanks i. not more than 30,000 m3/day. Hilher flow. will require the construction

6-15



APPRAISAL OF EXISTING WASTEWATER FACn.IT!ES

of additional sedimentation tanks.

Secondary Treatm ent

Secondary treatment at AGTP is by the activated sludge process using diffused air
aeration. The system was originally designed to provide treatment for
6",000 m3/day of sewage flow based on a detention time of four hours. However,
",,",ch short detention time is inadequate by any standards to treat the present
organic load, due to the high strength waste of the AWSA system (900 mg/l BODS
and 1000 mg/l suspended solids). The design hydraulic detention time, (without
recycle) should, as a minimum, be 8 hours so that reasonable reduction of the
organic load may be achieved. The use of 8 hours would automatically reduce the
hydraulic capacity of the aeration tanks by half, to 30,000 m3/day.

Air to the activated sludge procQss is provided by six air blowers or compressors
with a seventh compreslar 81 a standby. Assessment of the available aeration
capacity shows that the six compreuors can provide Z3,ZSO cfm at 8 psi.
Assuming a 6 percent trauler efficiency for the dacron sock diffusers (as no data
are available of field tranller efficiency), the system appears able to provide 680
kg/br of oKYaen, enoup to handle an organic load of 11,500 kg/day of BODS'
Present oraanic .oac:l to the aeration tanks of 13,700 kg/day (based on 650 mg/1
BODS and Zl,OOO m3/day flow) exceeds the aeration capacity of the existing
system. Ourinl site vilitl to the plant and through communications with the plant
personnel, it wu evident that the sock diffusers system clogged quite frequently
and was a major maintenance problem. Mixing in the tanks, which is euential for
the proper operation of the activated sludge process is also hampered by the
clogKing of the sock diffusers. The appearance of the mixed liquor was not the
normal brown color; inatead it appeared blackish, a sign of improper mixing and
deficiency in oxygen. The lab analyses show a D.O. of 1 to Z Jilg/l. A minimum
D.). of Z.O mg/l should be maintained.

A review of the kinetics of a conventional activated sludge treating the AWSA
high strength waste shows that a mixed liquor suspended solidi (MLSS)
concentration of at least 3,000 mg/l will be required in order to oxidize the
available substrate. The use of MLSS concentratiotll of thil order may be beyond
the mixing capabilities 01 the present diffused aeration system, although certain
upstream improvements and aeration basin improvements could aid basin
performance. In comparison with diffused air aeration, surface aerators generally
have higher oxygen transfer, infrequent breakdowns, lower maintenance
requirement, and improved mixing, and are often favored to keep the solia in
sus"ension and provide the oxygen required. If adopted, this will require
structural modifications of the existing aeration basins since mechanical aeration
is not suited for long narrow basins.

The return activated sludge (RAS) and waste activated sludge (WAS) systems are
two essential control operations in conjunction with the activated sludge procell.
The RAS flow which is normally expressed in percent of flow and ranges between
Z5 to 100 percent, determines the concentration of MLSS in the tanks, and the
food to microorganisms ratio F:M. The WAS flow controls the sludge age or the
sludge mean cell residence time.
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The existing RAS and WAS are presently controlled by a V-notch weir, pla::::'!d at
the north end of the final sedimentation tanks. The settled Iludge il removed from
the tank hoppers by air lift pumpl and discharged into an individual weir box for
each tank. Two V-notch wei,. are prelent in each box and can be manually
adjusted by a hand wheel. One contrail the dilcharge to a waite Iludge sump and
the other to a return Iludge sump.

The present system does not accurately control and meuure the RAS and WAS
flowi. A more positive control should be provided luch al a centrifugal pump
arrangement. POlitive suction for RAS removal and accurate control of return
activated sludge can be maintained by such a system.

Final Sedime!"tation

The exilting final sedimentaticln tanks are of the two level type design. There are
six tanb each 5 m wide by 51 ID long by 1.5 m deep. The total lurface area and
volume are 3100 mZ and 4600 m3 I'elpectively. The operating paramete,. for the
design fk!w of 60,000 m3/day are:

Average overflow rate
Detel1tion time

=
=

19.Z m3/m Z/day
1.84 hours

Typical design criteria for final sedimentation tanks are .. follows:

Average overflow rate
Peak overflow I'ate
Average IIOlidiloading
Depth

16-3Z m3/mZ/day
40-48 m3/m Z/day
3.0 - 6.0 kg/mZ hour
3.5 - 5 !dete,.

The diffel'ence between the above delian parameters and those used in the AGTP
plant design il the clarifiers' depth, 1.5 m VI. recommended depth of 3.5 m
minimum. The state of the art IhoWI the depth is a critical puameter in the
delign of the final sedimentation tanka. Unlike the primary sedimentation tanks
where I'aw sewage solidi are rathel' dilcrete puticlel, the activated sludge solidi
are light, fluffy particles, that are difficult to settle. The law ofpavity is not
the only factor that playl a I'ole in activated sludge lolide lettlement.
Flocculation, inter-puticle forces, aDd solidi loading (MLSS concentration) are
other major factors that affect solidi capture and removal. A well clarified
effluent mUlt be maintained to achieve the full benefit of treatment. Any solidi
lo.el over the weirs due to poor operation of the ledimentation tanks underminel
the effort and expenses spent upstream of the sedimentation tanks to treat the
waltewater.

To improve the efficiency of the final sedimentation tanks, the middle slab mUit
be removed to give the tanks a depth of 3.0 mete,.. An aSieument of the
structural modifications necessary to deepen the tanks may be found in Appendix
G. Submerged tube settlel'l, iDlerted below the lurface, could allo improve
lettling.
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Chlorination

The eXisting chlorination facilities consist of three chlorinators and related
appurtenances located in the maintenance buildings. The chlorine dosage is
manually controlled and set at a constant rate irrespective of the daUy
fluctuations in the flow, i.e., not flow paced. This results in overdosing at times
(chlorine wastage) or underdosing (improper disinfection). Presently the dosa~a is
about SO kg/day. Chlorine residual is generally below 1 mg/l.

In order to have effective disinfection, chlorine should be flow-proportioned so
that the right dosage is continuously applied. The chlorine residual should be also
monitored and used as a feedback to double check and control the dosage. Proper
contact and contact duration of the effluent with chlorine are important factors
also in disinfection. Careful attention must be given to the design of the chlorine
contact tank so that short-circuiting will not occur. It is desirable to retain a
minimum of 80 to 90 percent of the flow in the chlorine contact basin for the
specified contact time - minimum of 15 minutes at peak hOUl'ly flow. In order to
accomplish that, plug flow conditions must be maintained using narrow and long
basins. Baffle walls are constructed in the chlorine tMlU to provide the necellary
geometry required.

The existing chlorine contact tank is a lagoon 16 m wide at the flow inlet,
tapering to 4.5 m at the outlet point. The volume is 1Z50 m3/day which provides
30 minutes detention time at 60,000 m3/day, average daily flow. Although the
theoretical contact time is adequate, short circuiting is inevitable due to the
geometry of the basin and lack of baffling.

Sludse Handlin, Facilities

At present, the primary sludge is collected in the sedimentation tank hoppers and
pumped directly to the anaerobic digesters. The waste activated sludge is pumped
to the gravity sludge thickeners from which it is conveyed by gravity to the
prim ary sludge pumps.

There is no direct now meUUI'ement of the quantitie. of sludge pumped to the
digesters. Instead, the operators record the number of hours the sludge pumps
operate each day. The sludge pump. are triplex plunler pimps with variable
capacities of 18, Z4, 36 and 54 cubic meters pel' hoUl' depending on the pump
speed. The current feed rate is Z4 m3/hr. The operator adjusts the amount of
sludge pumping based on experience and sampling the level of sludge in the
sedimentation basin hopper with a dipper. Recent data on the quantities and
characteristics of the sludge pumped to the digesters are presented in Tables 6-3
and 6-4.
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These figures indicate an average dem and of 4Z3 KW during May-June of 1980,
69Z KW during June-July (800 KVA at an ..aumed power factoll" of 0.865).

Existing electrical distribution and single line diagram are shown in Figures GZ-l
and GZ-Z in Appendix G.

SALTSYSTBM

COLLECTION SYSTEM

The city of Salt h.:.& had a sewage collection network datinl back to the Turkilh
rule. It compriaed stone slab type conduits after the style uaed by the Romana
centuriea before. In 1948, a program had begun to convert the home connectiona
to pipe type conatruction, but the aewerl still di.charled into the wadi nearby.

In 1977 a major sewerage project wa. bepn in Salt. The network program wu for
the elimination of the old stone conduit. in favor of sewer pipel. The collection
system hal baen divided into three areal. The fint area will be completed in late
1980. Meanwhile, a major percentage of dwellinl unit. and other bulldinll are
connected to the treatment plant, even if it II via the old Itone conduita. When
the network program i. completed, about 2100 houae connectlona wlll have pipe
facUlties throuahout, serving a population of over 30,000 people. The propam of
conversion should be complete in early 1981. The conversion al.o is
systematically eliminating ItOI'm water connection. such u roof draine.

SALT WASTEWATER TREATMENT PLANT

The existing Salt treatment plant wu placed into operation in early 1980. The
plant wu designed to lerve an equivalent population of 50,000 people.' The design
criteria for the plant are prelented below:

FLOW BODs
Avg. Peak Avg. Peak

Sta,e (m3/day) (m3/br) (ki/day) (ki/hI')

I Z,44Z 184 Z,664 ZOO.6
(1090 mall)

D 3,510 Z63 3,Z40 Z4Z.7
(9Z3 mill)

The average daily now reaching the plant 10 far hu been about 630 cu m/day.
The wastewater il mainly domeltic in nature except for the indultrial wute
generated at the pharmaceutical factory in Salt and the wasted oU and areue
dilcharged in the collection system from gal stationa and garalel.
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Since the plant only started in April 1980, 1imited data ue available on the plant's
performance. A Z4..hr compo.ite sample showed the influent and effluent BODS
to be 435 mg/l and 15 mg/l respetively, a 97% removal. It should be noted that
the plant is being operated at approximately one"quarter of itl delign capacity.
The plant has been reliable. The main problem has been the peak storm flowl
which have to be bypalled to the wadi durinl wet weather" conditionl. It il ....,
anticipated that this problem will be improved when the new collection systems is
completely constructed by 1981.

The treatment units of the Salt plant are:

• bar screen

• twin horizontal flow grit chambers

• extended aeration activated sludge

• secondary clarification

• chlorination

• gravity sludge thickening

• sludge drying beds

The flow enterl the plant by a gravity sewer. Flow tint pUle,-, throup an
automatically backraked bar screen actuated by a float. The screening material is
collected manually on a daily buis and dilpoled of on site u the volume of
material is small.

The flow next passes throulh twin horizontal grit chambel'l. The.e chamber. have
a rectangular section and are provided with manually removable pit tray.. The
water surface elevation il controlled by dowatream Sutro weil'l. The two pit
chambers are alternated on a dally buis. The collected pit i. di.po.ed of on the
plant lite.

There il no primary sedimentation. The Icreened 'and depUted wutewater loe.
directly to earthen embankment aeration bula. The de.tlD puameterl for this
and the remaining wutewater treatment procel. are prelented in Table 6-6. The
aerators have two speeds and are currently run 45 minutel of the hour at low
speed and the remaining fifteen minutes at high speed.

The flow next proceeds to a single peripheral feed drcular clarifier. Sludge is
drawn off the clarifier by gravity and conveyed to twin screw pumpl which are
located by the aeration basin. Thele pumps are used to return the sludle to the
clarifiers and to proportion sllldge wasting.

The secondary effluent passes through a serpentine, three-pall chlorine contact
chamber. The water level is controlled by a V-notch weir. The chlorine is in the
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form of calcium hypochlorite. The plant CI}I.eJrators periodically make up a batch
of the concentrated chemical and pump it at a conltant rate to the chlorine
contact chamber. The chlorine dose il not flow-proportional. It i. e.timated that
the do.e is 5 to 7 mg/l.

The plant is provided with an emerRency power generation faf:Uity with a capacity
of 4Z0 kw. The cUl'rent electrical load i. 380 kva (approximately 300 KWh
therefore, it is possible •.:0 run the entire plant during a power failUl'e.

TABLE 6-6

DESIGN PARAMETERS FOR WASTEWAT'ER
TREATMENT PROCESSES AT SALT

Aeration Basin

Dimensions
Volume
Type
Number aerators
Size
Type

Sedimentation Tank

Number
Diameter
Sidewater Depth
Area
Volume

Chlorine Contact Tank

Dimen.iOD.

Detention Time at 3,510 m3/day
Type

59 m x 39 m x 4.5 Iti

8400 cu m .
Earthen embankment
6
30/45 kw
Z speed

1
17.0 m
Z.5 m
ZZ7 sCi m
567 cu m

6.70 x 10 ±x Z.60 m
70 min.
3 pa••, serpentine

Sued on the units dimensiolUl cited in Table 6-6 the operatins parameters for
present and design flows are as follows.

Aeration Tank

Detention time, hi'

Present Flow
(630 m3~

3Z0
(13.3 days)

6-Z5
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Secondary Clarifier

Detention time, hr
Surface loadini,
m3/m Z/day

Prelent Flow
(630 m3L.!l!l1

Z1.9

Z.S

Staie I
Dlliin Flow

(Z44Z m13~

5.1

10.S

It I. obvlou. that the plant i. over.ized for the pre.ent and expected near future
flowi. The detention time in the aeration tanka i. 13.3 day. under pr••ent flow
condttioftl and 3.43 day. under Staie I flow.. Electrical cODlulDption in the
aeration tanka could be cut down by allDO.t 90 percent and 6Z percent for the two
now condttioftl had the tanka been uzed for a one day detention tilDe. Under the
pre.ent flow conditioDl, a .avin,,: of over JD 3,500 a month can be attained from
the reduction of electrical cODiumption.

The secondary clarifier i. allO overaized, however, the over.izinl of the tank i.
not u critical u the fact that there i. only one tank. A malfUDction or a
breakdown of the equipment in the tank would re.ult in a complete Ihutdown of
the plant.

To improve on the prelent C:._•• " ,':' ~he fo11owini i. required, taldns into
couderation minimizini the co.t of ~' ,',ation.

• Run the aeratorl at low speed at all time.

• A partiti~n wall dividinl the aeration buin into 1/3 - Z/3 the Ii.e Ibould
be con.tructed. The 1/3 portion will be Uled for DOW and untU the now i.
high eDoup to jUitify Ulini the larier portion of the buin.

• Coutruct a ne. sedimentatioD tank about lZ meter. in diameter. The
pre.ent larier tank will be Uled u a backup in cue of a breakdown.

Sludae Manyement

The wute l1udie produced in th exteDded aeration proce•• i. pumped to a pavity
thickener. The thickened sludae is pumped then to the dryinl bed. whUe the
supernatant flowl by ..avity to the aeratioD buin. The dimen.iou of the,l1uqe
handlinl units are pven below:

Gravity Sludle Thickener

Diameter
Sidewater depth
Cone depth
Area

6-Z6
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Sludge Drying Bedl

Dimenaionl (overaJ1)
Number
Area (total)

10 m x 37 m
ZO
Z550 Iq m

The recr:,mmended loadinl ratel for gravity thickenerl are in the ranle of 60 to
100 kg/m Z day. On thi. baltl the capacity of thti Salt Iravity thickener i.
estimated to be around 1600 kilday. The eltimated sludge quantitiel for the years
1990 and ZOOO are prelented belows

Mean cell retention time = 15 daya

Sludle
Production

Sludle Production
3% .olida 4% .olida

Sludle Dryinl Bed.
R,equired Area

3% .olida i% .olid.

1990
ZOOO

1151 kl/day
14Z1 kl/day

38 cu mlday
48 cu mlday

Z8 cu mlday
36 cu m/day

Z660.q m
3360.q

1960 ICl ID
Z5Z0.q m

Mean cell retention time = 30 day.

1990
ZOOO

181 kg/day
969 kl/day

Z6 cu m/day
3Z cu m/day

19.5 cu mlday 18Z0 .q m
Z4 cu m/day ZZ40 .q m

1365 .q m
1680 aq m

From above it appearl that the sludle thickener ha. the capacity to meet the
future requirement.; however, due to the nature of the wute activated l1udle
which tend to noat ".ther than settle, a flotation thickenel' would have better
removal efficiencie••

Similar analylil ShoWI that the exi.tins _ludie dryinl bed. are adequate to handle
future loada.

The plant effJuent is di.charged to the wadi nearby. It ftow. for about four
kilometen partly throulh irrilation land before it dilappear. entirely into the
pound. The effluent, althoup chlorinated, po.e. a public health .hazard. The
efnuent should either be piped put the inhabited area to minimize public contact
or be treated to a hiper quality and chlorinated to render it _afe in cue of
contact with the public.

Electrical FacUlties

The plant receivel electrical lervice at ZZO/380V, 3-phue, 4-wire, SO hertz from
a tranaformer which ia owned and operated by Jordan Electricity Company, Ltd.
A Itandby die.el-enKine/lenerator unit by Cummina/DCA Fermont Divi.ion, rated
at 4Z0 KW, 1500 RPM, ZZO/380V, is at the plant to provide standby power for the
entire load. Startinl of the unit, power tranafer/retraufer, and stoppinl il fully
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automUc upcln power failure. ThQ main .witchboard and motor control center i.
switch and fuse type, however, in contralt to the .witchbouda at Ain Ghazal, the
switches and fuse. are dead front. This provide. lafe conditions for disconnecting
circuit. and replacing of fuae.. The .witchboud i. a product of BS TEKNIK
(Bruun Be Soren.on A/& Indu.trial Division) Denmark.

The electrical sYlltem at the plant ha. a capacity of 5Z5 KVA. Pretent total
connected load i. approximately 330KW or 380 KVA (@ a••umed P.F. of 0.87). On
September Z7, 1980, during the te.ting of the Itandby enline-generator the
following readingl at the in.trument panel WfJre ob.erved:

Output VoUqe

Current

FrequeJ1cy

380V

C})R Z40A
()S ZZOA
()T 300A

50 Hz

The.e £ipea indicate a plant demand load of 11)6 KVA. All major equipment wu
running durini the test including the 6 aerator. at high speed. Therefore the
electrical load for the plant can be practically doubled in the future wi thout
overloadiug.

The outdoor tmderil'ound di.tlibution .y.tem con.ltl of multiconductor cable. (4
condo 3 '+irnd. for power) inltalled in a trench with a land bed, a concrete or
brick ttle l.yer over the sand, and earthfill above.

The plant electrical equipment control. allow buically unmanned automatic
operation except for a few points w!lore manual override i. required. No on-line
inltrumentation i. inltalled. A portable D.O. unit (Kent ElL No. 15Z0) i. Uled to
te.t D.O. in the aeration tank once every two or three day.. If the D.O. level in
the tank is low the plant operator switche. the aeratorl to continuoua hip .peed
operation.

KING HUSSBIN MEDICAL CENTER SYSTEM

The Kinl HUllein Medical Center, KHMC, i. currently .erved by it. own
collection system and sew&le treatment plant. The pre.ent load to the plant i.
from a 560 bed ho.pital facility plUi 1600 staff, out-patient., a nur_ng coDele
and the houlinl area for the medical Itaff.

The five-year plan for KHMC wiD .ee completion of two centerl pre.ently under
construction: (a) rehabilitation center and (b) cardiac center. Originally it wu
planned that each would have ita own sewale treatment plant, but it wa. then
decided to have a linlle plant for the entire complex. The new plant will be on
stream by the end of 1981 in order to accommodate the new facilities which it
will serve.
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KHMCTREATMENTPLANT

The exi.Ung plant il fed by two outfall sewers from the hOlpital and houling area
which meet at the headwork.. The headwork compri.e. a manu.:',y cleaned bar
Icreen and an in-Une grinder (out of action) followed by a Par.hall flume (who.e
flow meter wa. allO out of action). St!condl1l'y treatment of the w••tewater 'lies
activated sludlle procell followed by chlor~llation. The dimen.ion. of the exilting
treatm ent units, the de.ign criteria and operating paramete,. are prelented in
Table 6-7.

The plant wal delianed to be an extended aeration plant but with almo.t doubUni
the flow treated, the plant i. operated now a. a conventional activated sludge.
Althoullh the effluent Ihould be equally of high quality, the sludae in the
conventional activated slUdge mode doe. not get diie.ted and Itabtltzed, relultlni
in potential odor problema. The secondary clartfierl are underloaded u can be
leen from Table 6-7. The hydraulic lurface loadina rate faUa within the
recommended range of 8-16 m3/7../day. The high detention time, 5.1 houra, in the
clarUiers coupled with inadequate Iludie removal could very well be the reaaon
for the high sUipended 10Udi in the effluent.

The sludge is applied to the drying bedl for a depth of about Z feet.
Underdrainaae il pumped back to the plant headworks. Dried Iludie is Icraped up
and Itockpiled.

The chlorinated effluent flowl to a concrete Itoraie tank whence some of the
flow il used for irriaation of IIreen areas in the vicinity of the KHMC. Moat of
the effluent overflows to the wadi below leading to Wadi e. Sir. Roaidentl of tbe
town have complained that their water aupply il beina cOl1taminatea by the plant
effluent. The iftltaJlation of the new treatment plant, althoush it may improve
the effluent quality, will not alleviate the potential for aroundwater
contamination. The effluent will have to be diverted away from Wadi ea Sir area
entirely or piped palt the iroundwater aquifer. The performance apecificationa
for the new plant are:

PERFORMANCE SPECIFICAnON FOR KHMC PROPOSED
TREATMENT PLANT

Averaie Deaip Flow
Peak Flow
BOD Loadini

Effluent BOD

SUlpended SQlidi

1500 m3/day
150 DJ3/M
400 kg/da""

. (111 n.' gil:
ZO mi/l
(8Z% remo ;.d)
6 mi/l
(95% removal)
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TAILE 6-1

DISIGN CIITERIA

lQIMC SEWAGE TREATMENT PLANT

De.ilD 'lov
'I't,Qut rlov

Iaflutac 100,

Ift1_ac 100,

Ml'adoa luia.
NUIIb.1'
Di..a.ioa. (tach)
Sidtvatll' Dtpth
Vol.. (total)
DtCtaeloa el_

At Delip 'Iowa
At 'I't.tac 'low.

MratOI"
M....r
Si..

Stcoadal'7 t1al"ititl"
Nu_r
Di_.iou
SiellRt'l" D.ptb
SUl'tac. Al'ta (t~tal)

Surfac. Lo_ial
Dttlation ci_

(at ,r•••at flow)
Cblol'iaatiOD

Chloriu coatacC tlak
r.tdi... rae.

81udl' Dl7ial lid•
.....r
Di..a.iODI (total)

6-30

450 cu m/day
800 cu m/day

100 - 300 mill

20 - 40 111/1

2
7.3 x 7.3 x 3.6 m
2.8 _
300 cu _

16 hI'.
9 hr.

2
5 hp

2
5.5 x 5.5 x 3.6 •
2.8 •
60.5 Iq _
13 -'/lv _/day
5.1 hI'

I
30 ../1

4
6.0 x 7.1 •



APPRAISAL 0' EXISTING WASTEWATER FACILmES

The plant is operated by AWSA personnel under a special contract.

ARMY INSTALLA'nONS

The Royal Jordanian Army maintains many camp., barracks, and other military
inltallationl throughout the Greater Amman Area. While some of these are
located within Amman and are provided with sewerage service, most are located
in rural or otherwise unlewered areas and have their own lewage elilPOSal systeml.

Because these Army installations reprelent a potential concentration of
population, an attempt was made to determine the specific. of population,
location, and exi.tina and planned sewale di.po.al facilitiel in order to
accomodate such systems into the Malter Plan, al appropriate. It was thought
that a. the Greater Amman Area developl and grows, there would be lome cues
where it would be logical for luch military il1ltallationl to join with the municipal
systems for wastewater di,polal.

For security realon., the information wal not readily available. Accordingly, it
wal not pOI.ible to include specific provision. for such inltallationl in the Ma.ter
Plan. However, during the desip phale, provilionl for wutewater elispo.al of
military basel may be incorporated if warranted.

BXlSTING CESSPOOL SYSTEMS

As di.cullled earlier, the Municipality of Amman, the Municipalit~,of Salt, and the
King Hussein Medical Center are the only entitie. that operate waitewater plants
within the Study Area.

At prelent, both AWSA and Salt serve only 40 percent of their conltituent
populations, while KHMC i. entirely served but il relatively .mall in compari.on
with many communitie•• Zarqa, the .econd largelt mwlicipality in the Study Area
il unsewered, although plan. will loon be drawn for lewerage facilitiel for both
Zarqa and RUieifa, including the intervening indu.trial area. For the time beinl,
however, the great bulk of the Study Ar!!a'. wa.tewater i. being di.charged into
the underpound via ce••pool Iy.tem••

MAGNrrUDE AND AREAL DISTRIBUTION OF SEPTAGE DISCHARGES

Ces.pool inltallation contributions to the underpound from major communitie.
have been estimated for current conditionl, and the approximate value. are
pre.ented in Table 6-8. Thele elilchargel are of great concern beeau.e of
poten~ial impactl upon the underlying lroundwater. '

The relative potential impact of .epta,e dilcharle. from the .everll major
communitht. upon the underlying groundw.ter balin. i. Ulu.trated in 'ilure 6-3.
The propo.ed poundwater protection area i. indic.teel In order to .how the
rel.tionlhip of the variou. communitie. to .rQundwater .re.. got.ntiaUy
vulnerable to pollution from w••te. di.charl." No att.mpt i. m.d. to
diff.r.nti.te between rechar of dill••inl .quit.... Rath.r, all •••••
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of groundwater recharge or overlying groundwater ue treated impartially.

In Table 6-8, the so-called "Relative Area" of each major community is taken as
the Theiss Polygon-determined territory in which the community is centered, th'!
areas being confined within tile Greater Amman Area (30-km ra.clius) and the
proposed groundwater protection uea. When the annual septage dischuge of the
community is divided by the "relative area" an annual downward movement of
septage is determined. This is a theoretical, apparent value which assumes that
the entire relative area is uniformly affected by the septage rather than just the
immediate uea underlying the various cesspools of the community. Despite the
artificial nature of this parameter, it does form a ready basis for roughly
comparing the potential septage impact of the vuious communities on the
groundwater. As expected, the largest urban areas not only have the greatest
output of septage but often have limited "relative areas" because they tend to be
clustered. Thus, the large unsewered urban areas normally have the Featest
impact, as expected.

OPERAnONAL DIFFICULTIES WITH CESSPOOL INSTALLAnONS

Cesspool installations have experienced operational difficulties in many
communities of the Greater Amman Area. In order to obtain some current
assessm ent of these and other condi tions in the area, a special Community
Sanitation Reconnaissance was conducted for Z9 municipalities, towns, villages,
and refugee camps within the area (Appendix F). This reconnaiuance was rather
subjective, depending upon the judgment of the interviewer and the local
respresentative interviewed, but the results appear to be realistic in the light of
general knowledge of the area as well as obserVAtions made by the field personnel
when determining possible routings for future sanitary sewers.

The Community Sanitation Reconnaissance is summarized in Appendix F. This
summarizes data relevant to subsurface sewage disposal conditiona, Despite their
subjective nature the data serve to indicate the general mqnitude of the problem
of on-site sewage disposal within many of the unaewered communitie. of the
Study Area. The general impression of the data i. that the probl.m of sub.urface
sewage disposal is already manifested in the majority of the co~munitie. to at
least a moderate extent and that in many c••••, the outlook i. incre.singly
unfavorable. A substantial population is alre.dy .ff.ct.d. Th. probl.m is in the
form of cesspools which already overflow 01' .ls. require inordin.t.ly frequent
pumpouts to prev.nt such conditiona, Obviously, th.re are associated social and
h.alth aspects of the problem, and these are dealt with in Chapters 3 and 4,
r.spec tlvely.

ENGINEERING CONSIDERAnONS OF SUBSURFACE SEWAGE DISPOSAL

Cesspools have been customarily employed for subsurface disposal of sanitary
waste in Jordan. Th. success or failure of this practice varies from area to area,
even frOIll building lot to building lot, dependinl upon the adeqlJacy of the
facilities vis-a-vis the loads they rec.ive and, particularly, upon the absorptive
capacity of the substrata. Table '-1 in App.ndix , provides curtain gen.ral
information as to the incidence of subsurfac. sewage disposal difficulties within
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APPRAISAL OF EXISTING WASTEWATER FACILITIES

the various municipalities of the Greater Amman Area. Steep slopes, rocky or
otherwile nonporous soils, and crowding of houses one upon another, all make for
bequent ceslpool pumpouts or overflows.

The physical facUities typically uled for residential (and other) subsurface sewage
dtapolal are depicted in Figure 6-4. They consilt of a vented sewer pipe inlet to
an extremely small septic tank or limply a "trap," a run of connecting sewer, and
a Ihallow, open bottom, rectangular Ihaft with rubble concrete walls, perforated
on one 01' more sides and surrounded by native soil. This information also includes
typical dimensions for tJutee general size categories and estimated late 1980
construction cost estimates for same. As mipt be expecte~j it is more common
for the larger installations to be found on the premiles of the more affluent and
the smaller installationl on the properties of lower income perlons.

These same economic factofS also favor the higher income groups residing in
larger buildings located on larger building lots than occupied by the lower income
group. Zoning regulations of Amman Municipality are the standard ellewhere al
well. They are Uled tJutoughout other mwdcipalitiel and e,-,)n villagel of Jordan
and are administered by the ministry of Municipal and Rural Affairl and the
Environment. Smaller lots would be expected to entail increued frequency of
septage pumpinK 01' ov~rflowing, for the unit loadings of the insta!latiou are
likely to be greater than for those on larger lots.

However, dilposal difficulties may be more influenced by sublurfaae ..oil
conditiona, Even so, it il expected that COltl for cellpool maintenance are
disproportionately higher for very 1mall loti and inltallationl than for larger loti
and inatallations. For that reason, certain additional couideration il given to
cesspool inltallationa on different size building loti.

For example, it may be noted that for the lugellt lots conaidered (Zone A),
ceslpools may be located cloler to a property line than may the building itlelf,
while in the Imallelt loti (Zone D) the reverse il true. Due to high land COltl and
needl for hauling, it apparently il common to utiP~".- the available lot to thf!
utmolt, puticululy in the lower (Imaller lot) zont" l'hil frequently relultl in
ceupooll being in fairly clole proximity to the buildb...., In such zonel. There are
currently no Itandudl for conatruction for luch inatallationl; the only controls
extant ue the minimum lepuation diltancel from property Unel. The
combination of limited fundi and small buildiq loti often relultl in a cluatering
of undersized cellpool iutallationa in certain relidential area, with little
opportunity to enlarge them or alternate the leaching facilitiel with standby onel.
The cODlequence is a need for frequent pumpouts, particululy where loil
conditionl are unfavorable for leepage. The smaller lots (Zone C) allow for
relatively little latitude in locating and constructing lu"urface elilPOla1 Iyltems.
Zone D conditions are even more restrictive.

FUTURE OUTLOOK FOR CESSPOOL SYSTEMS

Although the investigation did not cover the matter of cesspool iDlltallationa and
their future outlook in great detail, some general observatiou appear warranted:
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• Some ces.pool inata11aUon., operaUna in favorable soils conditionl, may
function many years and require only infrequent pumpout. Other
inata11atlonl will require more frequent pumpout, and for lOme the •
frequency wU1increue with the pauaie of time. It I. possible al.o that
some in.tallationa will fail completely after a relatively short time, and
correction of the condition. wUl be difficult, virtually impo'lible in
i.olated case••

• Sewering of lome areas may be found to be the be.t solution from .everal
standpoints, including public health, ieneral sanitation, and (depending
upon sub.idles) even economic.

• Becau.e of groundwater pollution, there .bauld be an empha.iI on
lIewering the urban areu of concentrated population. Private sub.urface
sewale dispo.a1i. normally practiced for an interim period until such time
as urban infill makes sewerlnl economic or until other condl tiona require
sewerinl'

• Within AWSA, it appeal" likely that there will continue to be a .ub.tantial
unaewered population for levera.l yearl. By 1990 there will probably Itill
be about 2,0 percent of the population of Amman unconnected to sanitary
sewers and thus practicini IUbiurface dispolal. Thl. could be al many al
2,14,000 perioDi still served by cellpoolinatallations as compared to a 1980
estimate of UDlewered population of about 400,000 perlons in Amman
alone. If .ewers lI'e not extel.ded beyond Amman, there would be several
hundred thou.and pere~nl contributinl to septaie dilchulel to the
underlP'ound from thlese lI'eal.

If there were to be no additional sewerale facUitiel in the Greater Amman Area
beyond thole already programmed for AWSA, Salt, and Zarqa/RUIeifa, the leptale
production and ces.poolloadiDis would be approximately u shown in Table 6-9.
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TA~.P

(. MINIATURE
SEPTIC TANK)

SCHEMATIC PROFILE-NO SCALE
ITEM SMALL AVERAGE LARGE

L.,W.D (METERS) "

I

'TRAP 0.4.0.4 xQ5 , • 1 • 0.'
.

2.2.,
CE.S~POOL 3 • 2 ., 3 3.3.3 8.4x3

CONSTRUCTION 370 500 1, 150
COST, J D. 1910

PROFILE DATA ON RESIDENTII.L SUBSURFACE

SEWAGE DISPOSAL SVSTEMS.

FlGlRE • - 4



TAIU 6-9

no.JBCIID SBPrMZ P&CIJUCt'IOIi .... 1lAJ0& CCIIIJ!IITIES IF
.. QllPIOGUI.... SE1IBUGE FM:ILITDS .. 10 ...ILT-

10....

1990 2000
Population Pop'. Sept-ae Prod'. Pop'. Sept-ae Prod'a

Areab 1,00n Ie. w.2I/yr 1,000 Ie. I'Df/rr >
I'd...... {Total) 1,020 85 - 1,305 95 - I'd:a

~ (V.a.red) 214 85 6.64 196 95 1.81 >....
Zarqa (Total) 295 72

tft
~ 421 ao - >

Zarqa (....ewere.) 101
r"

7Z 2.7l 118 ao 1.44 0
au.ifa (Total) 91 61 - 125 71

IWJ- lSJ
au.ifa (Vuevered) lZ 61 0.7) 15 71 0.91 :>c....

tft
Sclmeller C-. 24 60 0.51 24 70 - 0.61 ~0' Subur.... tina 92 75I 2.52 285 85 8.84 0w....
SUifeileh 11 60 0.61 44 ~70 1.12 >
Vadi ea Sir 39 75 1.07 62 85 1.92 tft

~

laqa'lI ea.p 45 60 0.99 45 10 1.15
l:'IJ
~

...'ur 7 60 0.15 10 10 0.26 >
~

S....b 17 60 0.17 24 10 0.61
lSJ:a

Salt (Total) 47 60 - 66 10 - IWJ
>

Salt (......redj 5 60 0.10 1 10 0.01 n
F

a 3
..aie popu1atioaa ... per capita ..atewater production i. litera per capita per .~ (led) are fra. lSJ

tft
Table 5-6.

b
It ia ..~ for tile puEpORa of tlda illuatration that the peree.t..ea of populationa ..red ia the
future will be:

"iei,ality 1990 2000

~ 79 96
Zanaa 65 12
luaeifa 65 12
Salt 90 91-.

:>
~
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CHAPTIR7

CONSaRVA-110M AND MANAGIMINTOr RESOURCIS

O.v.lopment of the w••t.w.ter di.po.a! ma.t.r plan mu.t con.id.r r.l.vant
up.ct. of vuiou. n.tural rllOurC.. of the Qr••t.r Amman Ar••, puticularly
w.t.r re.ourc... Accorelin.ly, thi. chapter di.cu••• curr.nt urul.lD.nt. for
w.t.r re.ourc•• lDualem.nt, w.t.r r.IOUfC'l. in••ntori•• and d•••lopm.nt planl,
w.t.r pollution control uran••m.nt., and wat.r quality conditiona, Wat••
r.cl.m.tion and r.ua. r.plationa, crit.ri., .nd potential. ar. eIi.cUlled r.l.tive
to po••ibl. applic.tion. within the Or••t.r AIDman Ar... Tr.atm.nt plant
.ffluent dischar••• into ••di. l.adiDi to the Jordan Valley are cOrllid.r.d .itb
r••p.ct to ••••onal irrilation d.lDand in tb. Jordan Vall.y and for pOAible
influence upon the Mut.r Plan for Wate.at.r Oi.po.al. Brief IUlDlDar,
inform.tion i. p....nt.d on land r.IOUlc•• and upon .n_1Y with r••pect to the
Mat.r Plan. Thi. th.n h.lp. ..t the .t..e for the EnYironm.ntal A••ulD.nt
pr••ented in Chapt.r 9.

WATIR RESOURCES

It i•••eU e.t.blilhed f.ct that Jordu, incluelin. the Or••t.r AIDman Ar••, i.
w.ter-d.ficient. Tbi. lDatter i. of dir.ct r.l••anee to thi. Mat.r Plan for
W••t.w.t.r Oi.po.al, for the manner in .hich the wut.water treatm.nt plut
effluent• .,. eIi'poI.d of and/or r.u••d hal • b• .,illl upon the quantity, qualit,
aDd ready .v.il.bility of water for the .arioUiloealttie. within the Area.

CURRENT ARRANOEMENTS FOR WATER RESOURCES MANAOEMENT

Durin. Jordan'. N.tional W.ter SylDpO.iUID, (March 1978) .e.eral ilDportant
pape.. .er. pre.ented which bore upon the couer..tion ud mu..em.nt of
relOuren. Amon. thne wu a ..vie. of pr••ent le...lation &Del inatitutlon.
In.ol.ed in the ••ter dfuN in Jordan, with .pecial .tre•• OD the major
defldenet•• aDd eonatraint. of each.1 It wa pointed out that the w.ter .ffair. on
the rellonal and/or national 1•••1 iD Jordan, .ere mUlAled by four major
lnatitutional

(1) The N.tural RnoUlce. Authority (NRA)
(Z) The W.ter Supply Corporation (WSC)
(3) The Jordan Valley Authority (JVA)
(4) The AIDman Water and Se.er••• Authority (AWSA)

Table 7-1 .umlDarize. brien,. the role. of the.. four key •••nde. in ••t.r
relOUlee. lDua.elDent, inelucUnl wutewater (.ewale) matter., a de.crlbed in
the pap••1

It wu noted that none ,,~ the four ..enel.. U.ted in T.ble 7-1 wu I.,ally in
char.e of forlDul.tlnl and procellin. national .ater policy nor in o••rall control
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CONSERVAnON AND MANAGEMENT OF RESOURCES

of the national water resources and data acquisition required for policy
formulation and administration. The paper oblerved that there wa a lack of a
central coordinating agency for water poUcies, data acquisition, and water
resources and that the four agencies were generally independent of each other. l It
wal felt that this situation would become more difficult .. the current trend was
to force development plans into regional packages in Amman, Irbid, Aqaba and
other regioDi along the same Hne u wu being implemented in the Jordan Valley.
ThUl, without a national approach, there would be conflicting intereltl and
possibly conflicting decisioDl might be made without the decision makers having
the means to define priorities and allocate water resourcel properly.

The paper recounted Governmental recognition of the situation by inclusion of a
national water muter plan and a water relOurces poUcy u one of the major
objectives of the 1976-aO Five Year Plan for Economic and Social Development.
The paper noted the completion by AFar and HydltotechDik of a National Water
Malter PlanZ and presentation of an earHer paper which summarized the worka of
this major planning effort.3 The Nimry paperl advocated estabUlhment of a
water board capable of proceulng and formulating the water budget and policy
for the Kingdom and having means to conduct water studies and inveltigation. It
also favored a "Water Act" which would supel"lede every other law in matters
relating to the allocation and control of water resources and would require that
any party, public or private, obtain a license 01" permit from such water board
prior to constructing daml, drUling we11l, or utilizing water resourcel where such
might impact the water balance of the COUDtry. Other recommendations included
maintenance of water meters and consumption records and prohibition of any
public agency liceDling any new indultrial, urban, or agricultural product that
requires water in any put of the country without the approval of the board.

It is understood that coDlideration hu been given to the recommendatioDD
regardiUl a National Water and Sewera~e Authority and a committee comprisiDi
representatives from AWSA, WSC, Nil.A, JVA, and MMRAE (Miniltry of
Municipalities, Rural Affail'll, and the En\'ironment) hu proposed legislation to
establilh such a National Authority. With!n this Authority, the individual major
governmental agencies could become departments. The propola1 il prelently
UDder consideration in the Prime Minister'l Office.

WATER RESOURCES INVENTORIES AND DEVELOPMENT PLANS

The water resources inventoriel and development plans of Jordan in general and
North Jordan in particular have been reported upon exteDlively by others and will
not be described herein other than u brief summaries to provide a context for the
Mastel" Plan for Wutewater Disposal. Z,3,4,5,6,7,a,9

Compuison of Supply and Demand

Table 7-Z presents a capsule summary of water resources relevant to the Greater
Amman Area. A rough comparison of the yields of the already develop~d

resources listed to the projected water demands for the Area (Table 5-6) indicates
the serious nature of the water deficits and the heavy reHance beini placed upon
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CONSERVATION AND MANAGEMENT OF RESOURCES

impol'tation of watel' to the Amman Area (and Zuqa Al'ea) and upon I'ecycllng of
sewage effluent into the system. This problem has been commented upon widely
by v8l'ious authorities. For example, a recent stuely pl'ojected that by 1987 the
watel' demand in the Amman-Zuqa District would be mOl'e than three times the
1977 production and five times the safe yield of sources then used.s The study
has also compared the estimated domestic and industl'ial watel' demand and
agl'icultural watel' requil'ements pl'ojections for ZOOZ fol' four North JOl'dan
Districts (compl'ising a considel'ably largel' uea than Greater Amman Al'ea) with
watel' available to meet these l'equil'ements.s,lO The yeu ZOOZ data were as
follows:

!!!!!
Domestic and Industrial (MBc!).

Watel' Demand
Agricultural (Ag). Watel' Requil'ements
Total Projected Requirement
• MBcI denotes urban, Ag denotes agl'icultural

Exploitable Gl'oundwatel' Resources
(Excluding Mining Potential)

Estimated SUI'face Watel' Resources

Total Potential Watel' Resources

Value, MCM/p

Z89
63Z
9Z1 (fOI' all
four North
JOMan Districts)

74
683

757

It wa estimated that if adequate surface stol'8(!e wel'e pl'ovided, it would be
possible to utilize about 550 MCM/YI' of the 683 MCM/YI' of surface resoUl'ces
listed (about 80 pel'cent), the balance being wasted as flood Oows.10

Regarding I'ecycling and I'euse, it has been repol'ted that I'eturu bom domestic
use nOI'ma11y exceeded 50 pel'cent of supplied watel', but I'eturu bom industl'y and
agl'icu1ture wel'e much lesl and so wel'e considered negligible in ulelsments of
relOurces.s Some indirect I'euse of watewatel' hu been meady occurring, eithel'
via pOUDdwatel' recharge bom ceslpools 01' impoundment of surface watel' at
King Talal Relel'voir. ~ genel'al some indil'ect I'euse of wastewatel' effluent in
public watel' suppl~ occurs with inCl'easilll fl'equency in the heavily populated
ueas of the wOl'ld. IO Nevel'theleu, dil'ect I'euse of reclaimed effluent fol' potable
supplies is I'uled out based on the fact that the quality considel'atioDB fol'
agl'icultUl'al reuse of watel' ue Ie. I'igorous than those for domeltic uae.

Of other sudace watel' development potentials, two wel'e within thle Gl'eatcl'
Amman Al'ea: Zuqa (at Deb Alla) fol' 67 MCM/YI' and Salt-Madtiba for 68
MeM/W. These developments appeu to be indefinite and ue not considel'ed
herein.5

Gl'oundwater

Despite cel'tain data limitations, poundwater resources of JOl'dan have received a
major consideration in various studies in I'ecent years.Z,5,7 Table 7-3 presents a
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'UILI 7-3

SUllfUy O? PlDfCIPAL GIOUHDWADI USOUICIS· SUITABLI lOR

CONSIDIIATION AS A SUPPLI

SUl'f.cI V.tll'
C.CC_Dt

B ••b

N.tiaD.l W.CII' Kalt.1' '1.2

I.tiaat••

Av.il.bl. Stal'ld
Gl'ouadYat.1' Gl'aUDd..tll'

IDlYI' 11:II

Wat.1' U.. Stl'at.175

Iltillatl.
r.val'abll Izploit.bil
VIllfilld Gl'oUDdvat.1'

Area "'OUI'C••
Ja/YI'

lama"
Ul'aq*
N I D.'ll't.
V. DhullU :
UPPII' Z.l'q.
J.I'••h*
AjlU11 •
Salt-Madaba .

15
20
10
1.5
2.5
17
18
25

2.5

600
1680

50
540
720
440

1700
1900

1160
(
(
(
(

S_ Noud 5 - 10
11 ul'aqd 10 - 20
• I D•••l't 5
Dbul.il 18 - 21
~-Z.q. 20
...... 2.5
...11 local IUpplil.
·...11 loc.l .appU••

qa.cal 5
qati'.... 1.5
Sl.... 1.5
SulCal 3.6

(PaotDot••)

·StOI''' Il'oUDdv.t.1' i. withiD 150 • of lI'oUDd .ul'facl. I.C~t.. of
Il'oUDdv.C.1' I'I.aul'c••1'••~.ociilt.d witb Ch• ..-II iIuIividual f",ol'ul1
.1'••, aDd u. b.... aa ".&fl ,i.ld." V.lu.. quotH iacl.. pl'.....c
.b.tl'.cciOD. Th. up·laic.clOD of ., of tb••e I'I.OUI'C•• iI Uk.l, eo
I'lduc. IUl'facl b•••flow.'
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CONSERVAnON AND MANAGEMENT OF RESOURCES

summary of principal groundwater resources suitable for considerations as supply
based on two of these studies. Figure 7-1 presents the Ammu-Zarqa buin, which
is in the Greater Amman-Zarqa basin, and also in the Greater Amman Area.

Groundwater is a very significant portion of the total water resources. It.
protection for continued usefulness i. mo.t important. Although detailed
consideration of the aquifers is beyond the scope of this report, it i. of interest to
consider generally the recharge of the aquifers ad movement of groundwater a.
they may influence wastewater management alternatives.

Figure 7-Z presents a map of the Greater Amman Area showing approximated
groundwater movement and recharge areu.ll The illustration also considers the
Wadi Mujib Groundwater Flowmap for the Amman-Wadi e. Sir SystemS and the
Water Re.ource. Study Geological Map.7 It will be noted that coDiiderable
recharge area coincide. with the urbanized portions of the Study Area for the
various aquifers. This is of great concern u regard. the discharge of relatively
large quantities of ceupool effluent into the underground, most of it of potential
impact upon underlying aquifers. In this connection, it would be desirable to
reduce recycling of ceupool effluent in the future for the Amman-Zarqa
GroWldwater Basin and finally eliminate such cycling completely. PrelUlDably,
wet year rainfall penetration capture might be enhanced somewhat if there was
le.s septage in the ground. In view of the high proportion of non-couUlDptive
pumpage for dome.tic, inigation and indu.trial purposes in the Upper Zuqa Area,
the potential capacity of the upper aquifer could be considerably increued by
better management which would include minimizing wute recycling and artificial
recharge.5

In the Upper Amman Zarqa Area, rechuge to the lower aquifer is mainly at the
outcrop area northwest of Amman by direct rainfall infUtration.S Natural
rechuge to the upper aquifer takes place by direct iDfUtration .of rainfall in the
outcrop areu and to a greater extent by indirect streamflow infUtration throuah
the alluvial deposits.S Artificial recharge is via sewage effluent, cellpools,
leakage from the water distribution network and return i~ilationwater.7

In Baqa'a Area, recharge of the two aquifers (Kurnub and Zarqa) is accomplished
by direct infUtration, runoff, and springflow dischuFng from the N.'ur
formation.S Baqa'a Valley is an important agricultural area and irrigation returu
are a recharge factor.

In the Amman-Wadi es Sir aquifer system in the Wadi Mujib Butn (southerly of
Amman) recharge occurs directly by rainfall and indirectly by concentrated
surface runoff, return irrigation flow, surface reservoirs, and transfers from other
aquifer system••

CURRENT ARRANGEMENTS FOR WATER POLLUTION CONTROL

Another important paper presented at Jordan's National Water Symposium
considered the current statUi of potable water pollution in Jordan.4 The authors
stated that Jordan lacked a comprehensive legil1ation on water pollution and that
provisions on pollution were scattered among different laws. Such provisio... have
contained at least two basic principles: restricted zoning for catchment ueu and
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CONSERVA'I10N AND MANAGEMENT OF RESOURCES

contl'ol of wute dlachuge Into watel'bodlel aDd leWel'l. It noted that prelent
lawl OD pollutiOD contl'ol were DOt fully Implemented, pOllibly bolO inadequaciel
iD the law 01' by lack of competeDt pel'lGDDe1 to cury out the reqwl'ed dutiel." In
a brief IUlDm8l'y of exiltilll anti-pollutioD lelll1atioD, the foliowilli provilioDi
weN Dotedl

Pl'oYiliou

NatUl'a! ReIOUI'Cel
Authority Law No.
lZ-1968

Amman Water and Sewerage
Authority Tempor.y Law
No. 48..1977

Watel' Supply Corpol'atioD
Law No. 56-1973

Public Health Law
No. ZI-1971

Public Sewerage Law
Temporuy La. No.
lZ-1977

DefiDel pollutioD a chaDpnl the phyaical,
chemical and biolopcal chuacteriitici of .at.
to luch aD exteDt that may limit ita use.
prohibita any pel'lGD from iDtroduciDl iDto the
.aten any pollutiDI matel'ial without a pel'mit
specifyiDl the kiDd of poUutiDl material and
l'eqwl'ed pl'otecth,e meaUl'el.

IncludeI pl'otectiOD of watel' from "pollutiOD" ..
ODe of the aims of AWSA and pvel AWSA the
pow. to ntabUlh reltl'icted ZODea for
protectioD of watershed uea.

DefiDel "watel' pul'ificatiOD" a the remoftl of
all harmful wbatucel 10 that driDldIll .at. il
up to the WHO ataDcluell; allOWI WSC to retaiD
the po.. to claim pl'otectiOD ZODel for .ater
wOl'b, inclucliDl the powel' to acqull'e land and
property.

Definel dl'iDldJll .at. a .atel' "free bolO all
physical, chemical or bactel'ial pollutiOD'" pvel
the Mbdluy of Health the power to examine
watel', fOl'bid the cliItributiOD of unlafe water,
ud approve De••ater IYltems; Nquire. all
le••ase Iysteml to CODfol'1D to the health
relulatiou.

COvel'l all munlcipalitiel except City of AIDman.
prOvidel lelal pound for mUDicipalitiel to lutall
ud operate Hwvase Iysteml aDd collect
reVeDuea; requil'el that iDdustrial .at. conform
to ntabU.hed Itanclucll fOl' acceptuce of
disch_Ie Into the public .yltelD.

The papel' Itated that iD Jordan, lepllatiOD OD pollutioD il inadequate udthat
many lectioDl iD the prelent la. have Dot beeD implemented. In the absence of
natiaaally accepted atand8l'c11 01' iDltructiODI bom 10vernIDent ..encl.,
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conaulting engineering firms usually deri,ve their own parameters for effluent
quality, but these may not always meet local environmental protection need8 01'
objectives.

The paper recommended centralizing relponaibility for, all water supply and
pollution control activities under a single ol'ganization which could be put of an
agency to control water planning and management. It recommended
establi8bment of a national authority to deal with lewerase worD and a watel'
quality unit in which propam. could be conducted on problem. of national
significance. It allO recommended impl'oved data collection, evaluation, and
iDfol'mation dis.emination on watel' pollution control activitie., meUUI'es, and
conditions. It advocated application of buic water .anitation principle., more
and better operated and maintained lewale tl'eatment plant., trainina pl'opam.
for both profesllonal and non-profel.onal per.onne1, impl'Oved watenhed
management practices (particularly apicu1tural practice.), and encouragement of
industrial in-plant controls for reduction of effluent 10ad8." .

Regarding indUitrial pollution, the Mini.try of Health has peremptory power to
stop the dumpins of hazardoD wute. into the environment - e.I., watel'counel 
- u long u it has evidence to aupport is contention that the dilchulel are, in
fa-ct, hazardous to health.1Z The Minister of Health hu dilcretionary power to
shut down any industl'y he finds is tbreateniq the public health by • hazardous
practice.

At the pl'esent time, the v8l'ious recommendatiou pel'tainiq to strenphened
pollution conuol laws and meana of implementation 81'e under coDlideration by
the Government.

MONITORING OF WATER POLLUTION

The principal activiti. in monitoring water pollution within thei Greater Amman
Area have been thOle of the Natural Resources Authority (NRA) and the Royal
Scientific Society (RSS). Watel' pollution, under it. broadest definition, il not
confined to point soUl'ce diachules. It also includes non-point lOurce dilch8l'le.
such u from miniq, apicultural practice. in application of pelticidel,
fertUizen, ami even inilation watel'.

For example, NRA Water Laboratory data show mineralization and quality
changes of groundwater in the Wadi DhuleU Region u a result of apicultural
development. AD avel'age inCl'eue in Total DilsoJved Solidi (TDS) of Z91 percent
durinl the periods embraced by 1971-1977 wal Doted in the IIx weUI Itudied."
Although the water quality wu still acceptable for inigation of many type. of
crops, the trends were alarming. Generally comp8l'able data were also presented
fOl' well water mineralization in the EI-Jail' Region. Data were also pre.ented
from NRA analyses of groundwater quality showins the effect. of Ul'ban type
pollution.

The RSS has been active in .ampling of lIUI'face waten, notably the SeD Zarqa and
King Talal Reservoil' (.ee Appendix H). In addition, the ass hu sampled many
indu.trial wutewaten. The picture provided is one of increaaing advel'.e impact.
of Ul'ban wutewaten upon the sUl'face waten.
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VlATER QUALITY CONDmONS

The NRA, RSS, and AWSA laboratorie. have performed mo.t of the &Daly.e. of
water quality within the Greater Amman Area. Compllatiou are .omewhat
limited, but additional data are poadually beinl compiled. The native waterll tend
to be of a calcium mapemum bicarbonate nature, but the effect. of human
activitie. are beiDi felt. The principle i. lllUltrated in Fipe 1-3 which dI.play. a
Ichematic dlapam of water .upply and wutewatel' dI.po.al within the lUle.t of
all the drainageI in the Study Area, the SeD Zarqa Drainqe. The .chematic il
intended to indicate the upects and iuuel of relOurce. and couervation and
mlDalement which mUlt be recopized in the development of the wutewatel'
dtlpOial muter plan. Thele are intel'l'elated and include:

• Surface water qUality Uld quantity

• Groundwater quality and quantity

• Dilpo.al of wutewater and beneficial Ulel of treatment plant effluent

• Public health concerDI

• Geopaphical relationship. (Plateau, Wadi., Baga'a and Jordan Valle)'!)

• Ccetl of water and wutewater manalement, u may be influenced by
horizontal and vertical diltance. involved in potential faciUtie.

Surface Water

Table 1-4 prelentl a lummary of 1970-73 river lamplllll data from the Zarqa
River (Sell Zarqa) u reported in a recent cODiultant report.S More recent and
compl'eheDlive analysel were pl'elented in certain fea8ibutty .twlte. for AWSA,13
data from which are ab.tracted in Table 7-S. The impact. of Ain Ghazal
Treatment Plant (AGTP) efnuent and other effluent. are implied. The effluent
from AGTP already OOWI via the Sell Zarqa directly into Kinl Talal Re••voir.
En route it i. in communication with the uppel' aquifer of the Ammu-Zuqa
Groundwater Ba8in and it il al.o Uled both u a direct and incUrect lOurce of
il'l'ilatiOD lupply to the many riparian farm. between Marka Uld the confluence of
Sell Zarqa and Wadi edh Dhulell dowDltl'eam of Sukhneh. Durinl uy weather, the
AGTP effluent il the major if not the IOle source of Seil Zarqa flow. Within the
next leveral monthl, thil now will be aupented by efOuent cU.charlel from the
new wutewatel' treatment plUlt of the Municipality of Jarub. Within a few
yearl, the efOuent of the propOied wutewatel' treatment plant of Zuqa and
RUieif. will add meuurably to the flow. ThUl, a .ipificant portion of Kinl Talal
RelerVoil"l impounclment will repl'e.ent municipal treatment plant efOu,nt, the
remainder beinl Oood IDd frelhet runoff plUlsome Iprina-fed flow.

Pollution of the Sell Z8I'qa hu been a matter of Ireat concern to many
authorities, not only from the Itandpoint of riparian Ule of the water flowilll
toward. KinK Talal Relervoir but allO becaUie the re.ervoil' water hu been
pl'o,o.ed for Ule u a lupplementalsource of uinkiq water for Amman.4,6 KinK
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TABLI 7·'
SUUACE WATEI QUALM - ZAIQA .IIVII, 1977 a

ae.ult. are .tated iD ../1

Jaauazr 1977 rebru!£l 19771
j

.Coa.dCueat aad
Locacioa of Sampl.

AIIdoUD
TnS

Chloride
S'4iUace
Nicr..~te
COD

M1fP Effluenc.
TnS

Chloride
SuUace
Nierace
COD

Dcnm.Czoe.. of N1tP

TDS

Chloride
SuUace
Hieraee
COD
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•
TABLI 7-5 (Cont'd) I

Coutitu.nt &lid •
Locacion of S·'P1. :!!.t'..!!!l.,l2!! r.bnan 1'77

a....if_
'rDS 317 640
ChloZ'id. 51.5 113.6
Sulfate 24.0 45.6
Nitrac. 21.3 1.8
COD 526.6 803.6

.aj_ Brid••

'rDS 333 832
ChloZ'ide 51.2 151.7
Sulfate 24.0 40.3
Nitrat. 1'.2 0
COD 533.' 1,313.2

laZ'qa BZ'id.. (ZaZ'qa)

TDS 326 768
Chloride- 51.6 142.4
Sulfate 31.4 52.1
Nitl'ate 11.3 1.1
COD 134.4 1,521.1

lev Jara.1l Bdel.e

TDS '21 557
Chlorid. 221.' 111.1
Sulfate 151.7 77.1
litZ'at. 13.3 17.3
COD 70.1 176.4

a
....ltl u. taka fl'_ Tabl. 5, Zarqa ti".Z'· QualiC7, ."il'a.IIlcal

AlI'I_t GIl~ wacu ad S...n •• Pl'oJect. 13 TIle r.lule. u.
puported to refl.ct ecre. cOllclitiou dUl'illl Ilip flow periodl,
but after clae fil'IC balf of the rl!iD,. e...aI.
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Tala! Dam was constructed by the Jordan Valley Authority (JVA) as a major
impoundment for irrigation water within the Jordan Valley. Releases from King
Talal Dam are already supplying irrigation works of the JVA., as intended. The
East Ghor Canal, the backbone distribution facility of the JVA, is fed primarily by
the Yumouk River but it also is fed by King Talal Dam. -The East Ghor Canal
water is used by a few inhabitants in the Jordan Valley, presumably for domestic
purposes.4

In connection with a study and report and immediate improvements and expansion
of sludge facilities for the AGTP, the Seil Amman was sampled about 400 m
downstream of the AGTP's effluent discharge on September 9, 1977. The flow
represented euentially undiluted AGTP effluent.

The Royal Scientific Society (RSS) commenced a three-year project of sampling
King Talal Reservoir in July 1980, including both surface and depth samples with
both in situ and laboratory analyses of vo.ricut!I quality parameters. Preliminary
results of this work are summarized in Appendi" H. Earlier, RSS conducted a aix
month program of sampling on the Seil Amman, Seil Ruseifa, SeU Zarqa, and King
Talal Reservoir, the results of which are also summarized in Appendix H. The
program results to date reflect the conditiou in both the river system and
reClP.l'voir that would be expected in light of the pollutants burden which they bear.
The reservoir, however, does have lOme assimUative capacity, particularly
following the large impoundments of the 1979-80 rainy season occasioned by
heavy flood runoff. AllO, there is lOme attenuation of certain pollutants in the
fiowing river system. Neverthelell, the conceru over pollution are real. and well
founded. The RSS will lOon expand its stream sampling program to include
various tributary wadis to the Seil Zarqa, the intent being to provide background
information prior to the activation of the Jarash Watewater Treatment Plant a
well u general quality information on the overall river system.

Groundwater

The groundwater basin underlying the moet heavily populated area of the Greater
Amman Area is known as the Amman-Zuqa Basin, u previously depicted in
Figure 7-1, which is adapted from the Water Resources Study of 1976.Z The Buln
contains an unconfined upper aquifer of complex geololPcal formation and a
confined lower aquifer which is largely homogeneous and nearly of uniformly thick
rock formation. The potential recharge of the 1~pper aquifer is in the order of ZO
MCN, half of which is experienced in areas c:lowutream of Amman. As a result of
a hydrogeological model study, it was concluded that the extraction of 13 MCM
witlJn Amman from the upper aquifer could continue only a long a the current
recharge of the aquifer by ceslpool seepage and water distribution network
leakage continued. It was noted that the upper aquifer quality wa stronlly
affected by human activity and that nitrate concentrations frequently exceeded
recommend WHO maximUID permissible levels.

It was reported that the lower aquifer is potentially recharleable in the order of
5 MCN, about half of which should be extractable within Amman.Z
WeDs penetratinl the lower aquifer were also affected by human pollution. It was
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concluded that either the lower wells draw from both aquifers, upper and lower,
or a leakage of water from the upper to the lower aquifer takes place in the wells.
Human pollution of the aquifer(s) is characterized by high niuates, but it also may
involve increased mineralization and bacterial density increasas. A comparison of
1966 conditions with 1973 conditions of 14 selected wells in the metropolitan area
of the Amman-Zarqa Basin showed total dissolved solids (TDS) increases ranging
from Z to 1Z9 percent and averaging 66 percent.4 Increased chloride levels in
these same wells ranged from 36 to 6Z4 percent and averaged 195 percent. This
reference also showed an example of an industrial well in the Awajan area which
had been uncontaminated in 1957 but showed signs of slight contamination by 1965
(based on mineralization) and grog contamination by 1973.4 The reference also
cited Shehabi5 as determining that ZO out of 46 wells in the Amman-Zarqa area,
when sampled during July and August 1975, exhibited coliform organisms,
indicating pollution. The sampling and bacteriological analyses were made upon
raw water. Chlorination is being relied upon heavily for reduction of coliform
denai ties to acceptable levels in drinking water supplied by such wells.

Increased nitrates and salts are not the only manifestations of groundwater
pollution by municipal and industrial activities. OU pollution of AWSA Well No.
A9 and bacterial pollution of Wells No. A8 and AZ8 have been observed.7

It is evident that indirect recycling of wastewater efOuent already takes place
and much more will be experienced in the future with the continued population
growth and the advent of importfld water.

DRINKING WATER QUALITY CRITERIA AND CONSWERAnONS

Table 7-6 presents dIoinldng water criteria which might affect pubUc health
proposals by varioua authorities. Comparison of proposed quality criteria of these
authorities shows a marked similarity, for the mOlt part, for the quality
constituents or parameters. It is also of interest to note that, except for the
constituents arsenic, cyanide, and orgaaic matter (CCE), those conatituents
common to all three United States studardB, bepDDing in 196Z and endiDl in
1975, have remained unchanged during this time period.

The proposed quaUty criteria oripnate in various indu.trialized natiou; hence,
the attention paid to various heavy metals, organic matter, and pesticides. These
are apt to occur in greater concentratioDi in the water resource. of industriaUzed
nations than of non-industrial nations. In Jordan's case, they muat be borne in
mind inasmuch as some indusuy already exists and more is prolrammed.

Pesticides are potential problems in waten draiDing from agricultural areu, and
Jordan may be no exception. Nitrate nitrogen is also a factor in agricultural
drainage, particularly where chemical fertUizers are employed.

Of immediate concern to the Greater Amman Area are the Table 7-6 parameters
of nitrate nitrogen, coliform organisms, E. Coli, and virut. Another constituent
not included is residue upon evaporation, also known as Total Diuolved Solids
(TDS). Apparently no agreement has been reached on acceptable limits of TDS as
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CONSERVATION AND MANAGEMENT OF RESOURCES

far as public health is concerned, although various authorities promulgate
objectives for this parameter. These may be bued upon aesthetic and physical
considerations as well u health considerations. For example, the State of
California Deputment of Health hu set a standard of 500 mill TDS in drinking
water for many yeus pUl'8uant to administration of the Pure Water Law and
issuance of domestic water permits. Howeve~, many of the natural fresh waters
of California contain more than this 500 mill TDS level. The Department
recognizes this condition and, where no supplies are avaDable to meet the
500 mill TDS standard, will accept up to 1,000 mill TDS.

Nitrate ConcerJ18

The criteria of Table 1-6 are goals which lhould be striven for. With respect to
nitrates, it is noted that a typical per capita contribution of total nitrogen in
municipal wutewater in the Western United States is about O.OZ kg/capita/day.
Based upon a pel' capita wutewater flow of, say, 15 lcd, thil would correlpond t9
O.OZ x 106/75 equals Z61 mg/l total nitrogen. However, meuurement of both
ammonia nitrogen and nitrate nitrolen on raw .ewale and efftuent at AGTP
during seven lucceuive day. in September 1911, .howed that the averqe
ammoDia nitrolen of the influent wa 1Z3 mill and of the effluent wu 109 mill,
there being relatively little vuiation in the levels from day to day.9 The nitrate
nitrogen showed somewhat greater variation, but th\;l levels in inftuent and
effluent were both low, averaaiDl O.ZO and 0.60, reapectively. These data
incllcate that the per capita contribution of nitrogen may be alpificantly Ie.. than
that experi~nced in the Western United States.

AU but one of the proposed (maximum aUowable) nitrate nitrolen concentrations
in Table 1-6 are 10 mgtl. Thil corresponu to 45 mgtl nitrate concentration. The
reuoning behind thi. standard has been the po..ible implications of
methemoglobinemia in infants who conaUlDe water baviDl concentrationa in exce..
of this value. High nitrate concentration are not thoUlbt to be of hel1th
sllnificance to humans other than infants (.ee cUscuuion under Chaper 4). It
should be noted that once nitrog. compounda such u ammoDia become oxlcUzed
to nitrate in natural waters, it iSlenerally impractical a well U UIIeconomical to
reduce the nitrate concentratlnn other than by blencUnl with low nitrate water,
wbere necessary. Thi. cllctatel handliDl the nitrate problem in wutewater
treatment plants before effluentl are releued, ..uminl that luch is determined
essential. .

Salinity Conaideratiou

Dluolved mineral salts are added to water in the procels of convertiDl it to
waltewater from dome.tic, municipal, commercial, and indultrial us... The TDS
of such a wastewater II uaually significantly peater than the frelhwater from
which it is derived. During 1913-15, the averale TDS of deep aquifer-derived
pOUlldwater from the Ammu-Zarqa Buin within the urbanized area repd
between 318 and 409 mgll.4 At the same time (1914), the TDS in the municipal
water .upply for Amman obtained from the wells at Ru El-in, Ain Ghazal, and
WacU es Sir wu 461, 550, and 361mgtl, relpect.ively.4
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The TDS of the AGTP effluent haa been measUl'ed at various times. The salinity
(TDS) of AGTP effluent wu reported to range between about 1,000 to I,ZOO mg/l
between AUll\l8t 1975 and May 1976.Z The Natural ResoUl'cel Authority (NRA)
determined the TDS of the AGTP effluent aa being 1,35Z and 1,Z39 in 8amplel
taken in 1976 and 1977, relpectively," and I,ZI0 mg/l TDS in the effluent on
Octobel' 6, 1977.9 It is appuent that recent TDS effluent concentl'atiollS have
been in the range of I,ZOO to 1,300 ml/l, and pl'obably the increment of TDS due
to variou8 uses is in the order of 700 to 800 ml/l, althoup thi8 has not been
specifically investigated.

As water is imported into Amman bom the AZI'aq well field and, poe8ibly, the
East Ghol' Canal or Eupbl'atel River, there will be an additional lalt bUl'den
imp08ed upon the local water resource8 of the Greatel' Amman Area. Howevel',
unleu widellpread inigation were to be undel'taken on the plateau - an event not
foreseen, at least for the near future ~ the bulk of the new lalt will flow into
King Talal Reservoil' as part of the increased quantitie8 of wa8tewatel' treatme~t

plant effluent. If King Talal Reservoil' supply i8 used as a future supplemental
supply for Amman, then will be a recycling of some of these lalt8, but malt of the
salt will find its way into the Jordan Valley with a major pol'tion pl'obably
reaching the Dead Sea.

The entire iS8ue of salinity il vel'y complex, and the use88ment of quality effectl
resulting from wastewater dispolal 8l'I'angementi CaD be addl'e.ed oll1y in a
limited degree herein. Much will depend. upon the actual quantity and quality
values involved in watel' impol'tation, gl'Oundwatel' extraction, l'ecycUng, ad
disposal, all aa related to various localities, basiDl, and drainagel. PrelimiDU'Y
work has indicated that a major problem may not nece.uDy exilt with I'espect to
TDS and I'ecycling from King Talal Reservoir.5 Thel'efore, for the plZ'pOI. of
this Ma8ter Plan, it is recommended that future inveltiaatiou of laUDity effectl
fOl' the various elements of the watel' relOUl'Ce8 be undel'taken pII1'8uant to major
developments for water supply, preferably a8 environmental aueumentl but at
leat as monitol'ing and contl'ol meuUI'es a1tel' the fact.

WASTEWATER RECLAMATION .AND REUSE

At the present time, there is no planned wutewater reclamation and l'eUie within
the Greater Amman Area. However, thel'e il ul'eady indil'ect recyclinl of
wutewater treatment plant effluentl from the AWSA and Salt plantl via the SeD
Zuqa and Wadi Shu'eib, I'eepectively, principally fol' inigation. Becaute of the
cunent lack of Itanduds fol' effluent dilchup8 and receiviDi water quality, the
conditions, particularly for the Sell Zuqa, do not conform to l'eplatioDl and
critel'ia developed by pOFelsive lovernmental 8Iencies el8ewhere. In genel'al,
achievement of high watel' quality standardl entaUs an appl'eciable c08t, and tbl8
may not be entil'ely pol8ible fol' Jordan for level'al yeul. Nevel'thelell, the8e
should be long range objective8 and balanced with other imponant objective8 in
ensuing Five Vee PlaD8. If p08lible, they should even be sbol't I'ange objective8.

1-ZZ



CONSERVA1'ION AND MANAGEMENT OF RESOURCES

Water Reclamation Repationa, Criteria and Potentials

Water reclamation regulations and criteria have been developed in the United
States and elsewhere for the various reuse applicationa of reclaimed wutewater
that might be considered for the plateau and desert of the Greater Amman Area,
viz:

• Lar~clscape irrigation

• Recreational impoundments

• AgricultUl'al irrigation

• Body-contract recreation and spray irrigation

• IDdustrial applicatioDi

Not included in the foregoinl are groundwater recharle 01' driDldnl water Ule.
The former is subject to coDlideration on a cue-by-cue buil. The latter IS not
considered a reasonable practice becaUie of potential hazatds to the public
health.

Although none (If the five appllcatiou lilted above appears to be a lood prolpect
for the ne8l' future, there may be lonl I'lDse prospectl. Therefore, a brief
discuuion of each is included below aDd in a peateI' detail In Appendix H. The
primary criteria listed 81'e thOle of the Callfol'Dia State Deputment of Health.

Landscape miaatlon: Because of the critical shortagel of water in Jordan, It II
doubtful that much priority CaD be liven to developlDl larle-lcale lrrilatlon
works. FUI'thermore, It il not always economical to substitute reclaimed water
for potable water for irrilation. LaDdscape irrllation il viable, however, in
certain cues as a means of effluent dispolal.

Recreationallmpoundments: There ee no recreational impoundmentl within the
Greater AmD11D Area. Reuse of reclaimed water for thil purpose Implies a hip
delree of treatment to alleviate two potential pl'Oblemll: eutl'Ophication and
public he.tth.

Aplcu1turallrriaation: Of all the potential reuse metba., aplcultural irrilation
seeml to be the mOlt feasible. Irrilatlon of fruit treel where the reclaimed
effluerat does not come in contact with the crop does not impole a requirement
for a IlJp quality effluent.

Body Contact Recreation: Due to the complexity aDd hip COlt of treatment
required to produce an effluent quality luitable for bodr-contact recration, the
reuse of thif, reclaimed effluent for this purpole il not likely to be of early
application in Jordan.
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Industrial Application: Buring refining and mining operations, 'there ue no
obvious industrial reuse applications evident in the Greater Amman Area. The
major "wet industries" are not many. Industries for the most part utilize c:hoinking
quality water. It would require a m8l'ket lIurveyand special feasibility studiel to
determine if such pOllsibilitiel may exist in select industriel in the Greater Amman
Area.

Current AlI'icul ture in Greater Amman Area. Table 7-7 presents a summary of
groundwater-irrigated agricultural areas within or adjacent'to the Greater Amman
Area. The data are from the Dep8l'tment of StatisticlI.14. The implication ill that
some of this area might some day become irrigated with reclaimed efOuent, given
favorable considerations, including economics. It iI IJUlJpected, however, that
agricultural irrigation with reclaimed water - other than riparian irrigation in the
SeU Zarqa and, indirectly, in the Jordan Valley - will be several year. in
developing. The Ministry of Agriculture was contacted in this Nlard,15 but no
encouragement walobtained. Nevertheless, this pOI.ibUity should be kept in mind.
The chief interest, however, i. on the current riparian apicultural use of AGTP
effluent from the Sell Zarqa. Of immediate concern is the matter of patholenic
microorganisms as it is of potential hazard to workers -galed in irrilation
operations, others exposef! to the AGTP effluent, and persona who conaUIDe Cl'0~

(Iometimes raw) which were irrigated with the effiuent.

Pathoienic Microorsanisms: Gedeon, Shalbak and Shehabi have reported upon
bacterial pollution of water in Jordan, citing inadequate means of sewale diapOlal,
obsolete methodl employed in the management of solid watel, and, above all, the
new industriallrowth in high population density area such as Zarqa.4 They cite
data indicatiDg difficulties with bacteriological c;uality in driDldnl water Iyltem.
in Jordan and refer to recent outbreaks of acute diarrheal dUeue, typhoid fever,
and cholera (see also Chapter 4). They note that in ...euiDi the depee and
lIenoulne.. of a state of pollution, it is not euential to isolate and identify all the
organisms in the water which could caule a particu181' dilea.e. It is, however,
important to lIearch for biological indicatorl of pollution. Thne have been
dillplayed in Table 7-6.

Effluent Disinfection: The chief concern of the current discualion il the impact
of AGTP effiuent upon bacterial and viral pollution of the Seil Amman.
Currently, certain limitationa in the facUities and operation. of the AGTP 
many of which are outside the control of the plant operator. - combine to make
reliable disinfection of the plant effluent impossible. A. previously noted, BiDDie
Ie Putnerl obeerved an averale ammonia nitrogen content of the plant efOuent of
109 mg/l in the seven days of sampliDi in early S'!ptember 1977.9 The effluent
suspended solida averaged 115 mg/l durinl this period. Review of plant operatinl
records (Analysis Journals) indicates that the above values are representative.
They show e.entially impossible conditiona for disinfection of the efOuent,
because of the combined effects of harborage of the microorlanilm. within the
numerous suspended solida particles and the lou of much of the disinfecting power
of the chlorine solution by combination with the ammonia content to form the les.
efficacious chloraminea.
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When the AGTP is expanded and upgraded, the facilities should be capable of
producing improved suspended solids levels in the effluent, probably averaRing
about 50 mg/l. This would represent nearly 95 percent reduction in the suapended
solidllJ antering the plant. Because of the unusually high strength of the raw
wastewater, it would be unrealistic to contemplate much greater reductions in the
sus}lended solids loadings on a reliable basis, although there may be times when
effluent quality is better than this average, particularly in the period before the
loadings build up to the plant's capacity.

If the activated sludge plant effluent were to be filtered, the suspended soUds in
the effluent could be reduced to negligible concentrations and the effluent made
amenable to disinfection by chlorination. As in the case of potential
denitrification, however, a consideration must be made of the potential benefits
with respect to the probable costs of filtration.

Although the AGTP is probably a major contributor to the Seil Zarqa of
microorganisms and/or substances favoring the proliferation of microorganisms, it'
is not the only contributor. There are currently overflows of septase, storm
1'\II10tf from urban areas, and raw sewage and industrial wastes discharges.10 It
would be questionable to require filtration for AGTP effluent unless all the point
source wastes could also be provided requisite treatment. Moreover, it is worth
remembering that the Seil Zarqa has been used for crop irrigation by riparian
farmers for many yean, even prior to activation of AGTP. Crop. grown include
vegetables consumed raw (Chapter 4). Superficially at least, there is no wen
established connection between this specific practice of irrigating these crops
with an inadequately disinfected treatment plant effiuent and the outbreak of
disease from human consumption of these crops.

There are about four kilometers of river channel between the point of AGTP
effluent discharge and the fint widening of the wadi and development of irrigated
agriculture. During this and subsequent river reaches, it would be expected that
natural action of predators, sunlight and sedimentation would reduce the bacterial
densities. Some of the riparian agriculture draws raw surface water directly from
the Seil Zarqa, while in other cases, infiltration galleries 01' wells may be
employed. The well water would probably be fUtered by the soil and be fairly free
of bacteria, depending upon physical conditioDi. The raw surface water would not
have this advantage. The further downstream the now proceeds, the peateI'
would be the attenuation of bacterial pollution due to AGTP. The flow actually
proceeds nearly 30 kUometers along the wadi from Ain Ghazal before the Seil
narrows, precluding additional riparian agriculture.

Appendix H-3 presents a summary of Wastewater Reclamation Criteria, excerpted
from the California Administrative Code, Title ZZ, Division 4, Environmental
Health 1975).16 This represents the most current standard in use in the United
States, and it is fairly widely accepted elsewhere. Table HZ'"" presented
previously, summarizes the California Title ZZ standard and standards from South
Africa and West Germany. It is noted that in order to irrigate crops by spray
(sprinkler) irrigation in California, the wastewater must first be adequately
oxidized, coaljUlated, clarified, filtered, and disinfected. The median number of
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coUform organisml at lome location in the process must not exceed Z.Z per 100
ml, among other I'equirements. SUI'face b'!'igation does not require fUtl'ation but
the bacteriological requiremfJnts are neuly as strict al fol' Ipray brigation.

As pl'evioualy noted, thel'e il probably no way that the AGTP could produce an
effluent that would mee', the spl'ay irrigation standud or even the IUI'face
irrilation standud save f'Jr the incluaion of filtl'ation in the pl'ocel. Itl'eam. Thi'
step i' very costly, howe')'er, pl'obably involving an additional JD 1.5 to 1.7 million
of cO:1ltl'uction funds all/ne fol' a 600,000 population equivalent at AGTP. The site
could be downstl'eam oi AGTP, connected by a gl'avity pipeline thel'ebom. In
view of the CUl'I'ent and past conditions as prelently und8l'.tood by JMM/DMJM, it
would appear inappropriate to I'ecommend incol'pol'ation of effluent filtl'ation at
the outset. Rathel', it seems propel' to recommend pl'ovidiq fol' futue filaation
at some location downatl'eam bom the AGTP and at a time when cueful
monitoriDI and study of water quality conditioDi indicate the aue need and
benefit of such filtration. In the interim, filtration of the effluent of AGTP a.qd
other plants dilcharging into the Sell Zuqa should be cODiidered a futUl'e loal, u
a minimum. Without effluent filaation, the apect of disinfection of AGTP
effluent (and other effluentI) alsumel majol' importance.

Disinfection by chlorination is now being I'ecopized u a potential detriment in
some instances u well u an admitted detriment. Impactl of effluent chlorination
upon fisheries and in creating carcinolenic compoundl ue becominl of concern in
Canada and othel' areas even thouldl the protection of the public health by
chl'orine disinfection is invaluable.!T In JOl'dan's cue, the lattel' it believed
puamount for the foreseeable futue.

WHO Standuds

The World Health Organization (WHO) sUilelt, tl'eatment procesles to meet liven
health Cl'itma for l'eUie U pl'esented in Table 7-8.
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TAILI 7-8
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REGULAnON OF WASTEWATER TREATMENT PLANT EFPLUENT FLOW

The Terms of Reference for this Master Plan for Wastewater Dispolal require
inter alia consideration of several relevant factors, among which are:

"The storage capacity of reservoirs on the wadis leading
to the Jordan Valley, particularly the KiDg Talal
Reservoir, and the relatiolUlhip of return sewage flowl and
timing of irrigation requirements of the Jordan Valley
Authority."

It is understood that the basic concern is that whereas the flow of municipal
wastewater treatment plant efOuent is known to occur on a more or Ie. uniform
basis from day to day and season to season, the irrigation demands of farmlands
within the Jordan Valley occur seasonally, depending both upon the croppin,
patterns and climatic conditions. Were it not for this factor, the prelent and
future efOuents Oowing down the various wadilleading to the Jordan Valley could
be diverted more or leiS constantly to irrigation works on a dependable buis
comparable to a base Oow. The concern is that as more and more water is
imported to the urban developments within Greater Amman Area and more
wastewater treatment plant effluent is discharged into the various wadis, the
chances of a portion of this flow being lost to the Dead Sea through flood runoff
increases. In view of the precious character of Jordan's water resources, this
aspect requires lOme consideration as part of the Muter Plan for Watewater
Disposal.

WASTEWATER FLOWS ACCORDING TO DRAINAGE WADIS

Figure 7-4 depicts the drainage areas in the Study Area draininl to the Jordan
Valley and the location of the reservoirs. As can be seen, the major portion of the
Study Area drains into SeU Zarqa and King Talal Dam catchment buin. Table 7-9
indicates the projected wastewater effluent production within the Greater
Amman Area which drain towards the VariOUI wadis. Included within Table 7-9
are hydrological data indicating the magnitude and frequency of runoff in various
wadis, where such data are avanable. Hydrologic data were largely derived from
the National Water Master Plan of Jordan.Z

SEASONAL DEMAND PATTERNS IN JORDAN VALLEY

Studies of the agricultural irrigation requirements within the JVA area have
indicated both spring and fall crops and the reports have noted two differing
opinions as to the extent of long term developmentl.6 The "conservative" opinion
is that the area irrigated will increase only slightly, while the "progrelsive"
opinion is that the privately irrigated area will approximately clouble by the year
ZOOO. Some of the water required for this additional area will result from
increased efficiency, but overall, water requirements will increale significutly.6
For the "conservative" estimatel, the Jordan Valley cropping pattern was Ulumed
as 67 percent vegetablel, ZZ percent fruit, and 39 percent field cropl. (The
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percentages total more than 100 percent, indicating some double-cropping). For
the "progressive" estimates, a vegetable intensive cropping pattern for the Jordan
Valley was assumed which reflected 87 percent vegetables, ZZ percent fruit, and
13 percent field crops.6

Table 7-10 presents a summary of average seasonal irrigation requirements for
both the North Zone and South Zone of the Jordan Valley. The data wel'e del'ived
from a study of the JOl'dan Valley Irl'igation Project - Stage D, Irl'igation
Netwol'k.18 The magnitude of the seasonal vuiations in demand can be seen to
vuy from about 44 pel'cent in winter to about 133 percent of average in !lummer.
The East Ghar Canal and apurtenant irrigation works were I'equil'ed to
accommodate such vuiations as these and were 80 designed. The regulatol'y
storage on the supply source(s) is to be used to satisfy these varying demands via
regulated releases. The pl'incipal storage pl'esently is King Talal Resel'Voir, but
the Maqarin Dam, when built, would provide majol' I'egulatol'y capacity, making it
somewhat easier fol' the entire system of storages and diversions to operate and
maximize the catchment of nood runoff.

JORDAN VALLEY IRRIGATION DEMAND

Accol'ding to Frantz3 the projected annual water demand in the Jordan Valley is
about 360 MCM, primazily fol' irrigation purposes. This compued with a
projected M8cI water demand in the peater Amman-Zarqa area of about 100
MCM/YI" Fl'om Table 5-6 presented eulier, the year ZOOO pl'ojections fol' water
deliveries and wastewater production for those communities located within the
Amman-Zuqa conurbation wel'e taken to be Z9Z,OOO m3/day and Z45,OOO m3/day,
I'espectively. In terms of annual nows these would cOl'l'eapond to 106 MCM water
deliveries and 89 MCM wastewater. It ia implied that the depletions (consumptive
use via evapotl'anspiration) would be about 16 MCM/YI' 01' 18 pel'cent of the MacI
applied watel'. The great bulk of the urban watel' would return to the hydl'ologtc
cycle, primal'ily 88 wastewater tl'eatment plant effluent, depending UPOf& the
extent to which the urban eea becomes sewel'ed. With full sewel'age of this
urban uea the effluent runoff would be about Z5 percent of the projected
irrigation demand in the JOl'dan Valley.

RETURNS TO THE JORDAN VALLEY

JVA has indicated their reliance upon vel'y substantial wastewatel' returns fl'om
the urban ueas within the territory bounded by Wadi Walla to the south, JVA
boundary to the west Yarmouk River to the nOl'th, and vicinity of the Hejaz
Railroad to the east.19 This territory embraces the Gl'eatel' Amman Al'ea, being
somewhat largel' than it and including the urban developments of JaI'ash and Il'bid
as well as those of Greater Amman Area. The gl'eat bulk of the MacI use,
however, will be in Greater Amman and as indicated above, the depletions bom
such would not be expected to be extensive.

JVA's criteria fol' maximum depletions within the tel'l'itory east of JVA is
appuently up to 60 MCM/YI'19 incl'eased slightly bom the euliel' estimate
prepued by the JVA for use in the studies of ultimate development of the JOl'dan

1-3Z
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CONSERVATION AND MANAGEMENT OF RESOURCES

Valley Irrigation Project of 57 MCM/yr.6,19 It was reported that the return flows
from Irbid will percolate into the groundwater to be used again or will flow into a
tributary to the Yarmouk River where it will be available for reuse. The return
flow from the northern area will return to the Wadi Araba, where it could be
stored in the proposed Wadi Araba Dam, or else returned directly to the Yarmouk
River.6

Return flows from the Amman-Zarq,a area will either enter the groundwater
system or the Zarqa River system from which latter it would be released from
King Talal Reservoir on a regulated basis.6 For both Amman-Zarqa and Irbid
areas, it is estirDated qualitatively that about 60 percent of the supply would
become return flow, but this would increase if greater portions of the areu
became sewered. Thus, for 80 percent sewering of Amman and 60 p'ercent
sewering of Irbid, the return flows would increase to about 65 percent. ~ It is
noted t:tlat the data cited from Table 5-6 imply a 100 percent sewering of the
urban area, hence a major return to the Jordan Valley, presumably via Seil Zarqa.
JVA is generally more interested in surface water returns than in the less positive
returns via groundwater.19

SIGNIFICANCE OF WADI STORAGE

JVA has indicated that due to the uniform flow nature of return wastewater
effluents from the urban areas, these contributions to the Jordan Valley would be
generally comparable to natural base flows in the wadis and thus would not be
particularly in need of regulatory storage. Furthermore, riparian vegetation in
these wadis is not extensive, and consumptive losses in transit to the Jordan Valley
would be relatively insignificant.19 Thus, it appears that any remaining concern
may be over possible losses of urban effluent as a result of flood flows and the
limitations of existing wadi storage in storing both the effluent-auplented
natural base flows and storm runoff for optimum ule in meeting JVA irrigation
demands.

A detaUed examination of the hydrological experience and flow impoundment and
regulation capabUitles of existing wadi storage or potential augmented storage is
beyond the scope of this Master Plan for Wutewater Disposal. Dam project
feasibility is determined only upon comprehensive studies of all relevant physical,
environmental and economic factors. It i. likely that additional storage could be
constructed in the various wadis (including Wadi Zarqa or Seil Zarqa) which are
already or will in the future be the recipients of urban wastewater effluents from
the Greater Amman Area. It is understood that final studies are nearing
completion for an enlargement of King Talal Reservoir by raising of King Talal
Dam.ZO It is known that the annual stream now in the hydrologic areas involving
Salt, Amman, and Wadi es Sir ranges between 50 and 80 mm and in the areas
involving Na'ur and Baqa'a ranges between 80 and lZO mm.Z There are doubtless a
number of potential damsites on certain of the wadis but it remains to be
demonstrated that they could form significant impoundments to m,d in conserving
effluent as well as flood waters. However, the King Tala! Reservoir a:';,'pears to be
a real possibility.Z1 By raising the dam about 9.5 m, the storage could be
increased from about 44 MCM to about 64 MCM. Adequate storage is, of course,
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the key to water conservation. Without adequate storage there is greatly impaired
potential for capture of both natural and man-made runoff.

SIGNIFICANCE TO MASTER PLAN

Table 7-10 indicated a flqasonal variation in the irrigation demand in the Southern
Zone of the Jordan Valley ranging between a low of about 44 percent of annual
average to and a high of about 133 percent of annual average. Of course, the low
demand period coincides with the heaviest periods of rainfall (December through
March, normally) and the highest demand period parallelfll the normally rainless
months. To the extent that storage already in existence on the various wadis
draining from the plateau of the Greater Amman Area can regulate the uniform
effluent outflow vis-a-vis the irrigation dem and while still functioning adequately
to capture intended runoff, there should be little, if any, concern about the
impacts of such effluent outflow upon the JVA system. However, it is recognized
that the smaller wadis have limited storage capacity, such as Shu'eib and Kafrein
Dams. Storm runoff, particularly in wet yea:s, would have a fairly good
opportunity of washing some or most of the impounded effluent out of the system
and into the Jordan River and Dead Sea (refer to Table 7-9). .

In the case of King T~al Rel\ervoir, the stakes are even higher because the bulk of
the effluent will be flowing down t·he Seil Zarqa and into t.he reservoir.

As an extreme illustration, assume that King Talal Reservoir .!!2!!!. were called
upon to regulate flow fol' the~ brigation demand within the Jordan Valley,
taken as 360 MCM/yr (averaging 30 MCM/mo), and the variation wel'e to range
between a seasonal low of about 13 MCM/mo and a seasonal high of about 40
MCM/mo under a demand pattern generally as indicated in Table 7-10. Then for a
uniform flow to King Talal Reservoir, and ignoring sul'face evaporation, the
I'equired irrigation regulatory storage would be about 40 MCM or 80 percent of
the live capacity of the existing reservoir. Of coune, there is actually
considerable diversion flexibility using the existing YlI'mouk RiveI' headworb and
much more to be provided when Maqarin Dam in con.tructed. However, 'thel'e is
no question that additional regulatory capacity in King Talal Reservoir could
prove beneficial.

The question arises as to whethel' there would be merit in cau51ng some of the
wastewater tl'eatment plant effluent to be diverted from one wadi to another,
such as by sewering arrangements for contiguous communities located in adjacent
mainages. In Chapter 9, undel' the section entitled "Cost Analysis of AWSA
Facilities", an analysis is presented on a possibility for southerly diversion of
UWATP effluent. Such effluent woul\i normally drain to the Seil Zal'qa draiuge
but, because of the location of UWATP on the watershed divide, the flow could be
diverted with little or no pumping to the Wadi Kafrein. If desil'ed, the flow could
be pumped acro.s the watershed divide into either the headwaters of Wadi el
Oastal or Wadi Hisban, rhe potential benefits in such a pumped divel'sion (such as
by I'iparian agriculture} would have to be weighed againat the facilities costs
(including pumping energy) to determine the best coune of action. In general,
such arrangements would not normally be considel'ed as valid alternatives, out of

.,



CONSERVATION AND MANAGEMENT OF RESOURCES

considerations of pumping energy requirements where they ue substantial.

The UWATP potential diversion of effluent might be an exception. Normally,
diversion of either raw wastewater or treatment plant effluent to an adjoining
watershed would not prove attractive. It is questionable if even comprehensive
operational studies of the various reservoir systems would be able to demonatl'ate
advantages in such azorangements even if sufficient hydzoologic data wel'e available
to pel'mit such st1\dies. The Vice President of JVA has indicated there would be
no advantage of such a divel'sion to JVA.19 Of course, there could presumably be
a reduced water quality 'impact upon King Talal Reservoir, and this might be
beneficial. Therefore, future planning should remain alert to possibilities for
improved salvage of effluent for beneficial use and improvement of watel' quality.

It is I'ecognized that thel'e will be urban wastewate~ contributions to the Seil
Zarqa not only from the Greater Amman Area but also bom the new tl'eatment
plant at Jarash. Some perspective on this is given by the following tabulation
which compues yeai' ZOOO anticipated effluent flows from various wastewater
tl'eatm ent plants to the resel'voir live storage on affected wadis.

Treatment Effluent Annual Effluent Flow as Percent of Reservoil' Stol'age
Plant MCM/p KTR (Now) KTR (Enl.) Kafl'ein Shu'eib

Ain ghazal 35.0 80 55

Upper Wadi
Abdoun 6.Z 17 lZ lZ9

Khazob.-Rus. 13.Z 3Z ZZ

Zarqa-Rua. lZ.O Z7 19

Jarash 0.3 1 1-

Salt 1.7 38

KHMC 0.5 1+ 1- 11+

It is concluded that addi tional stol'age would be beneficial in capturing effluent
runoff but that detailed operational study would be neceslary for optimization.
It could be beneficial to divel't flows from Upper Wadi Abdoun Treatment Plant
to Wadi es Sil' thence to Wadi Deii' Abu el SUWW8D and Kafl'ein Resel'voir. It
would be possible to divert UWATP effluent southerly to the Dead Sea
watershed, although pumping would be required to tl'avel'se the watershed
divide.
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LAND RESOURCES

One source of information, among others, on land resources in Jordan is the
Draft Environmental Report on Jordan by the Science and Technology Divillion,
Library of Congress.ZZ Reference is made to this document within the context
of the need for enhancement of the productivity of many of the landll of Jordau,
including the Study Area. To this end, the following excerpt. from thi. Draft
Environmental Report are of interest to thill Master Plan Report with re.pect
to potential applications of digested sludgell and, posllibly, reclaimed effluent:

• Within Jordan, the Forest Department controlll about 131,500 ha
designated as forellt land, but the actual fore.ted area has been
estimated to be much smaller: only about 36,000 ha as of 1964.

• Both the main forest areas in the northern highlands and the lOuthern
highlands are deRraded, but rainfall conditions in the north make fOl'ellt
I'egeneration in this area more feasible thau in the lOuth.

• Reasons for deforestation have vuied from time to time. althoUlh
overgrazing, clearing of land fol' agl'icultUl'e, and exploitation of fonst
for fuel have been perlistent problem II.

• The effects of deforestation 81'e many: 1011 erOlion resulting from the
lou of vegetative covel'; lOllS of valuable timbel' relOUI'ces; and damage
to watershed 81'eu.

• Jordan is, fol' the mOlt put, underlain by calclU'eoUi rock repre.entin,
many agel and types. In the north central part of the counuy there
81'e, however, luge lU'eas of basalt laval nows while scattered volcanic
intl'usiona OCCUl' along the we.tem e,c8l'pment.

• Red Meditefl'aneau soils 81'e typical of ueas with Ireater than Z75 mm
rainfall; althoulh Ulually del'ived from calcareoUi I'ocks, such soU. 8I'e
allo occa.ionally derived from basalt and lIand.tone. MOlt of the good
qricultural .0Us of the Jordanian plateau beloDI to tblllroUP, which,
when deep, IeI've as excellent Cl'opland.

• Yellow Mediterranean soils 8I'e found in some part. of the hiPlands and
in the Rift Valley. Whel'e water is avallable, they ue suitable fol'
irrigation.

• Yellow soils, typical of the 8I'id climate, are extremely calcueoUl,
v8l'ying in origin from weathered limelltone and chalk to colluvialloeu.
Theile soils which typically lupport steppe vegetation have suffel'ed
badly from degradation of many kinds: upl'ootiul of Ihrubs for fuelI;
exceslive plougbinR; trampling; ovel'grazing; and wind and water
el'osion.
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Factors such as the foregoing should be taken into consideration when
developing programs for beneficial use of digested sludge and, possibly,
irrigation with reclaimed effluent. It will require a number of years of effort
before such programs can be developed, probably including pilot plant or
demonstration plant applications as one of the stages.

ENERGY RESOURCES

According to the 1978 Annual Report of the Industrial Development BankZ3
generated power in Jordan increased. by ZO percent to 714 million kwh. On the
other hand, consumption of electricity increased by 15.3 percent to 599
million kwh, Z7 percent of which was for industrial use, 36 per::ent for domestic
use, and the balance for commercial, water pumping and other uses. The
Library of Congress Draft Environmental Report on JordanZZ noted that
hydroelectric power that was not highly developed by hydroelectric powerplants
is planned for the Maqarin Dam (ZO MW) as well as for King Talal Dam (Z MW).
A few small-scale hydro-power developmentf.', might be possible on Wadi Jurum.

The point of the foregoing is that energy resources in Jordan should be
considered as precious and wastewater disposal developments should seek to
minimize energy consumption, p81'ticularly if reasonable alternatives exist.
This also holds true for the possibilities of beneficial reuse of effluent on the
plateau.

For example, there are roughly ZOO m vertical difference between a potential
Upper Wadi Abdoun Treatment (or Reclamation) Plant site and the existing Ain
Ghazal Treatment Plant. Making reclaimed effluent available at such an upper
plant, if feasible on other accounts, would have a particular elevation
advantage over availability at AGTP. Considering both static lift and pipeline
friction losses, a general advantage of roughly one kwh per m3 would be held by
the upper plant location. This could be important in reuse developments.
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CHAPTERS

WASTEWATER COLLECnON, TREATMENT AND DISPOSAL ALTERNA'I1VES

This chapter integrates information and criteria from the previous chapters into
the development of wastewater collection, treatment and disposal/reuse
alternatives that will meet the needs of the Greater Amman Area. Water quality
standards and objectives are developed, following which effluent requirements for
treatment and disposal alternatives are established. Communities, or groups of
communities, that can reasonably be served by public facilities are selected, and
specific wastewater collection, treatment and disposal alternatives are devised for
them to accommodate the projected wastewater flows and meet water quality
standards and objectives. The alternatives 81'e then analyzed and the most viable
alternative is selected bued primarily on cost and environmental consideratiou.
The alternatives thus selected 81'e subsequently analyzed in Chapte~ 9, ranked in
an environmental assessment, and given a regional priority rankdil!l for future
Master Plan implementation.

WATER gOAUTY STANDARDS AND OBJEC11VBS

Water is an extremely scarce and valuable commodity in the Greater Amman
Area and throughout The Hashemite Kingdom of Jordan. It is a resource that
must be protected, preserved and upgraded whenever possible. The main purpose
of this Master Plan for Wutewater Disposal is to develop a program for
wastewater disposal facilities and wastewater management that will enhance the
public health and simultaneously aid in conserving water and upgrading water
quality.

As a first step, water quality standards and objectives must be developed and Uled
as a bueline for establishing effluent requirements for proposed wutewate,·
treatment and disposal facilities.

Water quality conditolUl and water quality criteria have been presented in Chapter
7. In addition, Appendix H-3 hu presented water quality criteria and regulations
governing the lUIe of treated effluent for irrigation water, industrial water, and
recreational impoundments. These criteria are of interest in determining both the
desirable and achievable types of wutewater treatment facilities that should bE:
included in this Master Plan. They also indicate the effluent quality to be
expected from differing degrees of wastewater treatment as well as the qualities
of water of wastewater origin that are required for differing types of use. Table
8-1 summarizes this information.

Within the Greater Amman Area, the only deliberate reuse of wastewtaer
treatment plant effluent that has come to light during this study is the limited
landscape irrigation that ill practiced locally. at King Hussein Medical Center
(KHMC). However, a much greater indirect use takes place downstream of AGTP
in the form of riparian irrigation of agricul tural lands using surface flow from the
Seil Zarqa, which is mostly AGTP effluent. In addition, the effluents from
KHMC, AGTP, and Salt TP are all being used indirectly and unintentially for
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TABLE 8-1

COMPARISON OF WATER QUALITY PAIWIETERS FOR VARIOUS WATER USESa

a
For additional details, see Chapter 7.

b
Accordina to the University of CaliforDia Cooperative Ixtenaioa Guidelines for Interpretation of Quality
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TAIU 8-1 (CaIlt'd)

c
Riu.te .tandard b aeaeraU, ...ed b, varioua autboritiea. TOS. cbloride. aDd sulfate standarda are tbose
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groundwater recharge. It is likely that similar effects will be experienced in
future years from new wastewater treatment plants as well. 'rhere will
undoubtedly be incidental human contact with the effluent, as is now the case.
Therefore the best possible attempts must be made to obtain treatment plant
effluent quality that will reduce the hazards to the public health.

The following tabulation briefly compares certain water quality standards with
candidate treatment facilities within the Study Area:

Beneficial
Use

Agricul tura!
inigation

Groundwater
recharge

Key Water Quality Candidate Acceptability
Standards Treatment of Treatment

Coliform organisms Primary Extremely limited.
(Z.Z MPN per 100 ml) Effluent not suitable for

discharge into a wadi.
Therefore eliminated frOID
further consideration.

Secondary Much less limited in
application than primary
but may have difficulty
in meeting coliform
criteria.

Filtered Good, will comply with
Secondary standards but is rela-
(Tertiary) tivelyexpensive.

Considered case by Secondary May suffice for micro-
case but often organisms but not for
coliforms and vil'US nitrates.
are limiting. Nit-
rate could also be Tertiary Acceptable for micro-
a limitation. organisms but not for
Drinking water nitrates.
standard is 45
mg/l N03.

Tertiary More acceptable
plus
dentirifica-
tion

Advanced Most acceptable, but
too costly for
consideration
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From the foregoing comparisons, it is clear that the minimum level of wastewater
treatment to be considered where effluent discharge to a wadi will be experienced
is secondary. It would be desirable for there to be filtration of secondary effluent
for reduction of microorganisms and denitrification as well. However, both steps
are expensive and presently difficult to justify. Accordingly, interim effluent
quality standards are established which will be achievable by well operated
secondary treatment platne, viz:

Parameter

BODS

SS

Coliform Organisms

pH

Discharse Reguirement

50 mg/l

50 mg/l

MPN ZOOO/lOO ml

6.5 to 8.5

The long ruge goal is to meet water quality standard. for irrigation, and pOllibly
landscape impoundments, without restrictin by providilll effluent filtration u
mininum. This will have to be deferred until funela are available. Anothel' long
range goal, pl'obably of lell urgency, is denitl'ificatlon.

The first step ill to provide adequate second8l'y treatment as the minimum
standard of treatment for all plants which will discharge effluent to a wadi.

INDUSTRIAL WASTES CONTROLS

At the pl'esent time, the newer industries of the Gl'eater Amman Al'ea are a1l'eady
requil'ed to pl'ovide internal measures to contain discharles of pollutanta to the
surface or groundwaten. However, the older industrie. were mostly establilhed
during times when little cODlideration wu given to the cODiequences of pollutant
dischal'ges. A. a I'esult, instituting intemalmeasUl'es to contain 01' pretreat their
wastes would be difficult and costly for many of the older indUltl'iea. Requiring
these industries to revamp their operations and intemal facilities could prove to
be economically burdensome to many of them, perhaps to the point of forcing
some of them out of bulineu. In as much as this would be contrary to the
Government's goal of attaining fully employment and a healthy economy, a
compromise might be sought with the goala of envil'onmental protection, at least
in hardship cues. Thus for an interim period, the true hedahip cues might be
given staged upgrading requil'ements extending over a period of several years.
Howevel', by 1990 at the latest, thel'e sould be full compliance with industrial
wastes discharge requirements by all industries. Hazardoua discharges such as of
mel'cury wastes would be conected as soon as practicable by internal measures or
by plant shutdown.

The analyses in this Mastel' Plan al'e based on the assumption that full compliance
with recommended industrial wastes ordinances will be acco~pU8hed by 1990.
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Therefore, no special provisions will be made in the Master Plan fol' water quality
stand8l'ds and obj ectives to accom modate industrial wastes dischuges.

DRAINAGE BASINS OF GREATER AUMAN AREA

The Gl'eatel' Amman Al'ea is divided into thl'ee m~or watersheds: the Jordan
RiveI' Basin; the Dead Sea Basin; and the Azraq Basin. As has been shown in
Figul'e 7-4, the JOl'dan River Basin encompaues the majority of the Study Al'ea,
while the Dead Sea Basin drains the southern P8l't of the Study Area and the
Azraq Basin drains a small portion in the southeast. Each basin can be divided
into a mYl'iad of smallel' basins, but fol' convenience, the major basins have been
divided into the following sub-basins:

MaioI' Basin

Jordan RiveI'

Dead Sea

AZl'aq

Seil Z8I'qa
Nol'thwestern
Western
Southwestern

Southern

Not applicable

In ol'del' to avoid spending Wldue time and effort analyzinll projects that would
have little or no impact on the Study Area, only those communities with an
existing population of 3,000 01' peateI' wel'e considered. The 3,000 cut-off point
was chosen because communities of less than 3,000 often have no water
distl'ibution systems, which has a major impact on the generation of wutewater,
and because these small commUJ'\ities comprise less than 8 percent of the existiq
Study Area population. Communities of leu than 3,000 will be considered,
hewevel', if they are within easy access to new collection and treatment facilities
that are beinll analyzed for larller communities.

ALTERNATIVES FOR SEn. ZARQA SUB-BASIN

Seil Z8I'qa Sub-Basin is the major sub-basin in the Greater Amman Area. It also
involves the AWSA system which is by far the largest system of all Jordan.
Certain pl'Ogrammed work is already underway for this system. The prollrammed
work and alternatives for additional work 81'e presented in the following
discussions.

AWSA Program of Sewer Extensions

Table 5-Z, previously presented, included certain historic data on the annual
buildup of sewer connections to the AWSA sanUuy sewer network. AWSA intends
to complete its sanitary network and connections thereto by about 1990, althoup
delays have set the pl'Ogram back by perhaps one or two years. Nevertheleu,
various active sewer construction projects in this continuing program 81'e resulting
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in the additon of Z,OOO to Z,sOO new connections yearly, corresponding to as much
as 40,000 or 50,000 persons per year. AWSA's goal is to extend sewers throughout
the Municipality of Amman. However, until such time 81 the Muter Plan for
Wastewater Disposal recommends which areas external to Amman can also be
taken into the network, AWSA is being forced to restrict its network expansion
plans basically to Amman Municipality. Accordingly, only the sewerinl of Amman
can be a8lWDed as a baseline for future planning.

AWSA Propam for AGTP Improvements

AWSA's Ain Ghazal Treatment Plant (AGTP) wa nominally designed to
accommodate a population equivalent of 300,000 persons. l However, the sludfle
processing facilities were not up to INch a population level. The AWSA has
undertaken a design that will expand the sludge proceuing facili ties and will
upgrade other processes within the plant to meet the needs of the immediate
future. The basic plant capacity will not be enlarged, but the anaerobic dileltion
capacity and sludge dewatering facilities capacity will be increued to a
population equivalent of 450,000. A construction contract for this wOl'k has
recently been siped. Additional work needed for upgradin, the plant is yet to be
established as part of this Mater Plan. Only the existing plant and immediate
improvements and sludge expansion may be taken a baseline conditions.

AWSA Collection System Altematives

Nearly the entire sewer network of AWSA operate. by pavity. The lofllcal
alternative would be to extend sewel'l within Amman Municipality ad beyond
Amman, if feuible, to take advantale of the considerable pavity potential that
exists betwen the uuewered areu and the AGTP. In addition to Amme
territory, un.ewered neighboring ueu lie primarily to the northwelt, we.t,
southwest, lOuth, and southeast of Amman. Altemative. for accommodating
these other areas are prelented in the following dilcussions.

The fil'st consideration is that of a possible up.tream tl'eatment plant in the nppel'
reachel of Wadi Abdoun that might intercept wutewatel' flows from much of the
area welterly of Amman and provide local treatment. The effluent would then be
discharged into a nearby wadi, but could also be available 101' reuse. The genel'.l
location of this potential plant, south of Wadi es Sir, hu been designated as the
Upper Wadi AbdoUD Treatment Plant (UWATP). Whether or not this plant is
implemented may effect slightly the sewering costs of the areas westerly of
Amman as explained subsequently.

Upper Wadi Abdou Altel'natives

Field investi~ations have identified three possible plant sites in the Upper Wadi
Abdoun Area. The first of these sitel is located near where the Wadi Mutba at
Musa comes very clOie to the Na'ur Road. (The Wadi Mutba at MUla is an upper
portion of the Wadi Abdoun). Because of a geogl'aphical peculiarity, the sewage
tributey area lying betwen Wadi es Sir and the westel'n city limit of Amman can
dl'ain to the next catchment area which il drained by the Wadi esh Shita. Thil
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would convey the wastewater effluent completely out of the AWSA drainage area.
A treatm ent plant can be construced on ei ther the eastern or western side of the
Na'ur Road and still take advantage of this situation. Investigations of the area
have shown that more development has occurred and should continue to occur on
the eastern side of the Na'ur Road. To minimize possible conflicts with the
residents in the area, the wastewater treatment plant should be sited on the west
side of the Na'ur Road where less development is expected to occur. This is
known as Alt. Site 1. It is the basic site shown on Figure 8-1.

The second site is immediately to the south by the edge of the Wadi Deir Chubar
near an abandoned quury site (Alt. Site Z). It would handle the drainage from the
same region as the first site. The natural drainage from this site is down the Wadi
Abdoun and through the city of Amman. Effluent could also be pumped back from
this site across the Na'ur Road to the Wadi esh Shita.

The third site io at the junction of the Wadi Deir Ghubar and Wadi Jahua. It
would take now from Marj el Hamam and the surrounding areas and as such can
treat more flow. The flows which can be treated at each site and total AWSA
nows, presuming 100 percent connections, are presented below:

Wastewater Flow (mYday)
1990 ~

1
Z
3

8,600
8,600

11 ,400

ZI,ZOO
ZI,ZOO
Z8,ZOO

Site 3 is located approximately 60 meters in elevation below Site Z, and is
referred to as Alt. Site 3. Pumping back to a different drainllle area would
involve more than to meters of lift and two and one-half kilometers of pipeline.
Therefore, the choice of site 3 appears to preclude an economic means of
removing the sewage fiow from the Amman drainalle area.

Site 1 appears to be the best location for the UWATP for the following reasons:

• Wastewater can drain by gravity to the western sub-basin, thus reducing
the impact of efnuent on the Kinll Talal Reservoir.

• Agriculture in the Western Sub-Basin would be provided with a new and
relatively reliable source of irrigation water.

• A potential source of wastewater would be eliminated from the AWSA
network, thus reducing future capacity requirements in the downstream
treatment facilities.

All of these facts argue for constructing a sepuate UNWATP at Site 1. Another
important reason why the UWATP should be built there, is that it will substanially
reduce the lengths of existing trunk sewers that must be paralleled in Amman, as
previously discussed in Chapter 6. This will not only save substantial trunk sewer
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WASTEWATER COLLECTION, TREATMENT AND DISPOSAL ALTERNA11VES

reUef costs, but alIa will reduce the impact that the conltruction will have on
traffic congestion in downtown Amman. Baled on the previoul dilcul.ion,
constructing a new treatment plant at Site I appears to be the belt alternative
for the upper Wadi Abdoun ~e••

If UWATP il to be impleElIented, Site I il preferred. However, it hall not yet been
demonltrated that implelLl!!ntation of UWATP il preferable to not implementinll
it. Therefore, in sublequent analysel, more detailed ..:ouideration il lliven to the
balic alternativ. concerning UWATP.

• Collection Alternative CAl for AWSA involves the implementation of
UWATP (Figure 8-1). It entaUI diversionl of tributary flowl and
reductionl of dowDltream capacity requirementl in AWSA primll'Y
network relief sewen as well al in overall treatment faclUtiel. It reducel
somewhat the total I'uns of gravity lewere from certain tributary area
westel'ly of Amm an and, hence, sUghtly lowers the sewel'ing COlts to thele
areal. It makes available for potential l'eUle, reclaimed water at an
advantageou. elevation on the plateau, and it providel flexibility in the
disposition of effluent as to sub--bain receiviq it.

• Collection Alternative CAZ for AWSA involves no implementation of
UWATP. Therefore tributary fiowl from weltel'ly area will have
somewhat longer sewel' runl to reach the AWSA nfltwork thaD for CAl.
There will be IIreater AWSA trunk relief I'equirements in the exiatiDIL
primary network and greater. dowDitream treatment capacity
requirements than for CAl. ReUle potential advaDtales and effiuent
discharge flexibility wiU be 100t.

North-Draininl Suweileh Alternatives

~·~,.e most deDiely populated pOl'tioDl of Suweileh are in the central area, which il
where the greatest concentration of P0Ql' people live and where difficultiel with
cellpool dilpolal appear to be peatelt. The drain.e is towlI'dl Baqa'a Valley
and King Tala! Rel.voir. The nearest majQl' population center in thia Northweat
sub--buin il Baqa'a Refusee Camp, located leveral kilometerl to the north of
Suweileh and euterly of a welt-central valley location for a tl'eatment plant that
could serve them both. Baqa'a Camp lacD adequate water diltribution at prelent,
and thil feature could have a high. priority th~.n public sewerale.

Suweileh embraces a watershed divide leparating the Seil Zarqa sub--buin, the
northwest sub--balin, and the weltern sub--balin. Septalle dilcharges and overfiowl
that occur in the central SuweUeh area could be I'elieved by pumping wastewater
11.ow bom north-dralninll Suweileh to the Seil Zarqa lub-balin. The pumped
Wil'.stewater would be dil'ected either into a gravity trunk sewer that would likely
be constructed in a fail'ly early stage to serve Al Jubeihah, the University of
JOl'dan, and downstream developments, 01' altel'natively into a gravity tl'unk lewer
that would serve south-draining Suweileh, the King Huuein Medical Center area
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(KHMC), and portions of Umm es Summaq. The latter trunk fewer probably will
not be needed for several years because the area it will serve is undergoing a
relatively slow rate of development.

Preliminary engineering comparisons were made of two alternatives (Nos. 1 and Z)
for disposing of wastewater from north-draining Suweileh into the two alternative
trunk sewer systems that would be tributary either to an Upper Wadi Abdoun
Treatment Plant (UWATP) or to the AWSA network leading to AGTP. The year
ZOOO populations were assumed to be 100 percent connected for purposes of the
comparison. Also considered was t.ne gravity alternative (No.3) of public
sewerage for north-drainil1g Suweileh into Baqa'a Valley in conjunction with
Baqa'a Valley, Ain al Buha, and Safut uainll the same assumption of 100 percent
connections in the year ZOOO. Thele alternatives 81'e shown on Figurel 8-Z and 8-3
relpectively.

For Alternative 1, wastewater from north-draininll Suweileh would be pumped out
of the Suweileh area and the North'l.velt sub-basin and into the gravity trunk sewer
servinll the Univerlity of Jordan and downltream are&l. Thil would require three
pumpinl stations rated at a total of 85 kw, and would involve an eltimated capital
outlay of JD 308,000 for the pump Itations and force mains plus an incremental
capital outlay of JD 9Z,000 for increased gravity t1'unk sewer capacity to the
UWATP. The annual power and O&M COltl would total JD Z8,000.

For Alternative Z, now from the same area would be pumped to the IIravity trunk
sewer serving south-draining Suweileh, the KHMC and the downstream
developmentl in thil area. Thill would require two pump Itations rated at a total
of 55 kw, and would involve an eatimated total capital outlay of JD Z3Z,000 for
the pump stations and force maiDS plus an incremental capital outlay of JD 35,000
for increased gravity trunk sewer capacity to the UWATP. The annual power and
OacM costs would total JD 18,000.

Alternative 3 would Dot require any pump Itations and force maina, but would
require that a gravity trunk sewer be constructed from Suweileh to the proposed
treatment facility in the Baqa'a Valley_ The estimated construction cost for
extending a gravity trunk sewer from Safut, which il the next population center
downstream from SuweUeh, to north-draining Suweileh is JD 10Z,000.

These cost data are summarized in the foUowinll table:

Item

Construction Costl
Pump Station and Force Main
Gravity Sewer

Alt. 1

308,000
9Z,000

8-10

Alt. Z

Z3Z,000
35,000

Alt. 3

o
10Z,000
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Item Alt. 1 Alt. Z Alt. 3

Total Construction Cost 400,000 Z67,000 10Z,000

Implementation COlt ZOO,OOO 133,500 51,000

Total Project Cost 600,000 400,500 153,000

Equivalent Annual Capital COlt. 70,500 47,100 18,000

Annual 08cM Cost 17,100 11,100 800

Annual Power COlt•• 11 ,ZOO 6,800 0

Total Annual COlt 98,800 65,000 18,800

... Allumel 10 percent interest and ZO ye8l' life
•• FOI' ye8l' ZOOO, pumps in Alts. 1 and Z would opel'ate slightly over 9 and 7
hr/dayl/I'espectively.

The annual power costs shown fol' Alts. 1 and Z do not yet include a diffel'ential
innation allowance for energy of 4 pel'cent pel' annum. When this is applied, the
total annual COlts for Alts. 1 and Z rile to about JD llZ,OOO and 73,000,
relpectively.

There is considerable flexibility in Alt. 1. The University of Jordan U'ea i.
already developed and therefore a candidate for e8l'ly lewerinl. In contl'ut, the
south-draining SuweUeh 81'ea and dowDatream il Ie•• developed and not likely to
be sewel'ed in the near future. Alt. 1 could be used initially to provide relief to
septage dilch8l'ges and ceupool maintenance problem. for DOl'th draini. SuweUeh
by pumping the wutewater to the easterly trunk IeweI'. Eventually, the we.terly
trunk sewer by construction of a new force main and continued use of the
intermediate level and lower level pumping stations. Inumuch u the uppel'mo.t
pumpi. Itation and force main would no 10Dler be needed, they would be retired
and a savinll in enerlY affected. This would amount to nearly JD 10,000 annually
and would mOl'e than make up for the added capital COlts of the new force main.

Undel' either Alt. 1 01' Alt. Z, it would be pOlsible to discontinue pumping
completely and to discharle by gl'avity to a Baqa'a Valley Treatment Plant,
whenevel' it became implemented.

Despite the good flexibility of Alt. 1 and the 1essel' flexibility of Alt. Z, they 81'e
both maN costly than Alt. 3. Thus, from a purely cost comparilon standpoint,
Alt. 3 should be selected. However, there are offlettinl couiderations that must
be taken into acccount, viz:

• The Baqa'a Valley Treatment Plant, if implemented, would dischU'le
effluent into the Wadi Rumeimin system leadinl to King Talal Relervoir.

8-11
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There would be sifillificant public exposure en route as well as impacts
upon the reservoir. It would be relatively costly to mitigate these
impacts by additional treatment beyond secondey.

• In contrast, implementation of either Alt. 1 or Alt. 2. would have the
inherent capability of eliminating the impact on King Talal Reservob
from north-draining Suweileh by diversion of UWATP effluent to the
Western sub-balin (or even by pumping it acrolB the watenhed divide and
into the Southern sub-basin). Impact upon Kafrein Reservoir would
resumably be less critical than corresponding impact on King Talal
Reservoir.

• From the standpoint of priorities, the Baqa'a Refugee camp, the other
major participant in the Baqa'a Valley TP, appears to have a greater need
for adequate water distribution facilities than for public sewerqe.
Accordingly, it may be several years before a sewerage project lerving
this Camp may develop. By waiting for the Camp's participation, north;'
draining Suweileh could lose several years of time in which groundwater
pollution and ceslpool maintenance problems would continue unabated. U
north-draininl Suweileh were to undertake a Baqa'a Valley TP project on
its own, the costs thereof allocable to north-draining Suweileh would rile
because there would be no sharing of common facilitiel and because of
economy of scale 100t.

• The unit cost for pumping wastewater from north-draining Suweileh ue
not prohibitive. In terms of the population likely to be served (ZS,OOO
persoDt) they would be about JD 4.4/capita/yr or perhaps JD
Z6/household/yr. Thil would not include the COlt of treatment. Thele
would be added to the costs displayed for any alternative.

• As a matter of public policy, the COltl for pumping wastewater from
north-draining Suweileh could be spread over a lUle number of
participants in the wastewater syltem rather than being allocated IOlely
to the area from which the pumpage originated.

• The COlts of treatment would be less under Alts. 1 and Z than under Alt. 3
because of economy of scale and efficiency factors favoring the larger
plant.

• By virtue of its participation in either or both gravity trunk lewerl to
UWATP, the capacity-allocated costs to other participantl would be
reduced. This would facilitiate their participation and concurrent
reduction in groundwater pollution and cellpoolmaintenance problems.

Despite the fact that Alt. 1 il not the least cost solution for north-draining
Suweileh, it is believed that the regional economics and environmental
considerations more than compensate for this factor and that Alt. 1 should be
implemented, provided Baga'a Valley Treatment Plant is not implemented fairly
~ In the long run, Alt. 3 is the permanent solution. It should be noted that
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this could also include the new, planned town of Abu Musmr which is to have it.
own wastewater treatment plant initially but could evenutally contribute flow by
gravity to Baqa'a Valley Treatment Plant.

University of Jordan Alternatives

The University of JOl'dan hal been connected to the AWSA network lince it
activation some 11 yearl alo. At that time there wu I'elatively little
development westerly of the Thil'd circle, Jabal Amman or what i. now called
Sport City. A pumping station and fOl'ce main wel'e constructed to convey the
University's flow ovel' the summit of an intervening hill between the Univel'llty
and SPOl't City area.

Now that the territory southel'ly of the Univerlity hal developed lipificantly and
such areas al'e lolical candidates to be conlidered for inclusion in the AWSA
network in future years, (lravity tr\Dlk sewerl will lOon be conatructed in tqe
vicinity of the University of Jordan.

The baic choice il between continui. to contribute to the AWSA netwol'k via the
. Univel'sity pumpinl station and force main (Alternative 1) or to retire thele

facilitiel and contl'ibute to the new pavity tl'UDk sewer (Altenative Z), which il
shown in Fi(lUl'e 8-Z. The choice between thele altemativel il bued on the CO.tl
of pumping energy and pumpiD(l Itation opel'ation and maintenance Vel'lUI the
allocated capital COlt of a new pavity sewer svving the University and adjoininl
area.

In 1979, about 57,400 kwh of pumpi. enel'lY were conaumed to pump the flow
bam the Univel'sity of JOl'dan over the ridse and into the pavlty collection
network of AWSA, accol'ding to AWSA recordl. At a unit COlt of 39 fUI/kwh, thil
amounts to some JD Z,Z40/Yl' at preleDt fol' envlY alone for the lame flowl.
Howevel', with four pel'cent allowance for aDDual enel'lY inflation, thil would
become JD 4,9aO/YI' by ye8l' ZOOO. Incl'eulnl flowl would make thil yeu ZOOO
pumping eDergy COlt about JD 10,000. Univel'lity pumpinl Itation opel'ation and
maintenance (other than envllY) would be expected to make the ye8l' ZOOO CO.tl
of pumpiD(l about JD 16,000 pel' ye8l'. AuumiDI a COlt of money at 10 pel'cent
and a financing period of ZO yean, a new inveltment in a pavity lewer fol' thil
area could be as much u JD 136,000 total capital outlay to be equivalent to the
anticipated pumping COlt.

The gravity lIewel' diltance from the Univel'lity of JOl'dan to AGTP point il about
17 kID. However, if the "UWATP" were to be provided to handle this flow, the run
of pavity sewel' would be shortened by some 8 km. Thil would I'educe the pavity
sewer COlts considel'able and the allocated COltl to the University and vicinity.

The capacity I'equired by the Univel'lity in a pavity sewer would approach that of
two pumpl running limultaneoully in the current Univel'sity pumping station,
which il about 900 imperial (lalloo pel' minute or 68.3 l/lec, peak dilch8l'le.
Allocating the costs of thil peak flow capacity in the 9 km of pavity sewel' on a
reach by reach balis results in a total constl'uction COlt to the Univerlity and
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vicinity between about JD 85,000 and 90,000. The equivalent project COlt would
be between about JD lZ8,000 and 135,000, depending upon whether or not pumped
flow from north-draining Suweileh were included and helped shue the C,')lIt.

The University and vicinity already have trunk sewer and treatment plant
capacity in the AWSA lIystem and would not be required to pay a connection fee
for the pavity trunk lIewer. ThUl, the pavity sewer alternative appeu. to be
only slightly leu cOlltly than continuing to pump flow toward. Sport. City.
However, two other factors make the pavity sewer alternative much more
attractive:

• Majol' repaira and improvements will be needed at the Univerllity Pumping
Station within the next lIeveral yearll.

• By diverting the pumped flow from the AWSA primuy network at itll
prellent dilcharge point will reduce the project cOllt of a relief lIewer in
the Shmeillani Area by some JD lZ5,000. .

In addition to costs savings, thel'e would be other conlliderationa in enerllY lIavinill
and facilitating the sewering of already developed or developing area weatel'ly of
the AWSA network.

In view of the f()regoing, it ill concluded that the University Pumping Station
should be retired and gravity trunk sewer lIervice provided for the University and
vicinity, including to developed areas contiguous to the new sewer. The timing of
this work is addreSled in Chapter 9.

KinK Husllein Medical Center Alternativell

The King Hussein Medical Center (KHMC) has itll own wastewater treatment plant
which ill designed for 450 m3/day flow but ia currently receivinl .ome 800
m3/day. A new treatment plant haa been designed and will be constructed within
the next year to supplant the prellent plant and alliO accommodate the additional
loadll to be experienced when the additional facilities (Rehabilitation Center,
Cardiac Center, etc) are activated. The new plant wiD be de.iped to handle an
average flow of 1,500 m3/day, and a peak flow of 41.7 1/llec.

The bailie conllideration ill whether to continue dischlll'ging effluent from the
treatment platn into the Wadi Bin el Battya which ultimately flowl thl'oup the
Municipdity of Wadi ell sir (Alternative 1), or to retire the new plant and divert
the raw walltewater into a new gravity trunk sewer that will be cODltl'ucted to
sel've Suweileh, KHMC area and portions of Wadi ell Sil' (Alternative Z). The new
trUlak lIewer will discharge to either UWATP or the AWSA .ewer network. In any
analysis, the new treatment plant at KHMC can be assumed to be a sunk cost, for
it will be several yeus before the trunk sewer is built. The timing of such a
project is addressed in Chapter 9.
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For this analysis, the alternatives to be analyzed are:

• Continue to operate the KHMC Treatment Plant
• Connect to the new gravity trWlk sewer and abando'n the KHMC

Treatment Plant.

By continuing to operate the new KHMC treatment plant and not connectinl to
the new gravity trWlk lewer, the KHMC could avoid havinl to pay for a portion of
the sewer conatruction COlt, the sewer connection fee, and itl .hue of the
operation and maintenance costs of either the AGTP 01' the new UWATP. By
connecting to the new gravity trWlk sewer, the KHMC would pay for the above
mentioned CO.tl, but would save on the operation and maintenance COlt. of the
abandoned KHMC facility.

In itl simplelt termI, the differential COlts of enerlY for treatment at KHMC
versus either the AGTP 01' the UWATP could be weighed alainlt the lI'avity trunk
sewer connection costs (not includinl other capacity charlel).

For the volumel and strengthl of wutewater contemplated at KHMC, the hourly
average power use would be Z9 kw for the KHMC and 7 kw for either the AGTP 01'

the UWATP. The differential energy saving by diverting to the trunk lewer would
therefore be ZZ kw or 193,000 kw/yr, which il equivalent to approximately JD
7,500 at the 39 fUs/kwh rate (applicable both to KHMC and UWATP). However, if
this il escalated at 4 percent per annum, the annual COlt by year ZOOO would be
over JD 16,000.

To divert flow from KHMC to the AWSA 'yltem would require about Z km of
gravity cC"DDection within KHMC plus 5 km of shared trunk lewer leading to
UWATP. KHMC would IUPpoledly be relpoDlible for the entire COlt of the local
cOlUlection but a capacity-allocated COlt of the Ihared trunk lewer. The total
allocated project COlt would be about JD 179,000. Thil il equivalent to an annual
capital COlt of JD Z1,000, a.uming ZO year repayment and 10 percent interelt.
The .ewer alternative thua appearl to be about 31 percent more co.tly than the
local treatment alternative.

However, there are other important considerations that should also be weighed u
follows:

• KHMC might be expected to buy capacity in the UWATP, and this would
be an additional COlt. However, due to economy of scale, this capacity
would be cheaper than the local capacity of the new plant to be
constructed at KHMC imminently:

• It will probably be at leut a decade before growth in the southern area of
Suweileh, Huuein Medical Center area, and· areu between KHMC and
Wadi es Sir il sufficient to jUitify a new trunk sewer to IeI've thele areu.
Auuming a value of 10 years use of the new KHMC TP and normal ZO
year life for illUitrative purpoles, the KHMC TP would have 50 percent
salvage value at the end of 10 yean. However, from a present worth

j
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standpoint, ullng 10 percent Interelt rate and ZO year repayment period,
there would be very little economic value left for the plant. In "ther
woru, in 10 yearl (or more) the In"e.tment in the new plant would have
been well jUitified economically even if the plant were then to be retired
in favor of iravit,- diver.ion of raw wutewater towardl UWATP.

• The operation and maintenance COlt. for wutewater treatment, other
than power, would be Ie.. on a unit flow ba.il for UWATP than for KHMC
TP due to economy of Icale. In the lonl run, the.e differencel could
become lipificant.

• By eventually joininl in an external lewerale Iy.tem, KHMC would be
facilitatinl other areu beinl connected to thil Iytem, by reuon of
lbuinl sewer capacity cOltl, thereby aieUnl in reduciq dilchu"el of
leptale underground and improYing Iroundwater qualit'y. Thele areu ue
already in the Sell Zarqa lub-buin whereat KHMC il in the Weltern IU~

ballin.

• The current discharge of effluent from the exiltiq KUMC TP reportedly
il haYinl advefte effecta upon groundwater auppliel in Wadi e. Sir.
ProYilion of the new treatment plat Ihould Featly reduce thil problem
becaUie the plat wiU then have adequate ~apacity and will pre'UlDably
allO be operated by AWSA perlOnnel, u i. the ca.e with the pre.ent plat.
Eventually, however, nitrate conceru may become lipificant, thereby
warrantins retirement of the plant.

• Exteuive experience in wutewate. manalement in lUle metropolitan
uea. luch a. La. Anlelel County hu Ihown that it il delirable to
eliminate Imall treatment plantl in favor of a .elect numbe. of larle. and
more efficient plantl. Thi. improve. ove.all efficiency and water quality
control. Inland water .eclamation plant. of .ultable delip may playa
coutructive role in thil u.lDlement.

As a relul t of the foreloinlp it i. concluded that the new KHMC TP lbauld be Uled
durinl the period 1981-91 and po.libly a few yearl lonler. It .bauld then be
retired in favor of parity lewer flow to 'UWATP in a lyatem that would allO
include aj oininl ueu both to the nol'th and lOuth. Durinl the interim period of
local plant operation, careful plant oper,ation and effluent monitorins would be
required to enawe that advefte conditiona dowDltream of the dilchule do not
develop. Followins the interim period, couideration could be liven to retent~on

of lome of the local plant capacity for water reclamation purpo.el, bued upon a
cueful elevation of all relevant factors. The lpecific timiq of the connection of
KHMC to the Sell Amman drainale .ewer 'yltem may be influenced by futwe
sewerage developments in the AWSA syltem and vicinity u they actually unfold.
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Lower Wadi es Sir Alternatives

The Municipality of Wadi es Sir straddles the watershed divide between the Seil
Zarqa Bub-basin and the southwestern sub-basin. The projected year 2.000
population of that portion lying within the southwestern sub-basin, designated
herein as lower Wadi es Sir, is 2.3,000 persons. The average daily wastewater
production is about 1,900 cu m/da. A comparison is made between the
alternatives of providing a local treatment plant for lower Wadi es Sir and
pumping the wastewater across the watershed divide and into the AWSA system.

The lower Wadi es Sir ground elevation ranges between about 700 m and 950 m,
mean sea level. If a local collection system were to convey the entire flow to a
single collection point, the static lift for inter-basin transfer would be 2.50 m.
When coupled with force main friction of over 10 m and other losses, a total
pumping lift of about 2.90 m wcmld be entailed. This is excessive for sewage
pumping units. Probably at least eight pumping stations in series would be
needed.

It would be desirable, at extra cost, to so arrange the gravity collection system
sewers as to limit the total amount of pumping needed for the flows originating in
the upper part of the collection system. This would be. accomplished by
concentrating the maximum amount of wastewater at as high elevation as
reasonably possible. The flows originating in the lower parts would, of course,
have to be lifted the full amount. Considering these facts and allowing for
additonal losses incurred in the local pumping stations, it is estimated that the
average lift for the overall wastewater flow would be about 170 m. The average
energy consumption would be about 78 kw for the pumping.

In a simplified comparison of alternatives for Lower Wadi es Sir, the capital and
power costs of a local outfall sewer and treatment plant would be compared with
the capital and l,~wer costs of the pumping stations and force main:; plus the cost
of buying capacity in the AWSA system. The following tabulation presents this
simplified comparison, the energy costs being escalated at four percent per year
for 2,0 years:

Project Cost

Local Treatm ent Plant
Local Outfall Sewer/Irlt'r
Pumping Stations
Force Mains

Present Worth, AWSA

Capacity Buy-in·

Local Treatment Plant
Lower Wadi es Sir

1,110
150
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135
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Total Present Worth I,Z60 978

Equivalent Annual Capital
Cost 148 115

Annual 0 & Ivf Costs

Energy 60 51
Other .l! .2!

Total Annual Costs, Simplified
Comparison Z19 Z05

* Assumes Z,600 connections at 150 JD/connection.

The above comparison indicates that the least cost solution would be for pumping
the lower Wadi es Sir wastewater across the watershed divide and into the Seil
Zarqa sub-basin for connection to the AWSA system, presumably the UWATP.
Despite this apparent econo611ic: advantage, it is recommended that the local
treatment plant alternative be selected for the following reasons:

• The two alternatives are fairly close in total annual cost under the
assumptions used. This means that other relevant factors should be
particularly important in making the selection.

• Pumping wastewater uphill through a long series of successive pumping
stations is to be avoided wherever possible for various reasons, including
operation and maintenance. If these are not effective, reliability may
suffer and overflows result. (This is less of a factor with limited stations,
as in north-draining Suweileh).

• Although the energy consumption for treating the wastewater at AGTP or
UWATP would be less than at lower Wadi es sir TP, this would be less than
offset by the high energy costs of pumping the flow over the watershed
divide.

• From the environmental standpoint, there would be no apparent advantage
in transfel'ring effluent from one portion of the Weltel'n lub-basin to
anothe!', as would occur if the flow were to be treated at UWATP'instead
of at lower Wadi es Sir TP. There would be no advantage at all in
transferring the flow to the Seil Zarqa sub-basin.

The foregoing considerations are taken as ample justification to recommend
implementation of the Lower Wadi es Sir TP instead of pumping the wastewater
across tbe watershed divide into the AWSA system.
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M!!.1 al Hamam Alt!.!rna.tives

Muj al Hamam lies southwesterly of Amman within the Seil Zuqa sub-basin but
is a relatively short distance from the divide thai,: separates the Seil Zarqa and the
southwestern sub-basins. The projected year ZOOO populations of Muj al Hamam
is ZS,700 persons as compared with the 1.979 census population of only I,SOO.
Obviously, growth of great signHicance is not only anticipated but is already
occurring.

The three possible wastewater collection al ternatives that appeu feasible for
Marj al Hamam are presonted below and shown on Figure 8-4.

• Alternative 1 - Gravity flow to AWSA network.

• Alternative Z - Pump wastewater to Upper Wadi Abdoun Treatment Plant.

• Alternative 3 - Pump wastewtaer to Na'ur.

As in the previous discussions of alternatives for other areas, the differences in
the three alternatives for Marj al Hamam have to do with disposing of the raw
wastewater after it has been collected in the community's proposed wastewater
collection system.

Alternative 1 would utilize the AWSA network for ultimate disposal. The
collected wastewater would flow by gravitY' from Marj al Hamam to the AWSA
network via a gravity trunk sewer approximately 4.5 kilometers long constructed
expecially for that purpose. The trunk would connect to another gravity trunk
sewer that would be curying either raw wastewater from the uea above' Wadi
Abdoun or sludge from the UWATP. The project cost of the Marj al Hamam trunk
sewer is estimated to be 3D ZZ9,500 and the estimted annual 08cM costs ue 3D
1,100.

Alternative Z would pump raw wastewater bom Marj al Hamam to the proposed
UWATP. This would require a 45 kw pump station and approximately 3.7
kilometers of ZOO mm force main. Estimated project costs for the pump station
and force main total 3D ZZI,400, while the estimated annual power and 08cM
costs would total 3D 13,000.

Alternative 3 proposes to pump raw wastewater to Na'ur for treatment and
disposal. This would necessitate constructing a 40 kw pump station and
approximately Z.3 kilometers of ZOO mm force main. Estimated total project cost
for the pump station and force main is 3D 156,000, and the esti~ated annual
power and 08cM costs would total 3D lZ,100.

A cost summary of the three alternatives is presented in the following table:
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Item Alt. 1 Alt. Z Alt. 3

Constructil"Jn Costs
Pump Station anc1 ~orce Main ° 147,600 104,400
Gravity Sewer 153,000 0 0

Total Construction Cost 153,000 147,600 104,400
Implementation Cost 76,500 73,800 5Z,ZOO

Total Project Cost ZZ9,500 2,ZI,400 156,600

Equivalent Annual Project Cost Z7,000 31,500 ZI,ZOO
Annual O&M Cost 1,100 6,000 6,000
Annual Power Cost. ° 7,000 6,100

Total Annual Cost Z8,100 44,500 33,300

... For Alts. 1 and Z the pumps would be active nearly 11 hr/day in year ZOOO.

The cost comparison clearly favors Alternative 1, but other factors should be
considered. First and foremost is the availability of a wastewater treatment
facility. For Alternative 1, wastewater from Marj al Hamam would be treated at
the AGTP, which is already in operation. All that would be required would be to
connect to the AWSA network with a gravity trunk sewer from the community and
from the Wadi Abdoun area. This appears to be a very likely P!'o·,pect because the
area above Wadi Abdoun is undergoing rapid growth and will need to be served by
a wastewater collection system in the near future. Alternatives Z and 3 would
rely on treatment facilities that are not even in the planning stage at this time.

Instituting Alternatives Z and 3 would result in the removal of a sour,:e of
wastewater from the Seil Zarqa sub-basin and thus from the King Talal Reservoir.
This would have a modest impact because the projected wastewater flow from
Marj al Hamam is a small portion of the flow that eventually finds its way to the
Reservoir. Alternatives 2, and 3 would both reduce the flow to the AGTP or to a
downstream facility.

Based on.,Jh~ previous discussion, Alternative 1 appears to be the best choice for
Marj afHamam, both in terms of cost and in terms of the benefits to the Greater
Amman Area. Therefore it is recommended for selection unless othel' factors
intervene.

Ain Ghazal Treatment Plant Alternatives

The earlier discussions in this chapter have set forth interim water quality
criteria that should be achieved to protect public he&1th. Any proposed methods
of treatment must meet at least four criteria to attain this goal, via:
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• To provide a high quali ty secondary effluent

• To minimize energy consumption and, thus, future costs, because the
future prices of both electricity and fossil fuels will probably accelerate
rapidly

• To reserve space at the plant site for potential future increases in the
level of treatrn ent

• To provide a system which is relatively simple to operate and maintain

If some of these goals may be mutually exclusive, an optimum balance of these
factors should be sought.

The conditions at the AGTP have been discussed in some detail in Chapter 6. The
assessment of 'i:he treatment plant has led to a basic project to optimize the
current operations at the plant, and is summarized in the following tabulation:

• Abandon the existing headworks

• Revise the existing inlet sewer to achieve a free flow into the treatment
plant

• Provide low head influent pumping using Al"chimedean screw pumps

• Provide new screening of the raw sewage with comminutors

• Provide new grit removal facilities

• Convp-rt the existing final sedimentation tanks to primary sedimentation
tanks by deleting the intermediate slabs

• Abandon the existing primary sedimentation tanks

• Construct new secondary sedimentation tanks

• Convert the existing gravity thickeners to dissolved ail' flotation
thickeners ,,' ,

• Provide additional aeration capacity for the aeration tanks to meet the
high organic loads

• Provide standby power for influent pumping

As indicated earlier, two anaerobic digesters and dewatering facilities are already
programmed to be built in the near future and may be taken as "existing" for
Master Plan purposes. Long-range plans by AWSA have included expanding the
AGTP to accommodate increased loadings when appropriate. Chapter 5 has
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provided the proj ections of such loadings. The following discussions consider
alterantives for modifying and expanding the individual treatment units.

Pretreatment: The existing pre-treatment units comprising the barminutors and
grit chambers will be abandoned due to their inferior performance and the poor
condition of the mechancial equipment. Proposed new pretreatment units are
presented in Table 8-2.

Primary Treatment: The capacity of the existing secondary sedimentation tanks
when converted to primary tanks will equal 60,000 m3/da. This will accommodate
almost all of the proposed treatment plant expansion on the present site. The
existing primary tanks may be used to provide an additional capacity of up to
30,000 mJ/da. The actual capacity rating will depend upon the biological
treatment alternative chosen' and the corresponding loading to these upstream
units.

Polymer addition should be investigated as a means of enhancing settling and thus
increasing the efficiency of the primary sedimentation tanks. Any polymer
system requires testing to determine the proper polymer and dosage rates.
Typical polymer doses elsewhere have been approximately 0.3 mg/l which would
result in a polymer consumption of three kilograms per 10,000 cu m/day.

When polymer of the correct type and dose is added to primary influent, there
may be substantially increased removals of suspended solids. This decreases the
suspended solids content of the influent to the biological treatment systems are
usually more effective in removing dissolved and colloidal BOD than suspended
BOD. There can also be a removal of a certain amount of BOD in the primary
sedimentation process attributable to the polymer addition. Although this may
not be commensurate with the suspended solids removal, it is still beneficial to
the biological treatment system.

For example, at the Joint Water Pollution Control Plant of the Los Angeles
County Sanitation Districts, in Carson, California, primary influent polymer
addition increased the suspended solids removal from a normal value of about 65
percent to an improved value of about 78 percent)· Inasmuch as the plant
influent SS was about 500 mg/l, this meant an additional 65 mg/l suspended solids
removed ahead ahead of downstream treatment. The primary treatment BOD
removal enhancement was in the order oJ 2.0 ~g/l. The prospects for suc~ an . ,
operation, if applied at AGTP, would appear favorable arid might show an overall
economy in aeration power saved, even when considering the costs of the
imported polymer and its operating facilities.

The design parameters for the modifications to the primary treatment works are
presented in Table 8-2.

8-2.2.
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WASTEWATER COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES

TABLE 8-Z .

DESIGN CRITERIA FOR
MODIFICATIONS TO PRIMARY TREATMENT WORKSa

Influent Pumping

Average Flow, Year ZOOO
Peak Flow
Number Pumps Archimedes Screw

(incl. Z standby)
Capacity Each Pump
Lift
Power

Comminutors

Number
Capacity
Power

Parshall Flum es

Number
Capacity each
Throat Width

Grit Chambers (Aerated)

Average Flow
Peak Flow
Detention Time (Peak Flow)
Tank Volume (Total of Two)
Depth
Width
Length (Total of Two)
Air Requirement

Grit Processing Units

Centrifugal Separators (Z)
Grit Washer/Classifier (Z)
Recessed Impeller Pump Units (3)

8-Z3

96,000 m3/day
173,000 m3/day

10
Zl,500 m3/day
6m
30 kw

Z
69,800 m3/day for peak hydraulic
3.75 kw

,
z
ZOO,OOO m3/day
1ZZ cm

96,000 m3/day
173,000 m3/day
5 mins.
600 m3
Sm
7.5 m
16 m
11 m3/min

1.1 m3/min each
1.1 m3/min
1.1 m3/min each

,.
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TABLE 8-2, (Continued)

Prim ary Sedim entation Tanks

Existing Primary Tanksb

Number
Overflow Rate (30,000 cu mid)
Detention Time
Width
Length
Depth

Primary Tanks Converted from Final
Sedimentation Tanks

Number
Overflow Rate (60,000 cu mid)
Detention Time
WidthC

Length
Depth

6
2,4 m3/m2,/day
1.5 hr
5m
42, m
1.5 m

6
40 m3/m2,/day
Z hr
5.0 m
51 m
3.0 m

a Number and sizes of equipment will be evaluated during the design phase.

b The existing primary sedimentation tanks mayor may not be included in the
future system depending on the treatment alternative chosen.

c Width may decrease due to the structural modification required.

8-Z4



WASTEWATER COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES

Biological Treatment: Different biological treatment alternatives were
considt.lred for upgrading thl! AGTP. Comparison of these options was made
assuming a raw sewage BODS of 900 mg/l and 900 mg/l of SSe These assumptions
were deemed quite conservative but realistic for planning purposes. After
primary treatment, the estiamted BOD concentration of the effluent reaching the
biological system is assumed to be 585 mg/l. The alternative systems were sized
on this basis.

For the purposes of this comparison, the entire existing plant and the site lying
between the municipal slaughterhouse and the treatment plant were assumed to
be utilized. This provided a realistic assessment of the relative use of land for all
alternatives. The land lying to the north of the existing site is reserved for future
development of effluent filtration or possibly other forms of tertiary treatment
depending on long-term assessm ent of effluent quality needs. A discussion of
possible future effluent criteria affecting such choices may be found in Chapter ~.

Staging of treatment plant expansion is not considered in detail i17. this chapter;
rather, a selection is made for the most viable future process for the treatment
plant. The recommended construction staging is addressed in Chapter 10.

Two basic biological treatment alternatives were considered as part of this
Master Plan:

• Conventional Activated Sludge
• Roughing Filters Followed by Conventional Activated Sludge

A third alternative, the pure oxygen activated sludge process (commonly known as
UNOX), was also considered but was dropped during the initial screening. UNOX
has been developed as a viable form of secondary treatm ent in the past decade. It
can produce high quality effluents when dealing with strong wastes, and is slightly
less land intensive than conventional activated sludge. Thus, if UNOX were to be
employed at the AGTP site, a slightly higher capacity plant would be possible than
for conventional activated sludge. However, UNOX is an energy intensive process
which involves the generation of. pure oxygen plus the necessary mixing in the
(covered) aeration basins. This system is also considered a high technology process
because it requires a cryogenic system to produce pure oxygen. Such a cryogenic
system must be completely renovated every five years. During this down time
ei ther a duplicate system must already be available to provide the necessary
oxygen or liquid oxygen must be purchased and brought on-site.

The several disadvantages of pure oxygen activated sludge were judged to
outweigh the advantages offered by the process. Accordingly, the pure oxygen
system was eliminated from further consideration. The two surviving alternatives
are discussed in detail in the following sections.
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Treutm ent Alterrlative (TAl) - Conventional Activated Sludge

The conventional activated sludge process is prosently used at the AGTP. It is
probably the most frequently used seconrl Rfy treatment process in major
municipal treatment plants and normally provides the highest quality effluent that
Cell1 be attained short of tertiary treatment. Effluent quali ty of 30 ms/l for both
BODS and suspended solids can be readily achieved when treating normal strength
domestic sewage (ZOO mg/l BODS), and frequently, an even better effluent quality
can be achieved. However, primary sedimentation and activated sludge treatment
of much stronger wastes similar to the Study Area's (in the order of 900 mg/l
BODS) are not likely to produce such high quality effluent. As discussed earlier, it
is felt that an AGTP effluent quality of 50 mg/l for both BODS and suspended
solids may be achieved under well designed and operated secondary treatment
activated sludge facilities following primary sedimentation.

The unusual strength of the Study Area's wastewater requires certain design and
operational considerations that are not required for a normal strength wastewater.
The projected primary effluent's strength is more than double the raw wastewater
strength of many municipal waterwaters. This requires a high suspended solids
concentration in the aeration tanks in order to effectively treat the wastewater.
As implied by the design parameter, food to micro-organisms (F:M) ratio, when
the food (BOD) increases the biomass concentration (MLSS) should be increased
accordingly, partic!!' 1., .. ' the F:M ratio is to be maintained within a limi ted,
acceptable range. no.' /''1er to achieve the desired BOD removals from high
strength aeration tank ;.ent detention times must be increased above the
normal. This factor, COl..: d with the extended peak flows experienced at AGTP
(1.4 times the average daily flow to 6 to 8 hours), require high detention times in
the range of 18 hours.

In order to maintain the high solids concentration in suspension and to provide the
oxygen required for biomass uptake, proper mixing and efficient oxygen transfer
are essential. Mechanical surface aeration can meet such requirements; however,
certain limitations are imposed by the size of the aerator on the geometry of the
basins. The dimensions of the basin must be generally proportional to the aerator
size in order for the basin content to be completely mixed and to minimize oxygen
transfer losses due to flow surging and vortexing. Aerator suppliers provide
recomm ended minimum and maximum size basins for efficient operation of a
given horsepower. In the case of high strength wastewater, the basin dimensions
may actually be governed by the size of the aerator rather than by the process
kinetics.

Proper fadIi ties for monitoring and control of the activated sludge process are
also essential. A substantial flow of return activated sludge (RAS) is required to
maintain the needed mixed liquor suspended solids (MLSS) concentration in the
aeration basins. Flexibility of providing RAS in the range of ZS to 100 percent of
the design (throughput) flow should be provided. This can be best accomplished
through the use of variable speed centrifugal pumps. In addition to varying the
RAS rate, the variable speed pumps provide a positive means of withdrawing
sludge from the secondary clarifiers. The RAS flow and density should be
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measured and the mcusurem ents indicated and recorded.

Excess activated sludge is wasted P.B required to maintain a predetermined mean
cell residence time (MeRT). This diversion of waste activated sludge (WAS) may
be accomplished by either wasting MLSS from the aeration tanks or by wasting a
portion of the RAS flow. Like the RAS, controls such as indicators, recorders and
totalizers are required to monitor and record the amount of activated sludge
wasted.

In arldition to providing new aeration basins, the existing aeration tanks will be
modified £r:>r surface aeration application. This will increase the efficiency of the
existing tanks substantially. The existing compressors (blowers) will be used to
provide additional mixing and oxygenation capacity during their remaining useful
life. An evaluation of the existing compressors and the extent they can be used
will be made during the design stage.

Due to their limited capability, the most efficient way to utilize the modified
existing tanks would be for the existing tanks to handle a constant flow while the
new tanks would be designed to accommodate the extended peak flows experienced
at AGTP. This may be difficult to accomplish though due to the complexity of
flow distribution between the existing and new units.

The converted existing aeration tanks plus the new ones on the existing developed
site would provide a total capacity of 53,000 eu m/day. The Southern site
(undeveloped municipal land between the AGTP and slaughterhouse) could be
developed for 37,000 cu m/day. The new plant in the Southern Site would act
almost as an independent treatment plant and would be constructed initially so
that the operation of the AGTP would not be interrupted during existing units
modification. The design parameters for Treatment Alternative TAl are
summarized in in Table 8-3. Figures 8-5 and 8-6 show the proposed units and
layout of the faciIi ties in both the existing site and to be developed Southern site.

Treatment Alternative (TAZ) - Roughing Filters Followed by Activated Sludge

The combination roughing filter - activated sludge mode is generally used to
handle high strength wastewater as when a plant receives a substantial amount of
industrial wastewater. As a result, this type of treatment technique is felt to be
applicable to the relatively strong wastes encountered at AGTP. A layout for a
75,000 cubic meter per day plant is presented in Figures 8-7 and 8-8. The existing
primary sedimentation tanks will be used as part of this alternative and all flow
from the prim aries will be directed to the roughing filters on the southern plant
site. As in Alternative TAl, the site is developed to is maximum capacity to
compare adequately the relative land use of the two alternatives.

The particular advantages of using a roughing filter treating a strong waste is the
resiliency of the process. Experience has shown that even when major variations
in waste concentration and quantity occur, the roughing filter requires only minior
operational adjustments to maintain a consistent efficient quality. From this
standpoint, roughing fil ters provide a more reliable process than does the activated

8-Z7
,""'- ."

~'1
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TABLE 8-3

DESIGN CRITERIA FOR TREATMENT ALTERNATIVE TAl

Existing Plant Site

Existing Aeration Tanks
Design Avg. Daily Flow
Number basins
Length x Width
Sidewater Depth
Detention Time Average
Mean Cell Retention Time
MLVSS
MLSS
13005 Applied, Average
F/M, Average
Oxygen Required, Average
Connected Aeration Capacity

New Aeration Tanks
Design Average Daily Flow
Extended Peak Flow
Number basins
Length x Width
Sidewater Depth

Average
Extended Peak
Peak

Mean Cell Residence Time
MLVSS
MLSS
BODS Applied
F/M 0.34
Oxygen Required
Connected Aeration Capacity

Secondary Clarifiers
Design Avg. Daily Flow (small/large)
Number
Diameter
Sidewater Depth (all)
Surface Area (each, small/large)
Surface Loading

Average
Extended Peak
Peak

8-28

17,300 m3/day
8
15 m x 26 m
4.3
18 hr
6 days
2,250
3,000
10,120 kg/day
0.34
14,200 kg/day
600 kw

41.700 m3/day
63,700 m3/day
9
23.8 x 23.8 m
6.0 m
18
11.8
10.0
6 days
2,250 mg/l
3,000 mg/l
24,410 kg/day

34,170 kg/day
1,450 kw

59,000 m3/day
3
33.5 m/40.0 m
3.8 m
881 sq. m/1.256 sq. in

15 m3/m 2/day
20 m3/m Z/day
26 m3/m 2/day
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TABLE 8-3 (Continued)

Detention Time
Average
Extended Peak
Peak

Southern Plant Si te
Design Avg. Daily Flow
Primary Sedimentation

Number
Avg. Overflow Rate
Detention Time

Width
Length
Depth

Aeration Tanks
Number
Length x Width
Sidewater Depth
Detention Tim e

Average
Extended Peak
Peal~

Mean Cell Retention Time
MLVSS
MLSS
BODS Applied
F/M
Oxygen Required
Connected Aeration Capacity

Secondary Clarifiers
Number
Diameter ~
Sidewatel' Depth

Surface Area (each)
Surface Loading

Average
Extended Peak
Peak

Detention Tim'.:
Average
Extended Peak
Peak

6.0 hr
4.6 hr
3.5 hr

37,000 cu m/day

5
40 m3/m Z/day
Z.l hr
5m
37.5 m
3.5 m

8
Z3.8 x Z3.8
6.0 m

18
13.1
9.5
6.0 days
Z,Z50
3,000
Zl,600 kg/day
0.34
30,300 kg/day
1,040 kw

Z
40 m
3.8 m
1,Z56 sq m

14.7 m3/m Z/day
ZO.6 m3/m Z/day
Z6.5 m3/mZ/day

6.Z hr
4.3 hr
3.4 hr

L
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T~tment Alternative (TAl,) - Roushing Filters Followed by Activated Sludge

The combination of roughing filters (initial trickling filters) followed by activated
sludge for treatment of primary effluent of unusually high strength (BOD) i8
sometimes used in municipal treatment works if exceptionally strong industrial
wastes cause very high BOD concentrations in plant influent. The AGTP influent
of the future will have a high BOD concentration. Although this is primarily
because of the low per capita water consumption and not because of excessive
industrial wastes, the roughing filter9"'activated sludge arl'angement is still a vel'y
logical candidat'J for the future AGTP facilities. The roughing filters, sometimes
known as oxidation towel's, would I'educe the BOD of the primary effluent to an
intermediate SfT .mgth, facilitating the final BOD reduction to the required
effluent levels by the activated sludge. The sizes of the activated sludge units
would thus be reduced from those otherwise required.

Among the advantages oj~ trickling filters in wastewater treatment are the
following:

• Relatively simple operation and maintenance requirements (however, see
ensuing discussion concerning odol' control).

• Resilience and reliability in accommodating fluctuating hydraulic and
puticularly organic loads (shock loads) while still effecting substantial

. removals of pollutants and yielding generally favorable effluents for
subsequent activated sludge treatment.

• Relatively low energy I'equil'ements vi9"'a-vis the activated sludge pl'ocess.

Despite unquestionable advantages, there are also cel'tain disadvantages to
trickling filters, including the following:

• Greater space requil'ements than activated sludge

• Greater capital cost requirements than activated sludfJe

• Greater vulnel'ability to low temperatUl'e fall-off in efficiency of
operation than activated sludge.

In order to develop a realistic comparison between TAl and TAZ for the futUl'e
AGTP facilities, it was nece.ary to investigate the probable I'equil'ements of
needed facilities for these respective 1dternatives to the extent that the
maximum facil~ties possible could be installed at the existing AGTP developed
site and at the immediately adjoining site to tbe south. Such a basis of
comparison was deemed appropl'iate because of the early need for gl'eatly
increased AGTP capacity, the immediate availability of limited space fol'
development at and immediately adjacent to the curl'ent plant site, and the
eventual requirement for obtaining a downstream plant site and constructing a
downstream outfall sewel' and. treatment facilities. It would probably be
economical to minimize the future capacity and site requirements fol' these

8-30 I' ,
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downstream factlitiol that would be needed to taka surplul flows when the AGTP
capacity reaches tts ultimate capacity. By providing maximum development at
the AGTP, this purpose would be accomplilhed. It would allo delay the future
date by which such downltream facmtisl would be required.

The sizing of faciUtiel for alternative TAZ al well u the crJm;parilon of TAl and
TAZ al to specific facUities, performance, COltl, and veil'ioUI ramificationl
involves considerablo detail. Thil il pre.ented in Appendix L of thil report.

Table 8-4 presents the design criteria for Treatment Alternative TAZ. Figurel8
7 and 8-8 show the proposed units and layout of the facUitiel in both the exilting
site and the Southern site to be developed.

Comparative Costs for Alternatives TAl and TA~

Information derived in Appendix L summuizel comparative COlts of bioloilc~

(secondary) treatment for the AGTP under A.lternative TAl and TAZ and il
presented in Table 8-5.

Recommended Alternative

JMM/OMJM's analyses (Appendix L) have indicated that either TAl or TAZ would
be acceptabte and that the cost comparisoDi between theile alternativel are quite
clOle, particularly when the roullhing filters (o:lCidation towerl) of TAZ are not
provided with special ventilation and odor control systeml and when power
recovery systems ue provided and if fut~e enerllf costl elcalate rapidly. NPC il
understood to favor power recovery for the plant and to be very concerned about
the future prospects for energy cost elcalation. Also, NPC does not feel it likely
that special odor control fa.cilities for oxidation towers need be conlidered under
the circumstances. Also, the use of TAZ alterncLtive, suitably modified in actual
design, can be made to adapt to the existing fac:i1ities and layout at AGTP with
advantage. Thus, NPC believes that TAZ is preferable to TAl. Following a
weighing of all factors concerned, JMM/DMJM concurs with this appraisal and
recommends Alternative TAZ.

Tertiary Treatment Alternatives. Because the influent concentration of both
BODS and 55 of the AGTP are so much higher than thOle generally found in a
normal strength domestic sewage, some type of tertiary treatment will be
required to achieve the water quality objectives listed in Table 8-1. The most
common forms of tertiary treatment are effluent filtration and
ni trification/deni trification.

Effluent filtration removes residual suspended solids ahd BODS from an effluent.
This aids the disinfection process by eliminating extraneous solids that impart a
high chlorine demand, simultaneously reducing the amount of chlorine that is
need.ed and increasing the efficiency of the dianfection process. It also enhances
the quality of the receiving stream by removing a source of oxygen dem~d from
the effluent.
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TABLE 8-4

DESIGN CRITERIA FOR TREATMENT ALTERNA'11VE TAZ

ROUihinll Filter.

Deliin AVi. Daily Flow
Number
Diameter
Media Depth
Area (Each)
Media Volume (Each)
Surface loadinli (without recycle)

Averalle
Il18tantaneou. Peak

80D loadinli
Average

BOD Removal
Average
Winter

Recirculation Ratio

Intermediate Clarifier.

Number
Diameter
Sidew~,erDepth
Surface Area (Each)
Surface loading

Average
Peak

Detention Time
Averalle
Peak (CoDiervative Buis)

Existing Aeration Tanks (converted)

Design Avg. Daily Flow
Number
Length x Width (Each)
Sidewater Depth
Detention Time

Average
Mean Cell Retention Time

8-3Z

15,000 m3/day
5
Z5 m
5.8 m
491 mZ
Z,851

31 m3/mZ/day
56 m3/mZ/day

43,900 kl/day

50%
4Z%
Z:1

3
31.1 m
3.8 m
188 mZ

3Z m3/mZ/day
51m3/m Z/day

Z.5 br
1.4 br

30,000 m3/day
8
Z6 x 15 III
4.3 m

10.1 hr
-days
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TABLE 8-4
(Continued)

990
680
7Z0 kg/hI'

Average Temp.

MLVSS (Average) Z,Z50 mg/l
MLSS (average) Z,8Z0 mg/l
BODS Applied Avg. 8,780 kg/day
F1M Average 0.Z9
Oxygen Required lZ,400 kg/day
Connected Aeration Capacity

Existing:
kw
m3/min.
Oxygen available

New Aeration Tanks
Design Avg. Daily Flow
Number
Length x Width
Sidewater Depth
Detention Time

Average
Extended Peak
Peak

Mean Cell Retention Time

Average Temp.

MLVSS (Average) Z,Z50 mg/l
MLSS (average) Z,8Z0 mg/l
BOD::; 13,170 kg/day
F/M Average 0.3Z
Oxygen Required 18,600 kg/day
Connected Aeration Capacity

Secondary Clarifiers
Number
Diameter
Sidewater Depth
Surface Area (each)
Surface Loading

Average
Extended Peak
Peak

Detention Time (Conservative Basis)
Average
Extended Peak
Peak

8-33

Winter Temp.

Z,680 mg/l
3,350 mg/l
10,185 kg/day
0.Z8
14,300 kg/day

45,000 m3/day
6
ZZ.5 x ZZ.5 m
6.0 m

9.7 hi'
7.3 hi'
5.4 hi'
-day

Winter Temp.

Z,680 mg/l
3,350 mg/l
15,Z80 kg/day
0.31
Zl,570 kg/day
1,015 kw

3
44m
4.0 m
1,5Z0 sq. m

16.4 m3/mZ/day
Z3.5 m3/mZ/day
Z9.4 m3/mZ/day

5.8 hi'
4.Z hi'
3.3 hi'
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TABLE 8-5

SUMMARY COST COMPARISON BETWEEN SECONDARY TREATMENT
ALTERNA11VES TAl AND TA2

(See Appendix L for Additional Detail)

TAl TAZ
Activated Sludae Roupinl PUten

Item Alone plua Activated Sluye1

Total Construction Cost, JD 1,000 1,160 1,150
Implementation COlt, JD 1,000 3,580 3,515
Total Project COlt 10,140 10,135
Annual Capital COlt, JD 1,000 1,262 1,261
Unit Capital Coat, JD/l,OOO m3 1,262/35.0 MCM/YI' 1,261/21.4 M<::M/yr

= 36,100 :z 46,100

Average ADDual kwh, mtlliem. Z5.9 20.3
Annual Energy Coat for Biol~cal

Treatment Alone JD 1,000 901 111
Total Annual Coat, JD 1,000 3 2,169 1,912

Total Unit COlt, JD/l,OOO m3 62,000 12,000

1 System does not include ventilation system or odor control faelUtie. for the
rought. filters (oxidation towen). The need. for same is uncertain. If they were
found necelIIary, the capital costs could riM by over 30 percent for TA2. Power
costs would increase by perhaps 18 percent.

2 Does not include sludge processing, power recovery or enersy escalation from
current 35 fUs/kwh rate at AGTP. With 4 percent anDual energy escalation, yeu
2000 costs would be 1,981 ad 1,551, reapectively (in JD 1,000). Thil worb in

," ; favor of TAZ.

3 Power recovey if added to both TAl ad TAZ, would hune.s s1~e aa.
amounting to 4.Z0/35.0 = O.IZ m3 per m3 wutewater for TAl aDd 0.14 m3 per m3
wutewater for TAZ, thus favoring TA2. Por this compuilon, non-energy OIeM
costs are assumed approximately equal for TAl and TA2 ad are therefor~

omitted.
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The primary reason for utilizing nitrification/denitrification in a treatment
facility is to remove another source of oxygen demand from the receiving stream.
Nitrogen, in domestic waste is found primarily in the form of ammonia, and little
red.uction of ammonia occurs in a normal secondary treatment facility. As a
result, ammonia is discharged to the receiving stream where it exerts an oxygen
demand by consuming oxygen as it converts bom ammonia to nitrite and
ultimately to nitrate. The concentrations of ammonia in the effluent bom a
treatment plant like Ain Ghazal can exert such a high oxygen demand in the
receiving stream that virtually all of the oxygen is depleted. When this occurs,
anaerobic conditions may occur. The following discussion describes the two
tertiary treatment processes for consideration at the AGTP.

Effluent Filtration. Effluent filtration, if added to the process stream, would
comprise in-line alum coagulation and dual media or sand filtration, followed by
disinfection. The nominal filtration rate would be O.ZO m3/mZ/minute, and for a
75,000 m3/day AGTP, the gross area requirements would be about 1,600 mZ•
Inasmuch as effluent filtration facilities probably will not be constructed in the
near future, the full design criteria have not been developed for this Muter Plan.
The effluent filtration would reduce turbidity to about 1-5 JTU, thereby
permitting chlorination to reduce the MPN coliform densitites to the desired
Z.Z/100 mi.

Nitrification/Denitrification. Nitrification/denitrification, if added to the
process stream, would comprise biological nitrification in the activated sludge
aeration tanks followed by either anaerobic denitrification or ammonia stripping.
In the latter case, the ammonia would be stripped as a gas by line-treated effluent
when passed through a cooling tower. For an 96,000 m3/day AGTP, the pOlS area
requirements for ammonia stripping would be about 5600 mZ• Either method
would reduce the effluent nitrate level to below 45 mgtl, if implemented.
Although nitrification/denitrification would be desirable at the AGTP, it is not
essential to the overall performance. As a result, full design criteria have not
been developed for this Master Plan.

Sludge Processing Alternatives. During the process of wastewater treatment,
large quantities of primary and waste activated sludge are produced. Primary
sludge is composed of heavier organic and inorganic solids that settle out of the
raw wastewater in the primal'y sedimentation tanks, and can ususally be readOy
digested under the proper conditions. Waste activated sludge settles out in the
secondary clarifiers and is composed of bacterial cell mass produced in the
activated sludge process. Like primary sludge, waste activated sludge is readily
digested given the proper conditions.

Both of these sludges accumulate continuously in their respective clarifiers and
must ultimately be removed from the process stream. The steps that are taken to
process the sludges are sludge thickening followed by sludge stabUization followed
by sludge dewatering. The dewatered sludge is either landfilled or spread on the
ground as a soil conditioner. The following sections present sludge processing
alternatives for use at the Ain Ghazal Treatment Plant.
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Sludge Thickening. The primuy sludge must be thickened to a minimum
concentration of 5 percent bafore it can be fed to the anaerobic digesters. In
many plants this has been accomplished by control of the sludge quantities in the
hoppers of the primuy sedimentation tanks. The hoppers at AGTP appear to be
adequate for this type of operation. Such an operation requires operator attention
and daily testing of sludge concentrations.

The assessment of existing conditions at Ain Ghazal suggests that the wute
activated sludge thickening be done with diuolved air flotation thickeners. Such
thickeners have been found to work well with activated sludges, producing 90
percent solids recovery and " to 6 percent solids in the float. The clesip
parameters for dissolved air flotation thickeners are presented below:

Puameter

Solids Loading Rate
Air to Solids Ratio
Polymer Dose
Solids Capture
Type of pressurization

Design Figure

88 kg/m2 day
0.03 kg air/kg solids
5 kg/metric ton
90 percent
recycle flow

The two converted thickeners would each be able to treat 10,800 kg/day of waste
for a total of 21,600 kg/day, for TAl. An estimated 34,600 kg/day of wute
activated sludge wiD ultimately require thickening, which is a short-fall of
13,000 kg/day. Therefore, this alternative wUl require aD additional air flotation
thickener with an area of I SO square meten.

Sludge Stabilization. Sludge must be stablized prior to disposal to eliminate a
substantial amount of its pathogens and to reduce the organic matter in the sludge
fiow. Three general methods of sludge stablization have been used in most
treatment plant in"tallationa. These are: aerobic sludge digestion; thermal
treatment of the sludge, including w(ot air oxidation; and anaerobic sludge
digestion.

Aerobic Digestion. Aerobic sludge digestion has enjoyed a time of populuity for
a period to time due to its ease of operation. Fifteen to twenty days of detention
time ue provided in a basin where the sludge is aerated. Typical volatile solids
reductions average forty percent. Relatively little control of the proceu is
required and a number of treatment plants have such systems. The major
disadvantage of such a system is that it requires a great deal of energy to provide
aeration and mixing. For a 60,000 cubmic meter per day plant at Ain ghazal,
approxim ately ten million kwh!yr of electricity would be required.3 This is
equivalent to JD 300,000/yr at current electrical rates. Because of this exceuive
ener@y requirement, aerobic digestion, has been eliminated from further
consideration in this Master Plan.
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Thermal Treatment. Thermal treatment has been developed by several
manufacturel's u a method of stabilizing sludge. A study was pedormed for the
United Stiltes Envil'oamental Pl'otection Agency (EPA) entitled "Effects of
Thermal Tl'eatment of Sludge on Municipal Wastewatel' Tl'eatment Costs"" which
investigated various installations throughout the United States. A portion of the
conclusions and recommendations contained in the study is summ8l'ized below:

• PUot plant opel'ation befol'e desip is desbable.

• The auxiliary units fol' which backup should be provided include sludge
feed pumps, grinders, ail' compl'euors, high pl'euure pumps, boilel'
watel'feed pumps, and boUen.

• Grit I'emoval bom the slude is euential.

• The treated sludge stol'age tank should be equipped with decanting
faclli ties.

• Digestion before heat tl'eatment is not desil'able.

• Operating temperature should be kept as low as possible consistent with
adequate sludge condidomng.

• The lead opel'atol' fol' the thel'mal tl'eatment system should have a good
mechanical aptitude and be able to do fl'equent, I'outine preventive
maintenance.

• The need to remove scale bom heat exchangers is the mOlt fl'equent
I'eaaon for ~outine shutdowns of thel'mal tl'eatment systems.

• High chloride wastewaters (i.e., in coastal areas whel'e seawatel'intl'usion
may OCCUl') require the use of especially corl'osion I'esistant materials in
the thermal tl'eatment system.

• Odor problems are common and adequate contl'ol facilities should be used.
The methods most commonly used for contl'ol of odon ue high
tempel'atUl'e inc~neration, adsol'ption on activated c8l'bon, and chemical
scrubbing.

• The BOD load imposed on the wastewater treatment plant by recycle of
the liquors from the thel'mal treatment syslem can constitute ZO perocent
of the total infiuent BOD load. The I'ecycle liquors usuWly impet a coloI'
to the final effiuent and may sipificantly degl'ade the effiuent quality if
the wastewater treatment plant does not have adequate capacity to treat
the I'ecycle loads.
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The advantages of thermal treatment systems include the following:

• Condition sludges so that they dewater more readily and more completely
thaD when conditioned by other means. This provides a reduction in
dewateriDg costs,

• Can provide puteurization of the sludge renderinl it bee of pathogenic
organisms.

• Can provide oxidation of sludges without the prelimiD8l'y dewatering
required for incineration aDd with substantially reduced air pollution
potential.

• Can provide reduction of sludges containiDg toxic materials which would
render biological stabilization proce.es ineffective.

The disadvantages of thermal treatment systems are that they:

• Involve greater mechanical complexity than moet systems that municipal
treatment plant operators are familler with. Operators are often
reluctant to work on or around the high temperature-prellure equipment~

• Require substantial operator attention and frequent maintenance. Many
of the systems visited reported substantial downtime due to maintenance
problems.

• Produce odorous off-gas that muat be collected and deodorized before
release.

• Transform insoluble organic substances in the sludge into soluble
materials which appear in a high streDgth cooJrJng liquor. Recycle of this
liquor to the wastewater treatment plant can degrade efnuent quality if
the plant does not have adequate capacity to handle the recycle load.
Recycled liquor many also result in refractory organics appeari. in the
efnuent causing color and increased COD level~.

A thermal treatment system for AiD Gllazal would require a system sized for
approximately Z,OOO cubic meters per day. Bued on the EPA stuely of this,
operatica and maintenance labor would t,e Z6,400 man hours per year. Fuel and
power requirem ents are presented in the ~ollowing table.
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System

Thermal Conditioning

Thermal Conditioning
with Ail' Addition

F!.t~l Requirements
(106 BTO/p)

1.6

Primary Elect.
Requirements
(10~ kwh/p)

1.5

Z.8

Bldg. Be Site
Elect. Req.

,W!.6 kwh/hr)

3

3

At CUl'l'ent prices of 35 fils/kwh and 15 fUs/Uter of diesel fuel, typical enel'gy
costs are estimated for these processes as follows:

Fuel Cost Electrical Cost
System (lOS JD/p)a (lOS JD/l'!')

Thermal Conditioning 1.51 1.58

Thermal Conditioning
with Air Additive 0.85 Z.03

a Cost of operation and maintenance labol' at 110 JD/m&ll-montha is 17,870 JD/yr.

The thermal tl'eatment systems offer a numbel' of disadvantages. Notably, they
require skilled and frequent maintenance. They are an energy intenaive system
and as such will increase in operating costs as time goes on. The EPA i. reluctant
to fund these processes because of chronic operational problem.. For these
reasol18, thermal treatment will be deleted from fUl'ther consideration in thi.
Master Plan.

Anaertlbic Digestion. The system of sludge stabiltzation cul'l'enUy in use at the
AGW is anael'Obic digestion. The existing anaerobic digesters have a total
volume of 6,000 cubic meters. In the near future, an additional lZ,OOO cubic
meters of capacity will be constructed, which will raise the total digestion
capacity to 18,000 cubic meters. Parameters that are generally used for sizilll
anaerobic digesters are as follows:

Parameter

Detention Time
Solids Loading Rate
Volatile Solids Reduction
Gas Production
Heat Value of Gas
Operating Temperature
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Deaie Fipe

ZO days
1.6 kg VSS/m3.d
45 to 55%
0.94 m3/ka VSS reduced
6.Z1 kwh/m3
300 C
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Assuming that the total volume of the existing digesters is 18,000 cubic meters,
the maximum allowable loading rate to the existing digesters would be Z8,800 kg
volatile solids per day, using the design figures presented above. Typical domestic
sludge contains approximately 80 percent volatile solids, which means that the
maximum weight of sludge solids that could be treated in the existing digesters is
36,000 kg/day. The estimated sludge production rate for Treatment Alternative
TAl in the year ZOOO is 90,ZOO kg/day, which is 54,800 kg/day above the estimated
capacity of the existing digesters. Based on this analysis, additional slildge
stabilization facilities will be needed at the AGTP by the year ZOOO.

The logical choice for the additional facilities is anaerobic digestion, for the
following reasons. First, the Ain Ghazal personnel have been operating anaerobic
digesters for some years and thus have a great deal of experience with this
process. Second, mechanical problems mentioned in Chapter 6 can be solved by
proper design of the digestion facilities and new grit removal facilities. Third,
toxic industrial wastes will not represent a significant portion of the wastewater
flow in the future, so the anaerobic digesters should not be susceptible to upset.
Fourth, anaerobic digesters produce more energy, in the form of digester gas,
than they consume. This energy can be recovered as electrical energy and used to

"heat the digesters, which is a substantial advantage as compared to other
alternatives. Finally, the process is not complex. The operator is introducing
sludge to a tank where it is heated and mixed. A natural fermentation process
occurs which produces methane gas and carbon dioxide as the principle by
products.

The proper operation of an anaerobic digester requries that the sludge be properly
thickened and gradually fed to the digester in small increments. This impUes
proper operation of raw sludge pumping and thickening and the waste activated
sludge thickening. Proper design of digestion facilities will provide adequate
heating and mixing. both draft tubes and gas injection at the bottom of the
digester have been used for mixing with success. For heating, heat exchangers
similar to the existing ones appear appropriate, though in some cases direct steam
injection has been used with great success. These matters would be determined
during the detailed design phase.

Engine generators can be used to recover a portion of the energy in the digester
gas by producing electricity. A schematic of such a system is presented in
Appendix K. Approximately thirty percent of the net fuel value of the gas can be
recovered as electrical output from the generators. Waste heat from the engine
generator can also be recovered by recycling the engine cooling water and engine
exhause through heat exchangers to heat digested sludge. Fifty-five percent of
the net fuel value can be recovered in this fashion. The total potential recovery
is therefore eighty-five percent.5 At a total sludge production rate of 90,ZOO
kg/clay in the year ZOOO,the estimated gas produced would be 33,900 m3/day which
would power an engine generator rated at Z600 kw. This would reduce
substantially the amount of power which would have to be furnished from outside
the plant. At the current price of 35 fUs/kwh this recovered energy is worth JD
800,OOO/yr for TAl in the year ZOOO. The costs of implementing such a process
are discussed in more detail in Chapter 9. Obviously it should be included as part
of the next plant exapnsion if that is economically feasible. If necessary, it could
be buUt after the expansion if funding is limited.
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Sludse Dewatering,. Up to the present time, the only form of dewatering
practiced at Ain Ghazal has been the use of open sand drying beds. Their use has
been limited because the dried sludge must be removed manually. More than
eighty percent of the sludge is trucked in liquid form to the municipallandfm. As
stated previoully the existing plant site is limited in size and will be utilized
completely when the plant is upgraded. AI a relult, the land needed for continued
use of sludge drying beds will not be available and an alternative method of sludge
dewatering must be employed. Potential dewatering methodl are described in the
following sections.

Belt Presses. Belt presles use horizontally mounted continuous belts to convey
and dewater the stabilized sludge. Under an exisiting project, three of these units
will be installed at the AGTP in the near future, and another will be added whE:~

needed. Total capacity is expected to be 54,000 kg/day of digested sludge which
is equivalent to 8Z,000 kg/day of undigested primary and waste activated sludge,.
The belt press has the advantage of being simpler to maintain than the other
alternatives described in this section. However, the belt wears out and must be
replaced eventually, but this is a relatively simple operation. Experienced
employees of belt press manufacturers CaD change a belt on one oi the machines
within two hours, but replacement of a belt by plant perlonnel, who do it
infrequently, probably would require one full shift.

Centrifuges. The centrifuge that is IDOlt often used for dewatering sludge is the
solid bowl type. This centrifuge has a rotating bowl into which sludge il fed and
separates into a dense cake containing the solids and a dilute stream called the
centrate. The centrate contains fine, low-density solids and is generally recycled
through the treatment plant. The sludge cake is discharged by a screw feeder into
a hopper or conveyer. Centrifuges are characteristically a high-maintenance
item. The edges of the screw feeder are protected by a material called hardface
which is gradually worn away by grit in the sludge and must be replaced. To
accomplish this, the centrifuge must be shut down and the screw feeder removed
and taken to a welding shop for replacement of the hardface. Thil procesl can
easily take several weeks. In addition, centrifuges consume a relatively large
amount of energy since the operation of a centrifuge necesli tates the bowl to
rotate at a very high speed. The feeder also rotatel but at a lower speed than the
bowl.

Filter Presses. Filter presses dewater sludge by forcing the water from the sludge
under high pressure. This is accomplished by conveying sludge on cloth filters
fitted between two plates. The plates are pressed together for one to three hours,
and the water escapes through the filter cloth aDd plate outlet ports, leaving the
dewatered Iludge behind on the cloth. Plate and frame filter prelsel require
periodic replacement of the filter cloth on each plate. This il a lengthy operation
because such presses can have as many as 95 pl~tes. Filter presses have more
extensive support equipment than any other system. They also require sludge to
be conditioned with lime and ferric chloride. A lime system, in particular, il
expensive because lime doses from 10 to Z5 percent of the sludge weight are
typical. Systems must be provided to acid wash the presl to clean it.
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The total system becomes very complicated and expensive, being typically twice
the cost of the other systems under discussion.

Vacuum Filters. A vacuum filter is composed of a cylinc1l'ical drum over which is
stretched a filter medium which can be a cloth of natural or synthetic fibers, coil
springs, or a wire-mesh fabric. The drum is partially SUbmerged and rotates
slowly in a bath of sludge. The interior or the drum is subjected to a vacuum, the
sludge is pulled against the fabric, the water is pulled tlu:ough and the solids 81"e
left behind. The solids are removed from the fabric surface by a scraper that
deposits them in a hopper or on a conveyer for disposal. The vacuum filter is
most comp8l"able to a belt press in that the major form of maintenance is the
replacement of the filter cloth. Generally vacuum filters do not perform as well
as belt presses.

Energy Consumption of Alternatives. Typical values for the energy consumption
of dewatering processes are presented below:

Process

Centifuge
Filter Press
Vacuum Filter
Belt Filter Pressa

Energy Consumption
(kwh/IOOO kg dry sludGe)

ZOO-400
100-ZOO

40-60
IO-ZO

a From recent belt press evaluations in Chino, California

Selection of Alternative. To summarize the mechanical dewatering options, the
cost comparison between the use of vacuum filters or centrifuges is very close
both in terms of capital cost and cost per kg of sludge processed. Filter presses
cost approximately twice either of these in both capital cost and cost per kg of
sludge processed. The cost of a belt press installation is comparable to that of a
vacuum filter or a centifuge with all other criteria being equal but the relative
ease of maintaining the belt press makes it the preferred choice.

Treatment Alternatives for the New Plants

A new treatment plant, whether constructed at or near the Upper Wadi Abdoun
site or the Khirbet er Ruseifa site, would be located in an urban area where the
cost of the land is substantial and the terrain does not favor land-intensive type
processes. In view of the significant flows that would have to be accom modated
at these alternative locations, the activated sludge process appears to be the most
appropriate selection for treatment. Effluent standards would be similar to those
for AGTP. Further consideration of treatment alternatives for the new treatment
plants is not necessary. A process description and ~ost estimates for each
alternative are presented below.
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Upper Wadi Abdoun Treatment Plant

A treatment plant site has been identified in the Upper Wadi AbdoUD area which
will provide substantial hychoaulic relief to the sewers in Amman. This has already
been discussed in the portion of this chapter dealing with the AWSA collection
system. Presuming 100 percent connections, the nows to this plant are estimated
at 8,600 m3/day in 1990 and ZI,ZOO m3/day in ZOOO.

The area around the proposed Upper Wadi AbdoUD Treatment Plant (UWATP) is
expected to be extensively developed by the year ZOOO. As a result, real potential
exists for complaints due to odors from the treatment plant. Most odors from
wastewater treatment plants arise from sludge digestion and dewatering. To
minimize this problem, the sludge produced at the UWATP will be returned to the
sewer where it will be conveyed to the AGTP, settled in the primary
sedimentation tanks and further treated in the AGTP solids processing facilities.•
This concept has been used by both Los Angeles County Sanitation Districts and
the City of Los Angeles. This will require additional digestion and solids
processing facilities at the AGTP.

The size of the UWATP in the year ZOOO makes conventional activated sludge the
viable treatment alternative. The cost of such a plant without solids processing
facilities are presented below:

!!!!!
Construction Cost
Implementation Cost
Total Project Cost
Equivalent Annual Project Cost
Annual Operation Be Maintenance Cost
Annual Power Cost
Total Annual Cost

Cost (JD)

~,050,000

3,OZ5,OOO
9,075,000
1,066,000

138,000
403 ,ZOO

1,607,ZOO

Dry Weight
(kg/day)

The anticipated sludge production for the plant is presented below:

Sludge Production
Wet Volume Dry Volume

(m3/day) (m3/day)

1990
ZOOO

8,100
19,900

ZOZ
498

45
100

The additional digestion capacity required at the AGTP to handle these solids is
5,100 m3 in 1990 and lZ,400 m3 in ZOOO. This can be accommodated in the
southern plant site. The dewatering facilities would have to be expanded by a
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minimum of one belt proess by the year ZOOO. A new dewateroing building should be
constroucted on the southeron plant site at the AGTP and then two belt proesses be
proovided, one acting as standby. This would have to be done between 1990 and
ZOOO. The cost incuroroed at the AGTP which may be assigned to the UWATP in the
ye81" ZOOO are as follows:

~.

Construction Cost
Implementaton Cost
Total Prooject Cost
Equivalent Annual Prooj ect Cost
Annual Operation Be Maintenance Cost
Annual Powero Cost
Total Annual Cost

Cost (JD)

1,7Z0,000
860,000

Z,580,000
303,150
16Z,000
156,800
6Z1,950

The disposal of the sludge is discussed in the Sludge Management Alteronative
section.

I(hbbet er Ruseifa Troeatment Plant

EveD with Upper Wadi Abdoun Troeatment Plant, the year ZOOO flows in the AWSA
system cannot be handled at the UWATP oro AGTP sites. This roequiroes building a
ucatment plant downstroeam of the AGTP Dear Khirobet ero Ruseifa.

The potential AWSA system flow, proesuming 100 perocent connections and the fiow
troeated at each treatment plant site He presented below:

Wastewatero Flow (m!tday)
With TJWATP Without UWATP

Item 1990 ZOOO 1990 ~

AGTP

UWATP

96,000

9,000

96,000

ZZ,SOO

96,000 96,000

105,000 176,500

KRTP

Total

58,000

105,000 176,500

9,000 80,500

A new treatment plant site will apparently have to be developed to accommodate
the flows between 1990 and ZOOO, and constrouction would begin sometime about
1991. If, in fact, connections in the AWSA system proceed at a lowero roate than is
proojected in this section, the construction could be defened.

In any case, AWSA shoUld make plans to purchase this land in the near r~·'tU1'e. The
KRTP will roequiroe approoximately no dunulDS, proesuming that mechanical
dewatering of sludge would be used. The land in the uea is estimated to be wonh
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JD 15/mZ, so the cost of the site would be JD 1,800,000. The site is
approximately 100 meters wide at its narrowest point, and lies within the Seil
Zarqa flood plain. The proposed treatment plant site will therefore require flood
protection. At the AGTP, flood protection was provided by constructing a flood
control channel. Instead, earthen wall embankments may be used at the upstream
and downstream edge of the KRTP site whUe a concrete bulkhead sho..lld be used
parallel to the now. This is something that should be carefully evaluated during
the plant design phase.

With reference to the discussion of the AGTP, a new treatment plant using
conventional activated sludge with anaerobic digestion and belt press dewatering
is proposed. The estimated cost of such a plant at the year ZOOO alternative flows
is presented below:

With UWATP Without UWATP
Cost (JD) Cost (JD)Item

Construction Cost
Implementation Cost
Total Project Cost
Equivalent Annual Project Cost
Annual Operation 8c Maint. Cost
Annual Power Cost
Total Annual Cost

19,500,000
9,750,000

Z9,Z50,000
3,440,000

740,000
738,000

4,918,000

Z6,000,000
13,000,000
39,000,000

4,580,000
1,000,000
1,080,000
6,660,000

The quantities of sludge produced in the year ZOOO by these alternatives is
presented below:

With UWATP Without UWATP

Dry Weight (kg/day)
Wet Volume (m3/day)
Dry Volume (m3/day)

54,500
1,090

Z70

79,430
1,590

400

The disposal of sludge is discussed in the Sludge Management Alternatives section.

Zarga-Ruseifa

A draft feasibility s~udy has already been submitted for the Zarqa-Ruseifa (Z-R)
region.6 The study has been reviewed as part of this Mastel' Plan Scope of Work
and its findings related to population and wastewater flows were accepted.

The Scope of Work in the Z-R Study did not covel' the Schneller Camp, Marka area
and East Marka, Figure 8-9. East Marka which was considered earlier in the
Suburban Ring is projected to have an industrial zone and low to medium income
housing projects. Two Marka housing projects have been completed and a new one
is scheduled to be completed about 1984. The total population of the housing
projects is estimated to be about ZO,OOO by 01' prior to 1990.
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Both the Schneller Camp and the Marka area can be taken into the Z-R system by
providing appropriate trunk sewer extentions and enlargements plus a pump
station near the Schneller Camp. This would be necessary to clear ., drainage
obstacle near the phosphate mining area. Water impoWldment behind the obstacle
is due to natural drainage, industrial waste flow from the phosphaste mining
operations and the two major wet industries in the area, see Appendix D3, and a
possible leachate from the Schneller Camp subsurface disposal system.

The potential additional tibutary flow to the Z-R system is as follows:

1979 1990 ZOOO
Pop'n-- Flow Pop'n-Flow Pop'n-Flow

m3/day m3/day m3/day

Al Matar and Marka Areaa lZ,OOO 900 14,000 1,190 15,000 1,4Z~

East Marka ZO,OOO 1,700 34,000b 3,Z30

Schneller Camp Z4,000 I,ZOO Z4,000 1,440 Z4,000 1,680
36,000 Z,100 58,000 4,330 73,000 6,335

a Assuming P.S. No.4 is abandoned and P.S. No.3 is not built. Refer to
Figure 8-9

b Projected equivalent population including industrial contribution. Industrial
devl'!lopment has not occured yet in this area.

The Z-R Study calls for Phase I plant capacity of Z4,ZOO m3/day to meet the
needs up to the year 1990 and Phase II plant capacity of 41,ZOO m3/day for the
year ZOOO. The additional flows generating from Schneller Camp and the East
Marka Area tabulated above constit\.'.te 18 percent and 15 percent increase over
the Phase I and Phase II flows respectively. These are fairly substantial increases
and provision should be made in the design of the Z-R treatment facil iUes to
accommodate them.

Construction could be phased to include the Schneller Camp first into the Z-R
system. The hOUsing projects which will not reach their maximum occupancy
before 1985 would be phased in next. The Al Matar area and a portion of Marka
are served presently by the newly constructed pump station designated No.4 and
need not be connected to the Z-R system until 1990. At that time the pump
station will be abondoned and the flow will be transmitted to Z-R system via
pump station No. Z.

The previously planned pump stations No.3 and No.1 need not be built under the
Phase I program. The wastewater from the area south of the Zarqa highway and
tributary to pump station No. 1 can be collected and transmitted to AGTP by
gravity 01', if not possible, by a low lift pump station. Eventually this area will be
served by KRTP, the downstream plant. The area north of the highway and
tributary to the pump station is lightly populated and need not be served prior to
1990.
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The housing projects and Schneller Camp with a total population of 44,000 by 1985
form a significant source of concentrated wastewater load that need to be
addressed. In order to have a cost effective system, the camp and the housing
projects should both be sewered. The housing project by itself would not be able
to bear the cost of the trunk sewer and pumping station.

A cost summary of the trunk. system and pump station is presented in the
following table:

Al Matar to Housing Proj ects

Housing Proj ect to Schneller Camp

Schneller Camp to Pump Station No. Z

Pump Station and Force Main

Interceptor to Z-R System

Total Construction Cost

Project Implementation

Total Project Cost

Length
(meters)

3,300

1,ZOO

1,000

400

1,500

Diameter
(~)

300

400

500

300

500

Cost
(JD)

1Z1,000

51,000

47,000'

145,000

70,000

434,000

Z17 ,000

651,000

The Z-R Study recommended a typical plastic media trickling fUter plant followed
by post aeration and chlorination. This appeued to be the most cost effective
option as compared to stone media trickling filters and activated sludge. A BOD
removal of 90% is shown across the system on the mass balance diagram
presented in the Appendix to this Study. The percent removal indicated is
certainly possible during average temperature condition&. However, there is some
doubt as to whether such high removal could be achieved during cold weather
conditions. Average temperature in this region can reach a low of SoC to 80 C
during January and occasionally drops below freezing. The months of December
and Februuy are also relatively cool. Under such cold weather conditions, the
treatment efficiency of a trickling fUter is greatly impaired. At an average
ambient temperature of 7oC, the estimated BODS removal efficiencies for the
system could drop to a low of around 65 percent.

The Z-R Study estimates minimum BODS removal efficiencies of 7S percent at
100 C, which is 'the typical winter wastewater temperature at the AGTP.
However, when the sewage passes through a trickling filter with plastic media, a
heat exchange effect takes place and the wastewater temperature drops further.
Assuming that the BODS of the primary effluent is 575 mgtl, the effluent from
the trickling fUter pbnt could be as high as 144 to ZOl mgtl, using the above
removal efficiencies. Some dilution of the flow may occur from storm water flows
during the wet winter season. The Z-R Study preseDts the following information
on the average daily flows in the Seil Zarqa during the wet season:
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Tvpe of Yeu

Wet Year
Average Year
Dry Year

Flow
(m3/day)

314,300
ZZ7,700
168,000

The dilution effect of such nows is presented in Table 8-5.

TABLE 8-5

EFFLUENT DILUTION EFFECTS OF WET WEATHER FLOWSa

Z-R Effluent Concentration
at 144 m I

::oncentration after Dilution mg/I)

Z-R Effluent Concentration
at ZOI m I

Concentation After Dilution mg/I). -

Wet Year
Average Year
Dry Year

:990

10.Z
14.C
18.0

ZOOO

16.7
ZZ.O
Z8.4

1990

14.0
19.3
Z5.3

~

Z3.0
30.8
39.6

a The above figures a&~WDe zero BOD concentration in the river flow. BOD data
ue not available, however BOD concentrations vary depending on the tributazoy flows
at arl.y given time and the quality of such flows.

As can be seen from Table 8-5, wet weather nows can cause a substantial dilution
of the high BOD concentrations in the plant effluent. However, the flows in the
Zarqa River ue rather irregular even during the wet seasons and could not be
depended on to give the dilution effect required when the treatment plant
removal efficiencies fall below the desirable level.

Since the proposed Z-R plant is at some distance from the Muwaqqar landfill site,
the economics of sludge disposal require the trucking of sludge in a dewatered
form rather than in a liquid form. Since the land is available for sludge drying
beds, their use would be appropriate until such time when the site becomes
limiting, and a shift to mechanical dewatering then would be justified. The
Study's recommended use of anaerobic digestion for sludge stabilization appears
to be cost effective.

Es Sukhneh anf\ I~~~~~~~~lternatives

Es Sukhneh and Ha',;, ...... :iJ, are tne only communities of any significance remaining
undiscussed in ~:bE~ Seil Zarqa drainage. Es Sukhneh lies approximately six
kilometers north anQ west of Zarqa while Hashimiya lies six kilometers north and
east. The Community Sanitation Reconnaissance performed in August and
Septen;;ber of 1980 indicated no existing problems with SUbsurface disposal of
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waste, and none are anticipated in the near future. The populations and potential
wastewater flows for these communities, presuming 100 percent connections, are
presented below:

1979 1990 ZOOO
Flow Flow Flow

Pop'n (m3/day) Pop'n (m3/da'" Pop'n (m3/day)

Sukhneh 4,000 ZOO 6,000 400 8,000 600
Hashimiya 4,000 ZOO 6,000 400 8,000 600

A free trade zone is planned to the east of Hashimiya. This project is planned for
1Z00 net dunums of commercial and 650 net dunums of industrial land. Industries
are to be light and medium including 100 dunums of food processing plants. At
the present time, no development has been started in this area and no firm
schedule for implementation of this plan has Leen established. Substantial
contributions of wastewater may be anticipated particularly from the fooa
processing plants. The best approach is to wait until such time as the plans
become more definite and then consider constructing separate sewage treatment
for this uea or possibly providing a common treatment plant for Hashimiya and
the Hashimiya Free Trade Zone. The only existing major industry is a petroleum
refinery which uses approximately 100 m3/day of water and has its own treatment
plant.

Collection System Alternatives. Both Hashimiya and Sukhneh can be served with
a gravity collection system in town without the need for any pump station. Once
collected, Hashimiya's wastewater may be pumped to either the proposed Zarqa
Ruseifa sewer system or to Sukhneh. From Sukhneh, the combined flows of both
Hashimiya and Sukhneh could be pumped to the Zarqa-Ruseifa Treatment Plant.
Hashimiya is approximatedly 5 kilometers away from and 60 m lower than the
proposed Zarqa-Ruseifa East Side Pumping Station, while Hashimiya is four and
one-half kilometers away and 30 m lower than the high point between it and
Sukhneh. Sukhneh is four and one-half kilometers and 25 m lower than the Zarqa
Ruseifa Treatment Plant. The costs of these various options are presented in
Table 8-6.

The alternative of pumping Hashimiya to Sukhneh and then pumping the combined
flow to the Zarqa-Ruseifa plant has a total annual cost of JD 73,300. Pumping
Sukhneh directly to the treatment plant and Hashimiya to the Zarqa-Ruseifa East
Side Pumping Station has a total annual cost of JD 70,000. Puming the flow from
Hashimiya to the Zarqa-Ruseifa system will affect the sizing of the East Side
Pumping Station and the operating costs. This pump station pumps over the
divide in Zarqa which is an elevation change of 70 meters. The additional cost of
pumping the flow through Zarqa makes the alternative of pumping flow from
Haahimiya to Sukhneh more economical. However, the cost of pumping is high
enough that the alternative that calls for constructing treatment plants at each
community appears to be the most economical. The chosen alternative will
depend to a large extent on the cost of individual treatment plants at Hashimiya
and Sukhneh.
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TAiLE 8-6
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Treatment Facilities Alternatives. Enough flat land is available near both
Hashimiya and Sukhneh to make a total containment lagoon an attractive
alternative. Since both these communities are located in a groundwater
recharged area, a lined lagoon must be pl'ovided. This is particularly important at
Sukhneh where there are some 47 springs. The lagoon system would require some
100 dunums of land for each community. The other treatment alternatives are
conventional activated sludge and extended aeration. A cast comparison is
presented in Table 8-7. Since both treatment plants are the same size, the costs
apply to each community. The lagoons appear to be the most cost effective
alternative.

The annual cost of pumping to the Zarqa-Ruseifa Treatment Plant is estimated to
be JD 13,ZOO. Treatment facilities for both communities would have a combined
annual cost of JD lZI,OOO. If either Hashimiya 01' Sukhneh were to use the Zarqa
Ruseifa Treatment Plant, the community would have to assume a portion of the
debt and the operation and maintenance costs incurred by the communities of
Zarqa and Ruseifa in building the plant. Based on the cost estimate presented in
the Z-R Study, the capacity at the Zarqa-Ruseifa plant is estimated to cost J)) 38
pel" cubic meter capacty per year, which is equivalent to JD 45,600/yr, for the
communities of Sukhneh and Hashimiya. The total of pumping annual costs and
treatment annual costs is JD 119,000/11', and is approximated the same as the cost
for building total containment lagoons at both communities. The actual cost
effective choice will depend on the actual bid price and operating costs of the
Zarqa-Ruseifa Plant. At the time of the plant's construction and initial operation,
the possibilities for serving Hashimiya and Sukhneh must be reevaluated. For the
time being, planning may be based on providing total containment lagoons.

Effluent Disposal. Presuming that total containment lagoons are built, no
effluent will be discharged and no effect will be felt on the Seil Zarqa drainage.

Sludge Disposal. An estimated ten years' of sludge storage will be provided in the
first lagoon by adding additional depth to the bottom. Because the sludge stored
in the bottom of the lagoon undergoes a form of anaerobic digestion, the exact
rate of sludge accumulationn is difficult to predict. When it is determined that
sludge removal is necessary, the lagoon is taken out of service and drained. The
bottom sludge is allowed to dry for a period of time before it is hauled away. The
sludge would be in a fairly stabilized condition and may be spread on land as a
fertilizer and soil conditioner. This issue is discussed in more detail in the Sludge
Management Alternatives section.

ALTERNATIVES FOR THE NORTHWESTERN SUB-BASIN

The communities in this sub-basin drain northerly through wadi um Dananir and
ultimately into King Talal Reservoir. Figure 7-4 depicts the drainage pattern and
the major communities of this sub-basin namely northern sections of Suweileh, the
Baqa'a Camp and Ain el Basha. The community of Safut, although it has a
population of approximately 1,000, lies between Suweileh and Ain el Basha and as
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TABLE 8-7

COST COMPARISON OF TREATMENT PLANT ALTERNATIVES

AT SUKHNEH AND HASHIMIYA

Total
Containment Conventional

Lasoonl Extended Aeration Activated SludS.

Construction Cost 250,000 110,000 240,000

Implementation Cost 125,000 85,000 120,000

Land Cost 100,000 2,000 2,000

Total Project Cost 415,000 251,000 362,000

Equivalent Annual COlt 55,800 30,200 42,500

Annual Operation and
Maintenance COlt 4,100 10,000 10,000

Annual Power COlt 32,000 13,500

Total Annual COlt 60,500 . 72,200 66,000
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such can be easily served. The smaller communities in this area which may
require treatment plants in the long term are Allan, Um Juzeh and Er Rumeimin.
These lie downhill from the major population centers at distance of four to eight
kilometers and have populations of approximately one thousand or less. It is not
judged feasible to plan to serve them at this time. The population and flows of
the remaining communities, presuming 100 percent sewer connections, are
presented below:

1979 1990 ZOOO
Flow Flow Flow

Pop'n (m3/day) Pop'n (m3/day) Pop'n (m3/day)

Baqa'a Camp 45,000 Z,Z50 45,000 Z,700 45,000 3,ZOO

Northern
Suweileh 15,000 750 ZZ,OOO 1,330 30,000 Z,10~

Ain el Basha 3,000 150 4,000 Z40 6,000 360

Safut '1,000 60 1,000 60 Z,OOO Z40

Total 64,000 3,Z10 7Z,000 4,330 83,000 5,900

In addition to these existing communities, a major city is to be built near the
present town of Abu Nusair. Discussions with the engineers7 who are planning
this development revealed that construction of this city should begin in early
1981. The first phase is to consist of Z600 homes and a predicted population of
18,000. By 1990 the population is expected to be 40,000. However, this is
dependent on the implementation of the first phase. The city will provide housing
for low to middle income individuals.

The new city will have its own sewage treatment plant using the activated sludge
process. The plant will be located northeasterly of the city and will be discharged
into the sub-basin adjacent to the Baqa'a Valley. Ultimately flow will drain to
King Talal Dam.

It was determined not practical or cost effective at present to pump the
wastewater fr~m Abu Nusair into a centralized treatment facility serving the
Baqa'a Valley sub-basin. The new city is about 5 km west of the Baqa'a proposed
treatment plant site.

Industrial activity of some magnitude is present in the Ain el Basha industrial
area. Industries include manufacturing of brick, gypsum, marble, paper and
cardboard boxes, and precast concrete elements. Food and poultry feed industries
are also present. A survey of the industries in the area indicated that they are
not "wet" industries and have insignificant amounts of industrial discharge.
Future outlook of industrial planning and activities in the Greater Amman seem to
indicate that the same trend will prevail in the future in this area.
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Collection System Alternatives

In the previous discussion for the AWSA collection system, an evaluation of
pumping the most densely populated area of northern Suweileh to the AWSA
collection system was made. In this section, the collection system will be devised
to collect the major communities by gravity and convey their flows to a common
treatment plant site. The drainage from all these commwlities goes to the Wadi
Um ed Dananir. A gravity trunk sewer layout is presented in Figure 8-3. The
treatment plant site is located at the junction of the Rumeimin Road and the Wadi
Um ed Dananir. A treatment plant constructed at this location can serve the four
communities in this area and provide for future possible development of the
existing open space. There should be at least 300 m separation from the plant
and any urban developments or dwellings in order to guard against odors and other
nuisances.

Treatment Facilities Alternatives

The treatment plant will be discharging to the Wadi Um ed Dananir. This is a
sensitive area because the wadi is used for recreation by the public, particularly
at a waterfall below Rumeimin. This means that high quality effluent must
ultimately be provide~'. The requirements for discharge to such a sensitive area
delete the low technoJogy alternative of lagoons where a discharge may occur.
Total containment lagoons would be required, and would have to be lined as there
is continuity between the surface water and groundwater. The surface area of the
total containment lagoons would have to be over 85 hectares to evaporate all of
the wastewater. This much land would cost approximately JD 6.8 million in the
Baqa'a Valley, which is excessively high.

As a result, total containment lagoons cannot be considered a viable alternative
and will not be discussed further.

The high technology alternatives are: trickling filters; roughing filters followed by
activated sludge; conventional activated sludge; and extp.nded aeration.

Trickling filters will produce a high quality effluent under average conditions
during the year, but the treatment efficiency is markedly affected by the cooler
temperatures during the mild local winter. It is anticipated that during the
months of December, January and February the treatment plant effluent BODS
would be in the range of 150 to ZOO mg/l with comparable suspended solids. Since
no large, continuous winter flows are anticipated in this wadi, the treatment plant
effluent will still be almost the entire flow. Because of this, effluent of this I
quality is not acceptable. '..1:

'~~

The treatment process of roughing filters followed by activated sludge has already
been found to be an uneconomical option in the analysis of the AGTP, and will not
be considered further.

The remaining treatment plant options are conventional activated sludged and
extended aeration. A comparison of their costs at year ZOOO flows is presented
below:
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Conventional
Extended Activated
Aeration Sludge

Construction Cost 1,400,000 Z,300,000
Implementation Cost 700,000 1,150,000

Total Project Cost Z,100,000 3,450,000

Equivalent AMual Project
Cost Z47,000 405,000

Annual 08cM Cost 34,000 34,000
Annual Power Cost 300,000 130,000

Total Annual Cost 581,000 569,000

Conventional activated sludge appears to be the propel' treatment alternative fo'r
this plant.

Effluent Disposal

The initial proposal for effluent disposal is to drain to the Wadi Um ed ·Dananir.
The need for high quality effluent is readily apparent and has already been
discussed. Potential use of the effluent is for irrigation purposes on the farms of
the Baqa'a Vl:&Jley. In 1990 there would be enough flow to irrigate 116 hectares,
presuming 100% sewer connections. This will require effluent filtration as has
already been discussed in this Chapter.

Sludge Disposal

The methods for disposing of sludge inclusive of the possibility of benefici81reuse
are discussed in great detail in the Sludge Management Alternatives section as
part of a regional plan. The quantities of sludge produced for the chosen
alternative, presuming 100 percent connections, are presented below:

1990

ZOOO

Dry Weight
(kg/day)

4140

5550
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SlUdge Production
Wet Volume

(m3/day

138

185

Dry Volume
(m3/day)

10.4
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ALTERNATIVES FOR THE WESTERN SUB-BASIN

The Western sub-basin contains the major communities of Salt, Fuheis and Mabis
and other smaller communities such as Ira and Yarqa. This area drains to the
Jordan River, as shown in Figure 7-4. Salt is already served by its own
wastewater treatment plant. This plant has been evaluated in Chapter 6 and will
be further evaluated in terms of future flows and loadings in a separate portion of
this section. The centers of the communities of Fuheis and Mahis are located
within 3 kilometers of each other, with the borders of the communities
substantially closer. Yarqa is located approximately seven kilometers west of
Mallis with one intervening wadi. Ira is located approximately nine kilometers
west of Mahis with two intervenbg wadis. Both Yarqa and Ira are clearly too
distant to be brought into a common wastewater treatment plant with either
Fuheis or Mahis. As their populations are small, with Yarqa's current population
at ZOOO and Ira's population at 1000, they will be eliminated from further
discussion. A treatment plant would be a very long range option for either of
these communities.

Salt

At Salt, the major industrial contributor is the Arab Pharmaceutical
Manufacturing Co., Ltd. The company manufactures a broad range of antibiotics,
other drugs, and vitamins. All portions of the plant are directly connected to the
city sewer with no allowance for pre-treatment of effluent. The average water
consumption is 50 m3/day. The flow is insignificant as compared to the c=t.pacity
of the Salt Wastewater Treatment Plant. The contribution of rejected medicines
does not appear to have any effect on tbe treatment plant as it is operating
properly.

The populations and potential sewage flows for Salt are presented below:

1979
Flow

Pop'n (m3/day)

1990
Flow

Pop'n (m3/day)

ZOOO
Flow

Pop'n (m3/day)

Salt 33,000 Z,lOO 47,000 3,500 66,000 5,600

This table presumes 100 percent of the population is connected.

Salt is already provided with a treatment plant and a partially completed
collection system. The city indicates that the collection system will be
completed within the next few years. The treatment !Ilant is an extended
aeration plant which will require an additional secondary sedimentation tank as a
reliability measure at the present and to meet the needs of the year ZOOO. The
plant is adequate to meet the needs of the community up to the year 1990 and
beyond. A detailed discussion of the Salt sewerage facilities is included b
Chapter 6.
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Fuheis and Mahis

The principal industrial activity at Fuheis is a portland cement plant located
within the town limits. Town residents have complained that the cement plant
was polluting the town water supply with its discharges. This situation was
recently corrected when the cement plant installed a wastewater treatment plant
w:1ich completely recycles the effluent for use in its manufacturing.

The populations and potential sewage flows for the cities of Fuheis and Mahis are
presented below:

1979 1990 ZOOO
Flow Flow Flow

Pop'n (m3/day) PopIn (m3/day) Pop'n (m3/day)

Fuheis 5,000 Z50 7,000 400 10,000 700
Mahis 4,000 ZOO 6,000 400 8,000 600

Total 9,000 450 13,000 800 18,000 1,300

This table presumes 100 percent of the population is connected. The actual
fraction of the population connected will be discussed in Chapter 9 for these
communities.

Collection SystelD Alternatives. Fuheis and Mahis are separated communities and
each will have its own collection system, Figure 8-10. As part of the
collection/treatment alternatives, a comparison will be made between providing
one plant to serve both communities versus separate plants to serve each
community. The former alternative would entail pumping from Mahis to Fuheis.
As the basic collection system is the same for each community, the cost of
pumping is an incremental cost addition to the joint treatment alternative. Since
the static lift is about 50 meters, two pumping stations will be required. The
force main would be 150 mm steel pipe. The costs are presented below:

Construction Cost
Implementation Cost
Total Project Cost
Equivalent Annual Project Cost
Annual Operation & Mainentance Cost
Annual Power Cost
Total Annual Cost

Pump Stations

46,000
Z3,OOO
69,000
8,100
1,400
5,400

14,900

Pipeline

10,100
5,100

15, ZOO
1,800

1,800

Note: It is presumed that the pipeline will be installed above ground.
The operation and maintenance of the pipeline is included in the pump
station operation and maintenance.
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The collection system alternatives will be further evaluated as part of the
overall treatm ent al ternativeSt

Treatment Facilities Alternatives. Due to the continuity between the surface and
the groundwater, a lined facultative lagoon will be necessary in this area. The
effluen/~ from a treatment plant at Fuheis or Mahis will discharge to a wadi where
it is likely that the water will be used by the public. Such restrictions require
either a total containment lagoon or a high quality effluent for which the process
of extended aeration or conventional activated sludge are appropriate.

A total containment lagoon to serve both communities would require ZOO dunums
of area. This is too much land to use in an area where flat land is scarce. The
treatment plant site cannot accommodate such a system. As a result, a total
containm ent lagoon cannot be considered as a viable alternate and will not be
analyzed further.

The following discussion involves the choice between extended aeration vs
conventional activated sludge and between separate vs joint treatment facilities
for the two communities.

The cost of a treatment plant at Fuheis serving both communities at the year
ZOOO combined flow of 1400 m3/day is presented in the following table:

Conventional
Extended Aeration Activated Sludge

Construction Cost
Implementation Cost

Total Project Cost

Equivalent Annual Project Cost
Annual Operation and Maintenance Costs
Annual Power Cost

Total Annual Cost

380,000
190,000

570,000

67,000
10:600
65,000

14Z,800

540,000
Z70,000

810,000

95,ZOO
10,800
Z8,000

134,000

The choice for a separate plant at Fuheis for the year ZOOO flows again lies
between extended aeration and conve~tional activated sludge. The costs are
presented below:
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WASTEWATER COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES

Conventional
Extended Aeration Activated Sludge

Construction Cost
Implementation Cost

Total Project Cost

Equivalent Annual Proj ect Cost
Annual Operation & Maintenance Costs
Annual Power Cost

Total Annual Cost

Z50,000
lZ5,OOO

375,000

44,000
10,300
49,000

103,300

310,000
155,000

465,000

54,600
10,300
Zl,OOO

85,900

Note: Power costs are escalated relative to other annual costs.
Conventional activated sludge appears to be the economic choice.

For Mabis, at a year ZOOO flow of 600 m3/day, the choice still lies between
conventional activated sludge and extended aeration. This is presented below:

. Convent~-lnal
Extended Aeration Activated Sludge

Construction Cost
Implementation Cost

Total Project Cost

Equivalent Annual Project Cost
Annual Operation & Maintenance Costs
Annual Power Cost

Total Annual Cost

170,000
85,000

Z55,000

Z9,960
10,000
3Z,OOO

71,960

Z40,000
1Z0,OOO

360,000

4Z,300
10,000
13,000

65,300

The apparent cost effective choice at Mabis is conventional activated sludge. The
combined annual cost of the two treatment plants is JD 151,ZOO. This compares
to a cost for one treatment plant and pumping system of JD 150,700. This
difference in cost is insignificant.

Given a choice like this, one larger treatm ent facili ty has generally been found to
produce a more uniform and high-quality effluent than two smaller facilities.
Also, the administration of one plant, whether by the cities or an overall agency,
is easier. Therefore, the recommended alternative is to treat wastewater from
both communities at one treatment plant located at Fuheis. The cost comparison
between extended aeration and conventional activated sludge is so close that the
advantages of the former treatment process favors its adoption and
recommendation.
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Effluent Disposal. The effluent from the treatment plant at Fuheis will dl'ain to
the Wadi ez Zeitun which is an upper tributary of the Wadi Shu'eib. Opportunities
exist for effluent reuse for agricultural purposes along the drainage. Substantial
opportunities for public contact also exist in this water scarce area. Therefore,
as in many other cases, effluent filtration will be required in the long term. This
has already been discussed at some length in Chapters 7 and 8, ari will not be
repeated here.

Sludge Disposal. The methods for disposing of sludge, including possible beneficial
reuse, are discussed in great detail in the Sludge Management Alternatives section
as part of a regional plan. The quantities of sludge which will be produced for the
chosen alternative, presuming 100 percent connections, are presented below:

Sludge Production
Dry Weight Wet Volume Dry Volume

Year (kg/day) (m3/day \m3/day)

1990 75Z Z5 1.9

zooo 1ZZZ 41 3.0

ALTERNA~SFORSOUTHWESTERNSU~BAsm

The major communities lying within the Southwestern Sub-basin are the lower
portion of Wadi es Sir and Na'ur. Communities with populations lying between
1,000 and 3,000 are Hisban, EI Bassa, and Iraq al Amir. The Southwestern Sub
basin drains to the Jordan River by way of the Wadi Kafrein, Wadi Hisban and
their tributaries, as shown on Figure 7-4.

Hisban is isolated from either major population centers, and does not have a water
distribution system at the present time. Little growth is expected to take place
in Hisban and will likely remain a small rural community. The field survey
conducted in the course of this study covered Hisban and indicated that there is
little potential for cesspool associated problems in this community.

EI Bassa and Iraq al Amir lie relatively close to Wadi es Sir with EI Bassa being
four kilometers away and Iraq al Amir seven kilometers. Both communities lie
downhill from lower Wadi es Sir along the Wadi. The present population of each
community is estimated to be approximately 1000 persons, expected to grow to a
population of ZOOO by the year ZOOO. At the present time neither community is
served by a water distribution system, and no immediate plans are in the works to
provide such service to either town. Both communities are rather small farming
communities and are anticipated to remain so throughout the Study Period. As a
result, any sewage collection and treatment facilities are long-term possibilities.
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Na'ur

Na'ur is one of the larger communities in this sub-basin. Contributory populations
and flows, presuming 100% connections, are:

1979
Flow

Pop'n (m3/day)

1990
Flow

Pop'n (m3/day)

ZOOO
Flow

Pop'n (m3/day)

Na'lli' 5,000 300 7,000 400 10,000 600

The town of Na'lli' can be completely served by a gravity collection sy~tem. No
pumping is required. As can be seen in Figure 8-4, the terrain is rather steep and
drains northwesterly to Wadi Na'ur. The community is located far enou.~h from
other communities in the Study Area to warrant consideration of a joint
treatment plant. A site option for the treatment plant was selected in a flat area
in the proximity of town. .

Treatment Facilities Alternatives. Na'lli' is located in a groundwater recharge
area, and is also located in an area where a substantial opportunity lor public
contact exists. These facts must be taken into account when considering
treatment alternatives.

The low technology treatment alternative is a total containmednt lagoon facility
in which evaporation from the lagoon would preclude any discharge from
occurring.

Based on climatic data from the Amman Airport, the required lagoon area is
estimated to be 89 dunums. Due to the continuity of the surface water and
groundwater, the lagoon would have to be lined with an impervious lineI'. Field
inspection of potential treatment plant sites did not reveal enough flat land for a
lagoon site, as can be seen in Figure 8-4, so this alternative was deleted from
further consideration. The remaining treatment alternatives considered were
conventional activated sludge and extended aeration. A cost comparison is
presented below:

Conventional
. Extended Aeration Activated Sludge

Construction Cost
In1plementation Cost

Total Project Cost

Equivalent Annual Project Cost
Annual Operation & Maintenance Costs
Annual Power Cost

Total Annual Cost
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195,000
97,500

Z9Z,500

34,370
10,ZOO
35,000

79,570

3Z0,000
160,000

480,000

56,400
10,ZOO
15,000

81,600
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The cost appear to be the same for both treatment alternatives. However,
considering the advantages of the extended aeration alternative in terms of less
requirement for operation and maintenance, it was selected as the treatment
process for the Nalur treat~ent facilities.

Effluent Disposal. The effluent will drain to Wadi Na'ur which is an upper
tributary of Wadi Kafrein. As elsewhere in the Study Area, the possibilities exist
for the reuse of effluent for agricultural purposes along the Wadi. Public
exposure to the effluent is a potential risk also. Therefore, effluent filtration will
be required in the long term as has been discussed previously.

Sludge Disposal. The methods for disposing of sludge including the possibility of
beneficial use are discussed in great detail in the Sludge Management Alternatives
section as part of a regional plan.

•The quantities of sludge which will be produced for the chosen alternative, I
presuming 100 percent connections, are presented below:

•
Year

1990
ZOOO

Lower Wadi es Sir

Dry Weight
(kg/day)

376
564

Sludge Production
Wet Volume

(m3/day

30
45

Dry Volume
(m3/day)

0.75
1.4

Collection System Alternatives. The collection system for lower Wadi es Sir may
be found in Figure 8-1. As part of the AWSA collection system alternatives, the
possibility of pumping lower Wadi es Sir to the AWSA system was evaluted and
was found to be excessively expensive. The drainage pattern of lower Wadi es Sir
allows the whole area to be served by a gravity collection system to be selected
wastewater treatment site. The site is on a fairly flat land large enough to
accommodate a conventional treatment plant.

Contributory populations and flows, assuming 100 percent connections, for lower
Wadi es Sir, are presented below:

1979 1990 ZOOO
Flow Flow Flow

Pop'n (m3/day) Pop'n (m3/day) Pop'n (m3/day)

Lower Wadi
Es Sir 9,ZOO 600 14,300 1,100 Zl,ZOO 1,800
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Treatment Facilities Alternatives. The effluent from the treatment plant will
drain to the Wadi es Sir where it may be used for irrigation. The effluent from
such a plant will have to be of high quality ultimately, requiring effluent filtration
to meet the effluent quality requireme".t for such uses. As in prior discussions of
other communities, the alternatives are limited to a total containment lagoon,
conventional activated sludge, or extended aeration.

A total containment lagoon will require an area of Z7 ha by the year ZOOO. Such
high requirement for relatively flat land can not be met, and the total
containment lagoon alternative will not be considered further. The costs for the
remaining options are presented below:

Conventional
Extended Aeration Activated Sludge

Construction Cost
Implementation Cost

Total Project Cost

Equivalent Annual Project Cost
Annual Operation Be Maintenance Cost
Annual Power Cost

Total Annual Cost

480,000
Z40,OOO

7Z0,000

84,600
11,000
80,000

175,000

670,000
335,000

1,005,000

118,090
11,000
34,000

163,090

Once again the costs are essentially identical, i.e., within the norm al range of
accuracy of such estimates. Therefore, since the extended aeration process
requires less skilled operator attention it is the recommended treatment system
for lower Wadi es Sir.

Sludge Disposal. The methods for disposing of sludge, including the possibility of
beneficial use, are discussed in great detail as part of a regional plan in the Sludge
Managment Alternatives section. The quantities of sludge which will be produced
for the chosen alternative, presuming 100 percent connections, are presented
below.

Sludge Management
Dry Weight Wet Volume Dry Volume

Year (kg/day) (m3/day (m3/day)

1990 1030 ZO.7 Z.6

ZOOO 1690 34 4.Z
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ALTERNATIVES FOR SOUTHERN SUB-BASIN

The drainage in the Southern Sub-Basin goes through a series of wadis directly to
the Dead Sea and as such has no effect on the King Talal Reservoir, as can be
seen in Figures 8-11 and 8-1Z. The existing communities that will be studied in
this area are Madaba, Sahab, Abu Alanda, Khirbet es Suq and Juweideh. Madaba
is part of a separate report and is therefore outside the scope of this report.

A susbstantial amount of development is planned or underway in this sub-basin.
This development is anticipated to result in major concentrations of populations
where presently there are none. Under construction at this time are both the
Queen Alia Airport and the Sahab Industrial City. Each of these facilities plans to
install its own sewage treatment plant as part of the development. Consultations
with the engineers at the Queen Alia Airport have revealed that a package
treatment plant utilizing extended aeration will be provided to serve the airport.S
Sludge drying beds are to be provided to dewater the sludge. The design
parameters for the plant are:

~

Flow
BOD5 Loading
BOD5 Removal

Design Figure

1890 m3/day
75S kg/day

90 percent

The Sahab Industrial City will have a treatment plant that will be capable of
treating a population equivalent of 10,000 people as part of the phase I project
(l9S0-19SZ) and will be expanded in phase D (1983-1987) to serve an additional
10,000 people.

Construction. of Queen Alia Airport and Sahab Industrial City is expected to
create a new city between Sahab and the Queen Alia Airport known as the
Sahab/Airport City. People working in the Sahab Industrial City and a portion of
those working at the Queen Alia Airport will most likely live in this area. At the
present time the area is sparsely populated and the new city must be completely
constructed.

The Queen Alia Airport is expected to create a new population center known as
Airport City which will absorb the present town of Jiza. At the present time Jiza
is a small, scattered community with a population of only 700.

Since no development has as yet occurred at either Sahab/Airport City or Airport
City, planning of wastewater collection and treatment should wait until
development actually begins. Sahab/Airport City would have its own treatment
plant while a plant located at Airport City would also be able to serve Jiza and
Talbiya Camp. Ultimately, the treatment plant at the Queen Alia Airport could
be abandoned and on- centralized plant constructed for that area to treat
wastewater from the airport and Airport City. Because wastewater collection
and treatment facilities are included in the plans for Sahab/Airport City and
Airport City, this study will only consider collection and treatment facilities for
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the existing ci ties of Sahab, Abu Alanda, Khirbet es Suq and Juweideh.

Sahab

Sahab is a community of approximately 1Z,000 people located 10 kilometers
southeast of Amman. Like all of the outlying communities, Sahab relies on septic
tank systems for wastewater treatment and disposal, and the present conditions
apparently favor this system. The Community Sanitation Reconnaissance, which
was carried out in August and September of 1980 and is summarized in Appendix
E, indicated that the soil conditions are not a limiting factor; cesspools overflow
only infrequently; most of the cesspools are pumped out at a greater than annual
frequency; and the cost of pumpout is in the range of °to 10 JD per year. In
addition, the community is situated on the edge of the shallow aquifer recharge
area, with the drainage apparently falling away from the aquifer and toward the
Dead Sea. Thus, the septage has little or no impact OD groundwater quality.

Sahab is felt to be a growth area because of its proximity to Amman and to the
planned industrial city that is to be built directly adjacent to Sahab. The
population of this community is projected to grow to 17,000 by 1990 and Z4,000 by
the year ZOOO as the result of the activity that is occurring in the area. Although
the new city of Sahab/Airport City is expected to absorb the major growth of the
area during the Study Period, initial growth should occur in the present city of
Sahab untU the new city is constructed. The construction is not expected to be
completed before the latter part of the 1980's. Because of this growth, the
cesspool systems will become more and more inadequate and will ultimately have
to be replaced by centralized wa3twater collection and treatment facilities.

Collection System Alternatives. The topography of Sahab divides the community
into two small drainage areas each draining to a separate wadi. Both wadis drain
in a southerly direction and join together approximately 5 kilometers south of
Sahab. Gravity collection systems would naturally have to follow the two
drainages, with the easterly drainage collecting wastewater from approximately
65 percent of the residents and the westerly drainage collecting from the
remaining 35 percent., Two alternative collection system configurations appear
feasible for Sahab:

o Install gravity trunk sewer down each wadi to confluence.
o Pump wastewater from the smaller drainage to the larger one.

A plan of the two alternatives is shown on Figure 8-11. The difference between
the two altern[~tives is that the gravity trunk sewer alternative would pick up the
small community of Rujm es Shami (projected year ZOOO population of 3,000)
while the pumping alternative would add a pump station and approximately 1
kilometer of force main but would eliminate the need for approximately 4.5
kilometers of gravity trunk sewer in each wadi, for a total of 9 kilometers.

Using a year ZOOO wastewater flow rate of 70 lcd, the average day design flow for
Sahab is 1,680 cubic meters per day or ZO liters per second. Using a peaking
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factor of 2,.75, the peak design flow is 55.0 liters per second. The easterly
drainage would contribute 65 percent or 36.0 litres per second and the westerly
drainage would contribute the remaining 19.0 litres per second. Assuming a
minimum slope of 7 mm/m, the easterly gravity trunk sewer would need to be 300
mm in diameter and the westerly would be 2.00 mm. At a unit cost of JD 2,6 per
meter for 2.00 mm pipe and JD 34 per meter (or 300 mm pipe, the total
construction cost of the gravity trunk sewers for the first alternative would be JD
2,70,000.

The puming alternative calls for a pump station that would be capable of pumping
19.0 litres per second against a total head of approximately 15 meters and through
a 150 mm force main 1 kilometer in length. The size of the pump that would be
needed to accomplish this would be 5 kw. Estimated construction costs for a
pump station of this capacity is JD 15,000 and for the force main is JD 2.2.,000 fOl
a total construction cost of JD 37,000. Power and operation and maintenance
costs must also be included because a pump station and force main generally
require more attention than does a gravity sewer. These costs total
approximately JD 8,000 per year which, at a capital recovery rate of 10 perce~t

over 2.0 years, equals a present worth of JD 68,000. Thus, the total present v.orth
of the pump station and force main is JD 105,000. Comparing this cost tc chat of
the gravity tl'unk sewer, the pump station and force main alternative would sAve
JD 165,000 and is clearly the better alternative for Sabab.

Treatment Facilities Alternatives. As the proposed treatment plant lies outside
the grolU1dwater recharge area and no continuity exists between the surface and
the groundwater, unlined facultative lagoons can be used for wastewater
treatment at Sabab. The land is very cheap at appoximately JD l/m2. and is
relatively flat. Treatment would be accomplished using total containment lagoons
with evaporation as a means for disposal so that there would be no effluent.
Alternatives to a total containment lagoon would be either a conventional
activated sludge plant or an extended aeration plant. It is clear that a total
containment lagoon is the cost effective alternative.

Effluent Disposal. Total containment lagoons do not discharge any effluent. It is
lost to evaporation and percolation. Some of the effluent could be used for green
belt irrigation, as long as such practice does not become a public health hazard.
Multi-cell ponds with a total retention time of 60 to 100 days can reduce fecal
coliforms to levels obtained by conventional secondary treatment. To reduce the
coliform concentration further, a high dose of chlorine would be required due to
the presence of algae in the effluent. Upgrading the effluent quality by algae
removal is possible through the use of fUtration or air flotation thickeners.
However, the use of such upgrading techniques defeats the cost effectiveness of
the lagoons.

Sludge Disposal. The first lagoon i~ the plant would be designed with additional
depth to allow for storing the solids that settle out in the raw sewage. The sludge
stored in the bottom of the lagoon undergoes a form of anaerobic digestion. The
rate of sludge accumulation is difficult to predict. Once the sludge has
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TABLE 1-8

SAIIAI TREATMENT ALTERNATIVES COMPARISON.
Ixt.nd.d

Unlin.d L.loon A.r.tion

Conltruction COlt 230,000 450,000

L.nd COlt 400,000 6,000

Impl.mentation COlt 115,000 225,000

Total Proj.ct Coat 745,000 681,'000

Equiva1.nt Annual Proj.ct COlt 87,540 80,000

Annual Op.ration and
Maint.nanc. Coat 5,000 11,000

Annual Pow.r COlt n.,liaibl. 80,000

Total Annual ProJ.ct COlt 92,540 171,000

Conv.ntiona1
Activated Slud••

650,000

, 6,000

325,000

981,000

115,300

11,000

34,000

160,300
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accumulated to a predetermined level, the lagoon is drained out and the sludge is
allowed to dry before it is hauled away for land application or to a landfill site.

Abu Alanda, Khirbet es SUq and Juweideh

These three communities are located within two kilometers of each other with
Juweideh approximately 1 kilometers south of Amman (Figure 8-1Z). The
population and potential wastewater flows for these communities, presuming 100
percent connections are:

1919 1990 ZOOO
Flow Flow Flow

Community Popln (m3/day) Popln (m3/day) Popln (m3/day)

Abu Alanda 4,000 ZOO 6,000 360 8,000 560
Khirbet es Suq 4,000 ZOO 5,000 300 1,000 490
Juweideh 3,000 150 4,000 ~ 6,000 4Z0'

Total 11 ,000 550 15,000 900 Zl,OOO 1,410

Collection System Alternatives. Juweideh and Khirbet es Suq share a common
drainage to the Wadi el Marashida. All of Juweideh can be serve! with a gravity
sewer collection system. All of the Khirbet es Suq except a small portion to the
south can also be served by a gravity collection system. The borders of these
commlmities overlap each other and can easily be served by one wastewater
treatment plant. This is considered as the appropriate collection system as very
Iittle pumping is required.

Abu Alanda drains to the tributary of the Wadi a1 Quain which is separate bom
the drainage of Juweideh and Khribet es Suq. One alternative would call for a
gravity collection system and a separate treatment plant to serve Abu Alanda
alone. A second alternative available for Abu Alanda is to pump the wastewater
flow over a 10 meter lift and into an interceptor sewer draining to the Juweideh
collection system. Because the cost of the collection system is common to the
separate treatment plant alternative for Abu Alanda and pumping to the Juweideh
system, a comparison may be made between the combined cost of the pump
station, force main, and interceptor sewer, and incremental treatment cdt at
Juweideh and the cost of a separate treatment facility for Abu Alanda.

The costs of the pump station, force main and interceptor are presented below:

~

Pump Station Construction Cost
Force Main Construction Cost
Interceptor Construction Cost
Total Construction Cost
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Item

Implementation Cost
Total Project Cost
Equivalent Annual Project Cost
Annual Operation 8c Maintenance Cost
Annual Power Cost
Total Annual Cost

Cost (JD)

60,320
180,960

21,260
700
820

2Z,780

This cost must be compared to the cost of the separate treatment system which is
discussed in the next section.

Treatment Alternatives. Two collection treatment alternatives were proposed in
the previous section fol,· the three communities: One calls for serving Abu Alanda
independently frOID KhI'ibet es Suq and Juweidch; and the other alternative call,S
for pumpiq the now from Abu Alanda to Juweideh where the combined flow from
the three communities would be treated at one treatment plant. The cost of two
separate facili ties will be compared with the cost of pumping Abu Alanda plus the
cost of a central facility in order to develop the more cost effective alternative
f or this area.

Abu Alanda lies at the edge of but apparently within the groundwater recharge
area surrounding Amman. Thus the treatment alternatives 'available are lined
total containment lagoons, conventional activated sludge, and extended aeration
activated sludge. Costs for these alternative systems are presented in Table 8-9.
The cost effl!ctive treatment plant for Abu Alanda appears to be the total
containm ent lagoons.

A treatment plant to serve the communities of Khirbet el Suq and Juv,;'eideh will
be located outside the groundwater recharge area for Greater Amman, so the
potential treatment alternatives are unlined total containment lqoons, extended
aeration, and conventional activated sludge. The COlts for thele alternatives are
presented in Table 8-10. Once again the total containment lagoon appears to be
the cost effective alternative.

The final alternative treatment system to be considered il one that will serve all
three communities. Because total containment lagoons have already been found
to be the cost effective alternative for the separate facilities at Abu Alanda and
at Khirbet es Suq and Juweideh, only this treatment alternative has been
evaluated and the costs are presented in the following table:
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TABLB 8-9

ABU ALANDA TREATMENT
ALTERNATIVBS COMPARISON

Total
Contain_nt Extended Conventional

.ll!.!! La,oon Aeration Activated Slud,e

Conltruction COlt 240,000 . 170,000 270,000
Impl.mentation COlt 120,000 85,000 135,000

Total Project COlt 360,000 255,000 405,000

I Equivalent Annual
Project COlt 42,300 29,962 4.7,577

Annual Operation and
Maintenance COlt 4,600 10,000 10,000

Annual Power COlt 28,980 12,600

Total Annual COlt 46,900 68,942 70,188
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TAILE 8-10

KRIRIET ES SUQ
AND JUWEIDEH

TREATMENT ALtERNATIVES COMPARISON

Total
Containment Extended Conventional

!!.!!! La,oon Aeration Activated Slud,e

Conltruction COlt 165,000 270,000 400,000

Implementation COlt 82,500 135,000 200,000

Total Project COlt 247,500 405,000 600,000

Equivalent Annual
Projec.t COlt 29,100 47,600 70,500

Annual Operation and
Maintenance COlt 5,100 10,aoo 10,2OP

Annual Power COlt 46,000 19,800

Total Annual COlt 34,200 103,800 100,500
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Construction Cost
Implementation Cost
Total Project Cost
Equivalent Annual Project Cost
Annual Operation r.md Maintenance Cost
Annual Power Cost
Total Annual Cost

Cost (JD)

190,000
95,000

Z85,000
33,500
5,800

39,300

The comparison for treatment alternatives lies between separate facilities at
Khirbet es Suq/Juweideh and Abu Alanda and a combined treatment plant for all
three communities at Khirbet es Suq. Lined lagoons will be required at Abu
Alanda wbUe unlined lagooDs can be constructed at Khirbet es Suq because of the
differences in groundwater characteristics.

The total annual cost for separate plants at Khirbet es Suq/Juweideh and Abu
Alc...1Uii. ;s JD 81,100, while the total annual cost for a treatment ph\nt serving all
three conImunities, including the cost of the pump station, fo~ce main, and
interceptol is JD 6Z,080. Therefore, the most cost effective alternative appears
to be a cer..tral facility serving all three communities and utilizing unlined total
containmen1: lagoons.

Effluent Disposal. As with Sabab, the total containment lagoons will not produce
any effluent because all of the wastewater will be lost through evaporation. Some
of the lagoon wastewater could also be used to maintain a green belt around the
treatm ent plant as long as the irrigation method was carefully controlled and
managed to preclude human contact.

Sludge Disposal. As discussed earlier, sludge handling/disposal is not a daily
operation with such a treatment system. The wastewater solids settle out in the
fint of the mul ticell lagoons system and undergoes anaerobic digestion. Sludge
accumulation over the year is hauled away after the lagoon is drained out and the
sludge is allowed to dry.

SLUDGE MANAGEMENT ALTERNATIVES

A comprehensive sludge management program is an integral part of any
wastewater tl'eatment plant operation. In the past, emphasis has been placed on
the quality of the effluent that is discharged from a facility, while little or no
consideration has been given to the treatment and disposal of sludges. This trend
is gradually being reversed because of the increasing awareness that the bulk of
the pathogens, heavy metals and other toxic substances that reach a treatment
plant settle out in the sludge. Proper treatment and disposal of wastewater
treatment plant sludges is therefore essential if the public health and environment
is to be protected.
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This section of the Master Plan outlines standards and objectives toward which
sludge management programs in the Greater Amman Area should be directed, and
presents discussions of management alternatives for each area studied in the
previous sections of this Chapter. After thorough analysis, the best alternative
for each area is selected for further consideration in Chapter 9.

STANDARDS AND OBJECTIVES

Throughout this discussion, reference will be made to the United States EPA
document "Mwlicipal Sludge Management: Environmental Factors"9 and the State
of California Department of Health document 10 pertaining to sludge disposal.
Both of these documents are concemed with the health effects of sludge disposal
and recommend procedures for dealing with them. The document from the State
of Califomia is one of the most stringent in controlling matters of environmental
heal th, and is useful as a standard in determining how careful a government
agency can choose to be.

The 1977 EPA 't'equirements for Municipal Sludge Management set the minimum
level of sludge stabilization to that achieved by anaerobic digestion. Thil concept
was adopted in this Master Plan and used as the minimum standud of treatment
to be considered since a substantial reduction in pathogens, odors and volatile
solids is accomplished by this process 01' its equivalent. Beyond sludge
stabilization, the choices in sludge processing are a function of easy handling,
economics, and ultimate disposal.

Municipal wastewater sludges are rich in organic matter. When properly digested
01' otherwise stabilized under controlled conditioDS, the residual material can be
of value as a soil conditioner and, in some respects, as a fertilizer. An obvious
objective in sludge management, therefore, would be to maximize the beneficial
use (sometimes referred to herein as "reuse") of the sludge to promote soil
stabilization and enhance soil productivity. In so doing, it is implicit that the
environment would have to be protected.

Digested sludge is in the form of a liquid suspension. Inasmuch as another obvious
objective of sludge management would be to minimize costs of transporting the
digested sludge from the points of production to the points of beneficial use
and/or disposal, careful study must be given to the best means of such
transportation and whether 01' not dewatering is preferable to liquid transport.

SLUDGE CHARACTERISTICS

Appendix K presents selected data and discussion on sludge chuacteristics. This
includes information obtained on digested sludge from the Salt Treatment Plant
and for the AGTP. The limited information available suggests that the
characteristics are norm al for municipal sludges and show no undue presence of
industrial wastes materials so far. It would be helpful for more extended sampling
and analyses to be undertaken in the future as a means of augmenting the existi,ng
information. It is important to have adequate data of this nature so that disprJsal
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and beneficial use applications can be developed.

CURRENT PRACTICES IN SLUDGE MANAGEMENT

At present, the sludge produced at the AGTP is anaerobically digested. The
digested sludge is dewatered to about ZO percent solids on open drying beds,
before it is disposed of to a landfill. The AGTP dried sludge is used at times in
the Jordan Valley for fertilizer and soil conditioner applications in selected areas
such as citrus groves. The bulk of the digested sludge, normally at least 80
percent dry basis, is hauled by tanker truck to the Amman Municipality Dump for
disposal.

For Salt, the bed-dried sludge is primarily stockpiled on the premises, but
consideration is being given to the possibility of using it for nurseries and possibly
for farm crops, pending Ministry of Health approval. The plant has been in
operation less than one year.

For KHMC, the sludge is stockpiled and has not been used 01' disposed of as yet.

APPROACH TO SLUDGE MANAGEMENT

The paramount consideration in sludge management is the protection of the ptlblic
health. Operations involved in digested sludge management are dewatering,
further conditioning, transportation, disposal, and beneficial use. These
considerations hold for all plants, regardless of size. However, because of the
magnitudes of sludge involved in large plants, the concerns are often greater than
for small plants in regards to such matters.

The main concern in sludge management programs is the possible release of
harmful substances into the terrestrial and aquatic environment through improper
sludge practices. As a minimum, public health protection requires the monitoring
of sludge periodically (on at least a monthly basis) to determine the
concentrations of heavy metals or other trace substances which may have harmful
effects. Where sludge is to be applied to land at greater than agricultural rates,
effects upon groundwater are a major consideration. A review of the existing
information and investigation of groundwater conditions for proposed 01' existing
sites is a necessity. Attention must be paid to the site geology and soU physical
properties to avoid areas underlain by highly porous, fractured, 01' stratified
form ations. Where surface water runoff may enter or leave the disposal si te, the
amounts and ultimate disposal of runoff must be controlled by proper grading.

Where soils receive sludge for agricultural purposes, the soil must be treated for
phosphorous, pH, potassium, and heavy metals. Crops vary in their reaction to
sludge-conditioned soils. Most benefit from the nutrients and organic matter in
the sludge, but some crops may take up certain trace elements which will limit
the use of harvested materials particularly when they are part of the human food
chain. Where the sludge can be used for forestation and reclamation projects, the
soil fertility can be improved without significant risk to public health. These uses
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still must meet the need for control of impacts on groundwater, surface water and
air.

At the present time digested sludge can be applied directly to agricultural land in
most of the United States. The State of CalifornialO has more stringent
regulations which require that sludge be dewatered and composted (with the
alternative of long-term storage or other techniques) to achieve additional
bacterial, viral, and parasite reduction.

The extent of possible heal th hazards from the use of sludge on croplands is still
not defined. Rather, it is a matter of ongoing study. Recommendations for study
are developed under the subsequent discussion on various sludge management
operations.

Sludge Dewatering

Normally, open drying beds equipped with underdrains are employed at smail
plants. The underdrainage is returned to the process stream for treatment. In
cold, wet climates, the beds often ~ust be enclosed in "greenhouses," but in
Jordan, fhis would not be requiTfJd. Open drying beds are not suitable for large
plants because of the extensive land areas that are required. Large plants
normally serve large urban areas, where land is likely to be costly and residential
developments tend to crowd against the plant premises. Adoption of nuisance
control measures becomes important and quite costly. Therefore, large plants
generally employ mechanical dewatering to reduce the bulk of the sludge prior to
transport to disposal or reuse areas.

For the purposes of environmental analysis Chapter 9, sludge dewatering
alternatives are identified herein as follows:

• For Amman-Zarqa-Ruseifa, Alt. DAI is Proposed Action (Short-term)
comprising belt press dewatering at AGTP, drying beds at Zarqa-Ruseifa
and at a downstream plant (Kharbet er Ruseifa) if built. Alt. DAZ is
Proposed Action (Long-Term) comprising belt presses at all plants. Alt.
DA3 is No-Project, same as Alt. DAl, except there would be no
downstream plant.

• For all other treatment plant sites, Alt. 001 is Proposed Action (sludge
drying beds) and Alt. DOZ is No-Project, Continued Use of Cesspools.

Further Conditioning

Digested sludge is sometimes given additional cOhditioning in order to reduce
pathogens and improve the usability of the product. Such conditioning' may
include composting with or without addition of other organic materials. Heat
treatment is sometimes employed.
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Sludge Transport

As indicated above, wet sludge is customarily removed from the digested sludge
storage tank at AGTP by means of tanker trucks and is hauled to the Municipal
Dump for disposal. Dried sludge cake is hauled by means of dump trucks to
disposal/reuse Si tes. Pumping wet sludge through a pipeline is another method
used in some treatment plants for the transport of sludge to disposal/l'euse sites.
Usually such a practice is done where a long-range disposal/reuse site will be
available on a long-range basis and the economics favor wet, pipeline transport
over alternate methods. For example, the metropolitan San Diego Treatment
Plant digested sludge has been piped through a long pipeline for nearly two
decades to create artifical islands within a fine aquatic developmer,.t in Mission
Bay. The sludge mixed with marsh sediments forms a rich soU upon which the
local grass, lawns trees, and shrubs thrive.

For the purposes of subsequent environmental analysis in Chapter 9, sludg~

transportation alternatives are identified as follows:

For AGTP:

• Alt. STI is Proposed Action and No-Project: Truck dewatered sludge.
(A transi tion period could exist during which liquid and dewatered
sludge could be trucked).

• Alt. STZ: Truck liquid sludge.

• Alt. ST3: Pump liquid sludge.

For All Other Plants:

• Alt. SOl - Proposed Action: Truck dewatered sludge.

• Alt. SOZ - No-Project: Continued use of cesspools. (Surplus septage
trucked to treatment plants).

SlUdge Disposal

Until recently, disposal of treatment plant sludges has not received the propel'
attention and concern by regulatory authorities. However, concern is mounting at
present for groundwater quality as a result of possible adverse effects
attributable to dumping of sludge, particularly wet sludge, in landfills that do not
have impervious layers. An example of this is the Municipality of Amman's dump
site.

Previous studies have documented that the groundwater beneath the existing
landfill is being degraded by the introduction of nitrates from the liquid sludge
being dumped. Recommendations were for relocating the sludge dump site to
other areas where the potential for groundwater degradation is minimized. The
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recently completed solids waste study for Amman has identified several potential
sites.

Thel'e uc two basic methods of disposing of sludge: landfilling; and use as a soil
conditioner 01' fertilizer. The latter is a long-rang plan for the Greater Amman
Area.

POTENTIAL FOR USE

Sludge has been used for many years as a fel'tilizer and a soil conditioner. It does
not compare favorably with commercial fertilizel's when the comparison is based
on nutl'ient content or ease of handling. It does, however, have exceptional soil
conditioning charactel'istics which can greatly improve the physical properties of
soil and thel'eby its fertility. This makes it especially valuable for the
reclam ation of marginallands for recl'eation, agriculture, 01' forestation.

Thore 81'e, however, significant potential dl'awbacks to such use of sludge:

• Depending on the degree of treatment, it can contain pathogenic bacteria
01' viral ol'ganisms that are potential health hazucls.

• Depending on the sOUl'ces of the sewage, and particu1uly on the amount
and type of industrial wastes it includes, the sludge may contain heavy
metals that can be taken up by crops or leach into groundwatel'.

• If the sludge is applied in excessive amounts, nutrients such as nitrogen
and phosphorus can contaminate ground or surface waters.

These potential drawbacks 81'e discussed below:

Pathogenic Organisms

Sludge can be used at three different levels of treatment:

• Raw sludge (primuy treatment only, or I'aw sewage) - Raw sludge
contains high levels of pathogenic organisms. While raw sludge is
sometimes used in this condition, such use is potentially hazardous and
will not be considered here.

• Digested sludge (or eqUivalent stabilizing process) - Digestion destroy.
most of the pathogens in sludge and makes it safe for use under controlled
conditions. Some pathogens still I'emain, but these are largely screened
out near the soil surface and do not leach through the soU. Opinions vary
as to the amount of control that is neces.uy for safe use. Some sources
I'ecommend that crops be restricted to fruit trees and other. crops which
do not come in contact with the soil, unless sludge application is
discontinued some time before huvest. These sources generally indicate
that public access should be limited and 'buffer zones used. More recent
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sources however, are uncertain about the need for such controls. The
latest USEPA guidelines on land application of sludge state the need for
controlled public access only where it is required by State regulations or
where application rates are higher than those for normal agricultural use.
In practice, in the United States, sludge that is not treated beyond
digestion is generally used at controlled sites, and is not dispensed to the
public for general use.

• Composted or pasteurized sludge - After digestion, sludge can be
dewatered, either mechanically or in drying beds, and then composted or
pasteurized. These processes destroy almost all the pathogenic organisms,
so that the sludge can be used for any purpose without the risk of
pathogenic contamination.

• Heat treatment of wet sludge following or in lieu of digestion. T~s may
comprise wet air oxidation (Zimmerman Process) or heat treatment
without the addition of air (Porteus Process). Although the sludge
becomes completely sterilized and sludge dewaterability is improved,
there are certain drawbacks such as the release of additional soluble BOD
from the broken down sludge cells. Therefore, serious consideration is not
given to the application of this process for the Greater Amman Area.

Heavy Metals and Nutrient Buildup

Sludges vary considerably in their content of heavy metals, and the effects of
these metals can also vary greatly depending on soU type, type crop, soil pH, and
other factors. Under proper conditions, heavy metals can accumulate in upper
soil layers in amounts toxic to crops. There may also be potential for introduction
of metals into the food chain in hazardous amounts. It is very important,
therefore, to conduct tests of the sludge to determine proper loading rates for the
soil type Md crops being used.

Similar precautions must be exercised to prevent nutrient contamination.
Excessive amounts of nitrogen can easily leach into groundwater, and phosphol'us
build up in upper soil layers gets washed away to surface waters. Sludge
application rates must therefore be geared towud optimum use of these nutrients
by crops, and particular care must be taken where high water tables, permeable
soUs, steep slopes, or adjacent surface waters create the potential for water
contamination.

USE ALTERNA'nVBS

Beneficial use alternatives involve reforestation, land reclamation, and
agricultural use.
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Reforestation and Land Reclamation

Thousands of years of often demanding use of land have taken their toll on
Jordan's soils. The loss of vegetation cover due to destruction of the forests and
overgrazing by nomadic herds have left the soil unprotected and susceptible to
dama.ge from wind and water erosion and from the region's high temperatures. As
a result, much of the country's soil has poor stucture and poor water-retention
capability. Improvement of the soU through the use of amendments is neceuary
in many places to obtain maximum us~ of the soil resources.

Because of its high organic content, ~ludge has excellent use potential for
reforestation projects, the slowing of de~ert encroachment, and reclamation of
land for parks, green belts, or open space. The high pH of most Jordanian soUs
decreases the potential for plant uptake of heavy metals. Also the generally good
weather is conducive for spreading or trenching operations.

The most significant drawback to such use is the potential for nitrate pollution of
ground or surface waters. Since nitrate pollution of groundwater il already a
significant problem in the study area, Iludge I'euse programs must be located and
managed so as to preclude the leaching or runoff of nitrates to water sources. It
should be noted that some of the outlying areas are outside the proposed
groundwater protection areas and could be considered for potential disposal sites
without concern for potential groundwater degradation. Amon. those are Jiza, 11
Muwaqqar, and southwestern Sahab.

Figure 6-3 shows areas where hydrologic continuity exists between surface and
groundwaters. In these areas, sludge application rates should be matched to the
nitrogen uptake of the vegetable covering, and groundwater should be monitored
to insure that pollution is not occurring. Composted sludge il best for uae in these
areas, dewatered sludge next best, and liquid sludge least desirable, since hiaher
water content increases the potential for nitrate leaching or runoff.

All of the city of Amman and its immediate surroundings are in areas where
continuity to groundwater exists. The use of sludge in Amman for parka, green
belts, and open space should therefore be carefully planned to insure proper
application rates.

The use of sludge should probably be avoided in the immediate vicinity of the King
Tala! Reservoir. Slopes are steep in this area, and runoff of nitrates into the
reservoir would cause further degradation of water supplies. If it is determined in
the future that this water is to be used only for irrigation purposes then such
restrictions may not be necessary. Addition of the nitrates to irrigation water
would not be harmful, and might even be beneficial to crops.

Areas where land application of sludge is possible without the risk of groundwater
pollution should be identified. This should be done in coordination with the
Natural Resources Authority, the Ministry of Agriculture and other concerned
governmental agencies.
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Agricultural Use

The preceding comments on land reclamation also apply generally to agricultural
use. In the case of agricultural use, however, control of heavy metals and
pathogens must be considered more carefully. Until further information becomes
available to indicate that sludges not treated beyond digestion can be used
without restriction, attempts should be made to minimize public exposure and
direct contact with fruits and vegetables crops eaten raw. Sludge should be
analyzed and application rates carefully matched to the crope selected in order to
prevent dangerous buildup or plant uptake of metals.

Sludge can be used for agricul tural purposes in two ways: either to accomplish
maximum crop production 01' to accomplish maximum sludge disposal, with crop
production as an ancillary benefit. In the first case, the sludge is used on good
agricultural lands and is spread on the soil, since trenching could damage the soil
through excessive exposure. Application rates are low and are matched to crop
uptake. .

In the second case, land is purchased and dedicated to the disposal of sludge. Such
land is generally of marginal agricultural capability. Trenching is used to achieve
maximum disposal rates. Crops are grown only as an incidental benefit, and are
selected for their tolerance to large amounts of sludge. Disposal on dedicated land
should only be done in areas where there is not continuity between surface and
groundwaters.

Aside from technical considerations, a program for agricultural use of sludge will
probably be more difficult to establish than one for reforestation or land
reclamation. Many farmers have long-established prejudices against the use of
human wastes, and an educational program will be necessary to change these
attitudes. Until this is accomplished, there will probably be little market for the
use of sludge. The Agricultural Research and Extension Officell in Amman has
attempted, so far with little success, to interest farmers in the use of digested
and dried sludge now available at the AGTP.

DISPOSAL ALTERNA11VES

Landfilling is the simplest, most reliable, and safest method of disposing of
sludge. However, it represents the waste of a potential resource since no benefit
is derived from the sludge. Landfills for sludge disposal should be located only in
areas where continuity does not exist between surface and groundwaters.

Landfilling

The solid waste management studylZ for the Greater Amman region has identified
several potential sites where the geology is suitable for disposal of liquid sludge.
This study picked two principal sites, one to the east of Muwaqqar and the other
to the east of Sahab at Zumlet al Alya. The Muwaqqar site has a paved two-lane
road to the town of Muwaqqar and thereafter would require construction of an
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access road. There is no major road to the Zumlet al Alya site, so, even though it
is closer to Amman, it would require substantially more road work to provide
access. For the purpose of this analysis the Muwaqqar site wiH be considered the
disposal point for sludge.

Incineration

The use of incineration is practiced where there is a major constraint on available
sites for disposal of sludge. The sludge is dewatered and conveyed to the
incinerator where organics are volatilized leaving an ash residue. The ash residue
must then be trucked to a disposal site. Incineration in general is a complex
process in terms of material handling and operation. A previoul investigation1Z
has concluded that the cost of incineration tor solid waste disposal would be very
high requiring a large expenditure of foreign exchange; that the operation of a
sophisticated thermal treatment plant may pose problems in tel'ml of
management and maintenance requirements; and the overall net disposal cOltl are
high compared to other altel'natives. These same considel'ations apply to
incineration of sludge. Sludge incineration even with waste heat recovery will be
an overall energy consumeI' requiring substantial amounts of fuel fol' operation.
As an example, an appl'oximte energy budget for Alternative TAZ is tabulated
below.

Item

Fuel:
Start-upa
Operation

Electricity
Total
Recovel'ed Heat
Net Heat

TAZ
Incineration Enerll)' Requirements

6.1 x 107 B.T.U./yr.
4.5 x 1011 B.T.U./yro
1.8 x 106 kwh/hr.
4.5 x 1011 B.T.U./yr.
3.9 x 1011
0.6 x 1011 B.T.U./yr.

a Assume 10 start-ups per year

Refel'ence: Energy Consel'vation in Municipal Wastewater Treatment3

Since this is an initial estimate based on generalized numbers there may be more
available energy savings than is appal'ent. Enel'gy recovery of wate heat
obviously must be pl'acticed to make this alternative neu viable. The operation
of waste heat I'ecovery system makes the incineration mOl'e complex and pl'one to
problems. Due to the inherent problems with incinel'ation, it is deleted from
further considel'ation.
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Composting

The solid waste study for the Greater Amman arealZ examined the composting of
solid waste as an alterntive to simple disposal at the landfill site in Muwaqqar.
The conclusion was that composting would be more expensive than bulk handing
and disposal of solid wastes. However, there appeared to be a net beneficial use
for compost as a soil conditioner. The report recommended that a pilot windrow
type composting plant be started at the Muwaqqar landfill b:te. It also
recommended that the sludge not be mixed with the refuse because the typical
refuse from the Greater Amman area hap a high moisture content and the addition
of this wet sludge would make mechanical handling and composting difficult.
Therefore, the composting of wet digested sludge with other organic wastes is
deleted as an alternative.

Dewatered sludge has been successfully composted by both windrow and static
pile methods and this could be done at the landfill site. The dewatered sludge
could also be composted with refuse without creating the materials handling
problems caused by too wet a material.

TRANSPORTAnON ALTERNATIVES

Since specific sites for sludge reuse are not known, transportation alternatives
will be evaluated assuming disposal at the recommended Muwaqqar landfill site.
Three alternative methods of transporting sludge have been presented previously
and are discussed in this section.

Trucking of Wet Sludge

The route for trucking sludge from the AGTP would skirt the edge of Amman
center and proceed southeast to Sahab and thence to Muwaqqar, which is a round
trip of approximately 60 kilometers. At an average speed of 40 km/hr, one tl'ip
would requil'e 1.S hrs. Allowing a half hour for loading and unloading the trucks,
one complete tl'ip would take Z.S hrs. At the pl'esent time, the plant tl'uck drivel'S
work six hours pel' day, six days per week. Operating options ue to truck seven
days per week and either extend the working haUl'S to eight hoUl's per day, or have
two six-haUl' shifts pel' day. The effect of the choice of an operating regimen on
the number of trucks required is presented below:

Hour Operation
Trucks Required

Seven-day Opel'ation Six-day Operation

6 hr/day
8 hr/day

76 (6 standby)
58 (S standby)

89 (8 standby)
68 (6 standby)

Note: Truck capacity assumed to be lZ cubic metel's.

A subalternative is to truck liquid sludges to a point where it could be used as a
soil conditioneI'. Ordinarily, specialized trucks are used to inject sludge into the
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ground in furrows to minmize odor and pest problems.

Trucking of Dewatered Sludge

The following discussion persumes that dewatered sludge will have 1,\ solids
content of ZO percent which is normally attainable with a belt press. Sludge
drying beds can produce drier salim., usually in the range of 40 percent, but this
method of sludge drying is not practical at the AGTP because of the large land
requirement. The prf.nciple economic difference in disposing of dewatered sludge
as compared to liqvld sludge is the greatly reduced volume of material to be
transported. This 7lJinimizes the number of trucks involved in hauling, as shown
below:

Hour Operation
Trucks Required

Seven-day Operation Six-day Operation

6 hr/day
8 hr/day

lZ hr/day

13
11

7

16
13
9

Note: In all ,:ases one standby truck is provided.

Other advantages of trucking dewatered sludge are: it is easier to handle and
apply to the soil at the disposal site since it can be carried in a dump truck or a
pickup truck and spread with shovels or rakes; it can be used in conventional
fertilizer spreading machinery; and it is less objectionable aesthetically than wet
sludge and as such may be easier to market.

Sludge Pumping

Pumping :Jludge to agricultural or reforestation areas will not be considel"ed in this
Master Plan fol" the following I"easons:

• Several yeU's would be required to outline use programs, set guidelines
and identify sites suitable for such use.

• A pumpir.g option is I"athcl" inflexible and precludes expansion to other
markets. Use would be confined to one area, and if fol" unforseen I"easons
the area needs to be relocated, the pumping system would have to be
abandoned.

• The long-tel"m advel"se impacts of sludge use cannot be foreseen. Due to
this potential risk, the application site may have to be abandoned befol"e
the design life of the pumping system ends, resulting in highel" cost per
uni t sludge pumped.

• The sludge may have to be dewatered at the pipeline terminus pl"iol" to
use. This requirement will eliminate the major advantage of this option
namely the feasibility of tl"ansporting sludge without the need for
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dewatering.

For these reasons, pumping sludge for reuse is not a viable alternative at the
pre.;:~nt and will not be discussed further. However, pumping sludge to a disposal
area dOl!s appear to be a viable alternative worth considering. The disposal area is
taken to be the Muwaqqar landfill site proposed by previous studies. 1Z Sludge can
be pumped to the si te, stored in lagoons and trenched into the ground as the
geology of the site favors such disposal method. The disadvantages of this option
is the inflexibility element inherent in the alternative as stated eS'diet' i and the
high capital and operation and maintenance costs. The sludge wtH nave to be
pumped through a 30 km pipeline over hilly terrain which reaches a high point of
940 m at Abu Alanda, drops through Sahab to a low point of 800 m and rises again
to 930 m at Muwaqqar.

RECOMMENDAnONS FOR SLUDGE MANAGEMENT

Use of sludge for agriculture, reforestation, and land reclamation is seen as a
viable long-term objective. Before such a program can be implemented, however,
the following preliminary steps must be taken:

• Testing - Sludges from Ain Ghazal, Salt, and perhaps other plants that are
to be used must be analyzed to determine their content of nu'trients, salts,
metals and other characteristics. The information will be important for
determining application rates, crops to be used, potential hazards, and
other essential information. The sludges must be tested with a variety of
crops, soils, and application rates to establish the best conditions and
techniques for their use, and to determine potential problems that might
result. Such a program is now being conducted by the Research and
Extension Department of the Ministry of Agriculture. The tests have
been in progress for a year, and useful results are expected in two to
three years. Similar tests are needed for reforestation and reclamation
use. Discussions have been held with personnel of the Forest Training
Center, Department of Forestry, and it awears that there is a possibility
for starting such tests in the near future. 13

• Past Experience - Disposal of sludge has become a major concern of all
large metropolitan areas in recent years. Many disposal and reuse
programs have been initiated recently, and a great deal of information on
techniques and related problems is being added to the body of knowledge
on the subj ect. U.S. Environmental Protection Agency regulations will
soon prohibit ocean dumping of sludge, and several large cities that have
depended on this method have recently conducted extensive analyses of
reuse and disposal options. The Los Angeles/Orange County Metropolitan
Area Regional Wastewater Solids Management Program (LA/OMA) is one
example of such efforts. This program has produced extensive technical
data on reuse options and potential environmental hazards related to their
use. Past experience should be investigated to obtain the most up-ta-date
inform ation available on such topics as. application rates and techniques;
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WASTEWATER COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES

pathogen, heavy metal, and nitrate hazards; and the long-term viability of
reuse programs. Existing guidelines for land application of sludge should
be reviewed in order to develop similar guidelines for a local program.

• Market Development - An analysis should be made of potential markets to
determine realistically how much sludge might be used for agriculture,
reforestation and reclamation projects in the first years of a reuse
program, and where such markets might be located. Commitments must
be obtained from agencies and organizations that would be users before
the program can be implemented. Education would be an essential part of
such a program, since people must acquaint themselves with the possible
benefits of sludge use and overcome existing psychological barriers
against its use.

• Coordination by implementing ager,;,;it:: - Implementation of a sludge
reuse program should be a coordinated effort of AWSA, the Agricultural
Research and Extension Deputment, the Deputment of Forestry, the
Ministry of Health, and perhaps other agencies. Such coordination,
perhaps in the form of a special project under the direction of a joint
boud composed of members of such agencies, could greatly reduce the
time needed to establish a reuse program and do much to insure its
effective operation. Such a concerted effort would insure that each
agency is aware of other agencies needs and concerns, that information
:md data are freely distributed among the agencies, and that overlapping
e': :orts are minimized. The distribution of data among agencies has been
a problem in the past, and this significantly limits the effectiveness of
money spent to gather such information.

A full-scale sludge "reuse" program might take three to five yeus to establish for
agricul tural uses, and perhaps two to three years for reforestation and
reclam ation uses. In the interim period, sludge would bp. landfilled at the
recommended Muwaqqar site. After the establishment of a reuse program, excess
sludge for which there is no muket would continue to be landfilled. The
capability of landfilling all of the sludge must be maintained, even after
establishment of a successful reuse program, as a back-up contingency.

For the purpose of subsequent environmental analysis in Chapter 9, sludge
use/disposal alternatives are identified as follows for all site:

• Alt. SUI is Proposed Action (Short term): Landfilling at proposed sites
(Muwaqqar and east of Sahab at Zumlet al Alya).

• Alt. SUZ is Proposed Action
reforestation/reclamation projects.

(Long-term): Use for

• Alt. SU 3 is Proposed Action (Long-term): Use for agricultural projects.

• Alt. SU4 is No-Project: Landfilling of existing dump sites, small amounts
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of agricultural use.

These alternative sludge management programs were analyzed and the most
reasonable program was selected for existing and proposed wastewater treatment
plants in the Greater Amman area.

Alternative Selection for the AGTP

Alternative TAl has been selected as the most cost effective wastewater
treatment alternative. The combined sludge production of both prim81'Y and
waste activated sludge for this alternative is estimated to be 90,ZOO kg/day at the
existing site saturation capacity of 96,000 m3/day. Anaerobic digestion has been
selected as the most desirable alternative for sludge stabilization. The additional
digester capacity that will be required to treat this volume of sludge is Z3,400
cubic meters. The construction cost of this added capacity is estimated to be JD
Z,300,000. An additional dissolved air flotation thickener is required to thicken
lZ,OOO kg/day of waste activated sludge. The estimated construction cost is JD
140,000.

As has been previously discussed, the three alternatives available for sludge
transport are: trucking wet sludge; trucking dewatered sludge; and pumping wet
sludge to the Muwaqqar landfill site. The numbers of trucks required for the
trucking alternative were already presented.

The pumping alternative would require a ZOO mm pipeline 30 km long and 7 pump
stations. Sludge storage would be provided at the landfill site prior to disposal.
Trucks would be required to haul the sludge from the pipeline terminus to the
actual point of disposal at the landfill.

The comparison of these alternatives was made assuming that trenching would be
the means of disposal at the landfill site. Table 8-11 presents the comparison
between trucking wet sludge, trucking dry sludge, and pumping wet sludge to
disposal. In summuy, the total annual cost of trucking wet sludge is JD 1,161,300
of trucking dried sludge is JD 639,000/yr, and of pumping sludge is JD 1,71Z,700.
The cost effective alternative appears to be the trucking of dewatered sludge.

Some generalizations can be made from these results. The relatively high cost of
transporting large volumes of wet sludge to the site always makes trucking
dewatered sludge more efficient. Pumping sludge is effected in the same way. A
fundamental assumption is that the mechanical dewatering plant at Ain Ghazal
Treatment Plant will be run continuously. If a decision were made to operate a
dewatering facility only on a 40 hr/wk basis the capital cost of a dewatering
facility for an equivalent capacity would approximately quadruple and would tip
the economic scales in favor of wet trucking. Dewatering facilities must
therefore be operated Z4 hr/day at a large plant to make them cost effective.
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TABLE 8-11

SLUDGE DISPOSAL ALTERNATIVES
rOR THE AGTP

~
No. truckl
Capital COlt
ADDuel Capital COlt
ADaua1 Labor COlt
ADDua1 rue1 COl t
ADDual Kaiateaace COlt
Total ADDual TruckiDI COlt

Dilpola1 at Site
Quadtya

ADDual COlt

Tl~ckiD' Wet S1ud••
58

JD 1,160,000
JD 188,200

JD. 94,400

JD 55,600

JD 139,200.

JD 477,900

2,000 .3/day
JD 735,800

Truckin, Dewatered S1ud,e
11

3D 220,200
JJ) 35,800

3D 19,300

3D 9,200

JJ) 2,500

JD 66,800

440 .3/da,

JJ) 160,600

Total ADDual Truckial
, Dilpolal Coet
ADDua1 Devaterial COlt JD 1,213,700
Total Slud.e Oilpolal
COlt JD 1,213,000
a
Type of Oilpolal allu.ed to be treDchiDl,

8tIJDGI PUMPING

JJ) 227,400

JJ) 416,560

JJ) 643,960

Pipe1iDe
Pua,ial StaCiODI
Pover
o , II COlt

On-Site S1ud.e Stora.e COlt
o , II ~torale.

TrlDlport~tioa at lite
o , II TrIGlportatioD at lite
OilpoIIl at .it.
Total' Slud.e Dilpo.a1 COlt

Capital COlt
JD 1,125,000
JD 570,000
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ADDua1 COlt
JJ) J.32 , 200

JJ) 67,100

JJ) 57,500
JJ) 39,000

JJ) 11,000

JJ) 7,800

JJ) 72,000

JJ) 108,100

JJ) 1,218,000

JJ) 1,112,700
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In the case of. a smaller community, the choice for sludge disposal would be
between sludge choying beds followed by trucking or trucking wet sludge (no
dewatering). Where land is available for sludge drying beds, dewatering using this
method would be recom mended prior to trucking. Otherwise the sludge may be
trucked wet rather than installing mechanical dewatering equipment which require
an appreciable amount of operation and maintenance.

Alternative Selection for UWATP

Sludge produced at the UWATP will be processed at AGTP sludge handling
facilities. The volumes of dewatered sludge produced are estimated to be:

1990
ZOOO

Volume of Dewatered Sludge
(m3day)

45
106

In order to transport the UWATP sludge volumes from the AGTP to the landfill
si te, an additional 4000 hours of trucking by two trucks would be needed in 1990,
and 8Z00 hours by three trucks would be required by ZOOO. The costs of operating
these trucks are presented below:

!!!!!!. 1990 ZOOO

Truck Capital Cost JD40,000 JD60,000

I
Equivalent Annual Truck Cost 6,510 9,765
Annual Labor Cost 4,080 8,530
Annual 08cM Cost 5,030 10,510
Annual Fuel Costs 1,370 Z,870

Total Annual Cost JD16,990 JD31,675

Alternative Selection for the KRTP

The proposed site for the KRTP lies just foUl' kilometers farther from the
Muwaqqar landfill than does the AGTP. Using the same arguments as those for
the AGTP, the best method of sludge disposal at the KRTP would be to truck
dewatered sludge to the landfill. The KRTP will not be needed until after 1990,
but should be in operation before the year ZOOO. The volume of sludge that will be
produced depends upon whether or not the UWATP is built. By the year ZOOO, the
estimated quantity of dewatered sludge that will have to be landfilled is Z70 cubic
meters per day if the UWATP is built and 400 cubic meters per day if the UWATP
is not buil t. The costs for trucking these to volumes to the landfill are presented
in the following table:
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With UWATP Without UWATP
Item (JD) (JD)

Truck Capital Cost 160,000 Z60,000

Equivalent Annual Cost Z6,000 4Z,300
Annual Labor Cost Z4,000 35,500
Annual 08cM Cost Z9,1r00 43,700
Annual Fuel Cost 8,300 lZ,400
Total Annual Cost 87,700 133,900

Constructing the UWATP would save the KRTP JD 46,ZOO per year in annual
costs.

Alternative Selection for Outlying Treatment Plants

The outlying treatment plants recommended for possible implementation by this
study are located at Baqa'a Valley, Fuheis, Na'UI', Lower Wadi es Sir, Sahab,
Sukhneh, Hashimiya and Khirbet es Suq. The distance of each of these treatment
plants from the Muwaqqar landfill is presented below:

~ Distance

Baqa'a 5Z km
Fuheis 53 km
Na'UI' 34 km
Lower Wadi es Sir 35 km
Sahab 16 km
Sukhneh 55 km
Hahimiya 55 km-. Khirbet es Suq Z5 km

The plants at Baqa'a, Fuhis, Na'UI', and Lower Wadi es Sir are activated sludle
plants of either the conventional 01' extended aeration types. Since they 81'e at
greater distances from the Muwaqq8l' landfill site than the AGTP, trucking
dewatered sludge is the app8l'ent best aJ.ternative. The production of dewatered
sludge at each of these plant sites is presented below:

Dewatered Sludge Production
(m3/day)

Baqa'a
Fuheis
Na'UI'
Lower Wadi es Sir

1990 ZOOO
lO:i '14

1.9 3.0
0.75 1.4
Z.O 4.Z

Note: Dewatered sludge assumed to be at 40 solids
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The estimated hours of trucking required per year are a8 follows:

Truck OperatinlZ Houl'l
1990 zooo

Baqa'a
FuheiB
Na'ur
Lower Wadi es Sir

1150
Z90
65

140

1600
4Z5
lZ0
Z90

A normal work week for the trucking operation at each plant il alsumed to be six
hours per day six days per week. The best way to operate a IYltem of this sort
would be to lease sludge trucks from AWSA on a part time basis or to eltabUlh a
new regional agency for this purpose. By 1990 only one truck would be necelley
to serve aU of these plants. An arrangement of this lort would certainly be the
most economical. The typical costs of operating one truck for sludge dilpolal full
time are presented bt:low:

Item

Truck Capital Cost

Equivalent Annual Cost
Annual Labor Cost
Annual 0 Be M Cost
Fuel COlts

Total Annual Cost

Trucki. Ca.tl

JDZO,OOO

JD 3,Z55
1,947
Z,400

655

JD 8,Z57

Fuel costs were estimated by averaging different hauling distances and idle times
for the foUl' plants. The equivalent annual cost is taken assuming a 10 yee truck
life and a 10% interest rate.

In the case of Sabab, Sukhneh, Hashimiya and Khirbet el Suq where total
containment lagoons are to p:rovide treatment/dilposal of the wastewater, the
sludge accumulated in the lagoons over yeus of operation is dried out on location
and the stabilized sludge is used for soil conditioning and/or trucked to a landfill
site.
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CHAPTER 9

MASTER PLAN

This chaIlter considers those wastewtaer and sludge management alternatives that
were determined to be viable after the initial screening in Chapter 8 and ,lIubjer.:h
such alternatives to engineering and cost analyses in greater detail than was
required in the initial screening. The alternatives are also lubjectt'ld to
environmental analysis and limited cost b~nefit analysis. The alternatives are then
ranked according to regional priorities and a Master Plan is established, based
upon the foregoing.

ENGINEERING ANALYSIS OF ALTERNA11VES

The basic factors to be established for the various alternatives are:

• Percentage of population to be connected to the facilities according to a
time frame within the 1990-Z000 planning period.

• Proposed facilities, nature, capacity, and staging, including flexibility.

• Effluent quality to be achieved according to a time frame within the
planning period.

• Operational and maintenance aspects of proposed facilities.

• Energy requirements of the proposed facilities.

• Beneficial reuse potentials of the alternatives regarding treatment plant
effluent and digested sludge.

• Requirements for limiti~g controls of industrial wastewater and hard
detergents into sewer systems, together with industrial pretreatment
requirements, as applicable.

The foregoing factors are examined according to alternatives for wastewater
collection and treatment/disposal, and for sludge reuse/disposal, according to the
various sub-areas of the Study Area and the agencies within them.

RATE OF CONNECTION OF POPULATION TO SEWER SYSTEMS

It is necessary to make initial assumptions as to the percentages of the population
to be connected to and served by sewerage systems for the various project
implementation phases. Then, based upon resulting analyses, adjustments can be
made if warranted. The experiences of AWSA and Salt are particularly of interest
in considering rates of connection of system users to a sewer system.
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~VfSA Experience

The AWSA system was 1"ecently projected to have a 1990 connected population of
9Z5,000 out of a projected population of about 1.13 mUlion. Thi. corre.pond. to
about 8Z percent connected by 1990, ignorinl any llight discrepancie. between the
extent of the AWSA Iyltem and the limit. of Amman Municipality.l

Table 5-Z, previously pre.ented, included hi.toric data on connection. made to
AWSA's lanitary network. It can btl Ieen that in recent yea.. there have been
about Z,OOO or more new sewer connection. added annually. A. an approximation,
the percent population connected to the AWSA sanitary network i. believed to
have been roughly:

Population in Thou.ands
Percent

Y!!!: Total Connec~ Connected

1973 400 40 10

1974 440 65 15

1975 470 100 ZO

1976 500 140 Z8

1977 550 180 33

1978 600 Z10 35

1979 649 Z50 39

1980 700 Z80 40

In the last decade, Amman more than doubled in population and the sanitary
network began to develop, firat at a mode.t rate and then at an accelerated rate.
Even '0, the growth of the community hu nearly equalled the apparent ability of
AWSA to con.truct new network Mwer. and connect building. to them. It i.
expected, however, that u more and more apartment buildi•• are constructed
and become connected and u Amman approache••aturation population, the
network will finally catch up on the population.

ProjectioDi for AWS~

Obviously, tbere are many possibilitie. for future connectioDi to the AWSA
network from which a judicious choice should be made for Muter Plan purpo.e••
Thel'p, possibilities include variation. in the average numbe.. of connections per
year for the next decade and the average numbers of persons per new connection.
The follo\\'i1l1 tabulation indicates the ranae of po••ibilities that was considered in
a sensitivity analysis approach:
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Scenario of Sewer Connection.
Item 1 Z 3 4 5

Avg connectionl/yr Z,100 Z,500 Z,100 Z,500 1,700

Avg perlonl/connection 19 19 Z5 Z5 40

New population connected
6Z5 680in thoulandl 399 475 5Z5

Total connected population
960in 1990 (1980 i. Z80,000) 679 ,755 805 905

Percent connected out of
projected 1.0Z mill. pop. 66.6 74.0 78.9 88.7 94.1

Buic flow, 103 m3/day,
76.9 81.6at 85.lc'.t 57.7 64.Z 68.4

In con.ideration of the Iheer mapitude of .ewer conatruction work to be
accomplished u well u hi.ctorical trend., the third .cenuio appeared to be the
mo.t realOnable for Muter Plan pUl'pOlel and wa therefore .elected. 'lbe percent
connected by 1990 is not much lell than what ha been projected, and it i.
understood that the program for network expansion i. actually runaing perhap. two
yearl behind Ichedule.

Figure 9-1 pre.entl the.. alternative Scenuiol of connected population and the
extended trend line to year ZOOO for Scenario 3 waatewater flow.. Beyond 1990,
the total potential fiowl are indicated not only from Amman but alwo from
Suweileh, Wadi e. Sir and the Suburban Ring.

The extended trend line for current AWSA (primully Amman) indicate.
119,000 eu m/day wutewater flow by year ZOOO and correlpona to 96 percent
conaection of the projected population of 1.305 million. Fiowl from other areu
ue projected for 3Z,000 cu m/day.

Salt Experience and ProjectioDl

The Municipality of Salt completed ba.ic cODltruction of itl new watewater
treatment plant in euly 1980 and began operationl, meanwhile continuing to
CODDect dwelli.1 and other buildi.1 to the new .anitary network tributary to the
new plant. No definitive information wat available on the extent of the
population connected to the BYltem by the autumn of 1980, but eltimates were u
hilh as 43 percent with the ur.derstanding that the fipre could be lubltantially
lower. Aue_mentl, connection fee., and lervice changeI are IOmetime.
lufficiently high to dilcour&le lome per.onl from connecting, even when the
lewer become. available for connection, 10 there i. ulually a lag experienced
between sewer availability and completion of connedion thereto. Lacking any
.ublt&l1tial buis for projection, it hu b'!en allumed that for Salt, the percent
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population connected would be about u followl:

Connectet:. to Sewe,.
Percent Population

1980

1985

1990

ZOOO

40

85

90

98

14,000·

34,000

4Z,000

65,000

It should be noted that due to the htlly nature of the terrain, malt of the
population is centralized. AllO, the conltruction work neceuary to connect th.
population to the new plant il not a peat u that for AWSA.

Zaraa - RUleifa Aslumptionl

The recent study for Zarqa-RuleifaZ made the followini auumptions u to lervice
areu and lerved population:

• Streetl on which more than half of the d.velopable loti have be.n built
upon will be sewered duriq the initial phale, but Imall clulterl of haul••
located at lOme diltance from exiltini populations will not be Hwered
durini the initial phue.

• Small sectiona of heavily developed area which drain into undeveloped
land and that would require an ext.enlive amount of Hwerina within the
undeveloped area will not be Hwered durini the initial phue.

• No initial seweri. would be attempted for IUie lot. within apicultural
ueas along the Sen Zarqa althouih future provilion for .ame would be
mad~.

• Bued upon the above criteria, the inveltment propam contemplated
lervice to 64.7 percent of the population by 1990, 71.6 percent of the
population by ZOOO, and 8Z.9 percent of the population by ZOZO. Population
lerved in 1990 and year ZOOO are about Z50,000 and 391,000, respecti.ely.

The study's eriteria and findinis appear reuonable and will be adopted for the
Zarqa-Ruseifa area for purposel of thil Muter Plan.

Criteria for Other Area

General conlideration hal been given to the extent and nature of both existing and
projected development for the vuious candidate areu for lewerinl outside of
AWSA's immediate network, Salt, and Zarqa-RuseUa. The criteria that have been
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employed are:

• If substantial concentrated unsewered populations already exist or will be
in existence by the time a sewerage program can be organized, they
should be included in the first phase investment program considerations,
particularly if sewering can be accomplished on a cost-effective basis.

• Where only patches of development exist or are projected to exist and
where there are large intervening areas of undeveloped land, such
developments should be deferred from first phase investment program
consideration and until such time as sufficient population density of the
community has developed. This is determined on a subjective basis from
consideration of present and future populations, populcstion densities, and
land development, including studies of recent aerial photographs.

• Due to the diversity of developments for the various localities, feasibility
for sewering is determined on a case by case basis.

The percentages of total community populations connected to the sewer system
for the "other areas" have been estimated and used herein as follows:

Sewered Community

Baqa'a Camp
North-Draining Suweileh
Safut
Ain al Basha

1990 Conditions
Connected to Sewer

Percent Population

ZOOO Condi tiona
Connected to Sewer

Percent Population

Subtotal Baqa'a Valley (overall) *
Lower Wadi es Sir
Fuheis
Mahis

Subtotal Fuheis/Mahis (overall)
Na'ur
Sahab
Sukhneh
Hashimiya
Abu Alanda
Khirbut es Suq
Juweideh

Subtotal Abu Alanda et al
(overall)

94

9Z

5Z
57
65
60
50

73

63,ZOO

15,300

6,700
4,000

11 ,000
3,600
3,000

11 ,000

95

98

53
69
67
70
60

73

73,400

ZZ,500

9,500
6,900

16,100
5,600
4,800

15,000

• See subsequent discussion of special report on "Immediate Improvement Pro
gram for Baga'a Camp Wastewater Disposal."
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(Continued)

Suburban Ring (of Amman
Upper Wadi ell Sir
South-D"ainin, SuweUeh

Total

SElL ZARQA SUB-BASIN

59
9Z

71
(wtd avg)

44,000
ZO,OOO

181,000

96 Z40,000
98 37,800

...2! 17,600

91 449,500
(wtd aVI)

All noted in Chapter 8, there are dilltinct POlillibilitiel of flow trBnafera between
adjacent lIub-balliu that could involve AWSA and wellterly ueall. It wu
determined economically feaaible for north-drainina Suweileh watewater to be
pumped from the Northwelt lIub-baliin to the Seil Zarqa lub-boin but not for the
lower Wadi ell Sir watewater to be pumped from the Weltern lIUb-bain. The
subllequent analysell Ulume that these peripheral area will be tributary to the
AWSA lIYlItem (llee alllO dilcuuion of Beqa'a Valley reaardina North-drainina
Suweileh).

In addition, a topoll'aphic oddity came to li,ht during the field work involvina
sitina of the UWATP. It Wall found that the topoaraphic divide aeparatina the
watersheds of SeU Zarqa and Wadi el Kafrein in 1I0uthealltern Wadi el Sir i.
relatively flat 10 that by meana of lIimple and inexpenaive enaineeriDa workl,
aravity diversion of drainaae from the upper reaches of the Sell Zarqa waterahed
delCending from the Suweileh area may be diverted to the adjacent watermed of
Wadi el Kafrein. Thill finding, independently made, was then found to have
confirmed the earlier findina by NRA, made leveral yeaI'I &10 duri.. the COurH of
drainlle IItudiea.3 ThUI, bei.. located very ClOH to the waterued divide of sell
Zarqa and Wadi el Kafrem, the effluent frOID UWATP could be made to flow by
aravity into either waterlhed u may be determined optimum from conlideratiou
of downltream ulel and impactll. Without much additional COlt, the plant
facilitiel could incorporate the necelilary flexibility to permit lI'avity diveraion of
effluent in either direction. Thil does not influence coDection or treatment
alternativel but only di,pollal/reule alternative..

It would allO be pOllible for effluent from UWATP to be diverted to the lOuth aDd
acrou the water.hed divide, but pumpina would be required to accomplilh thi••
There ill an interyenina IUmmit between the lIite of the UWATP anc:I the Dead Sea
Buin, located aloDi the hiahway to Marj a1 Hamam and entaili.. about 55 m of
pumpinalift. A force main of about Z.5 km would extend loutherly from UWATP
to thi. lIummit, upon which a Itor..e tank or re.ervoir would be located for pump
control and flow replation purpole.. A aravity pipeliDe would then run southerly
and crall the divide at the selected point(lI): to the headwater. of Wadi el Qutal
(Iouth of Marj el Hamam) or to the headwaterl of Wadi Hilban (Iouth of Na'ur).
Pipeline length from the tank to the forlDer point would be about 4.5 km and to the
latter point about 8 kID. If both delivery POintl were desired to be included for
maximum flexibility, the total pipeline length would be about 11.Z km dowutream
of the tuk.
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Although there is no downstream storage on either Wadi el Qastal or Wadi Hisban,
there should be a potential for some irrigation. The gradients are not as steep as
that of Wadi el Kafrein and it is presumed that some of the lands along these
wadis would be developable for irrigated agriculture.

The equivalent pumping lift, augmented by additional pipelines, could probably
form the basis of irrigation supply southerly and southealterly of Amman, but this
aspect has not been studied in detail as no irrigation sitel have yet been
identified. As indicated earlier in Chapter 7, there is a distinct elevation
advantage of UWATP over the downstream plants in potentials for supplying
reclaimed water to future reuse applications on the plateau.

Facilities propoled within the Seil Zarqa sub-basin are thoi\e of AWSA and Zarqa
Ruseifa. Facilitiel for Es Sukhneh and Hashimiya are discussed subsequently.
Future facilities for Halhimiya Free Trade Zone, would be specially provided for,
once tbis development bas been formalized. The nature and rate of indultrial
development will dictate tbe facilitiel needed and tbeir timing.

AWSA Facilities

AWSA il unique in baving extensive facilities already in operation and offering
several possibilitiel for system extenlion. The Itaging of new facilities is
influenced to lOme extent by needed enlargements as determined by the selected
collection alternatives.

AGTP Staging

Tbe staging of facilities under various alternativel mUlt consider the amenability
of the AGTP to upgrading and enlargement in a logicallequence.

AGTP has a design capacity of 60,000 m3/day but does not achieve delired
effluent quality resultl even at Zl,OOO m3/day, thul requiring uppadin" The
procell selected in Cbapter 8 wal biololical treatment of primary effluent by
rougbing filters followed by activated sludge. This procesl takes more room than
conventionsl activated Iludge, thul limiti.. tbe potential plant capacity. The
area loutb of the existing facilities and nortb of the slaughterhouse could be
developed for lome 45,000 m3/day of capacity, while available area on tbe
present site could be developed into some 30,000 m3/day of total plant capacity.
This would include modifications to the exilti. plut. In effect, tbe ultimate
plant capacity for the existing AGTP site (withholding limited area to tbe
northeast of the blower building for possible future filtration and denitrification)
is some 75,000 m3/day. An initial staging would be for 60,000 m3/day.

In enlarging the AGTP, it will obviously be necessary to construct certain new
facilities first; then, once tbese bave been activated and are performing satilfac
torily, conversions can be made of the existing facilities Accordingly, the first
stage of incremental capacity would be for 30,000 m3/day, involving the area
between tbe existing facilities and the slaughterhouse.
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Collection System Alternathes

Figure 9-Z shows a possible arrangement for treating wastewater from Amman
and portions of SuweUeh, Wadi es Sir and the Suburban Ring. In this arrangment,
the AGTP enlargement is supplemented by construction of the UWATP, deferring
and minimizing subsequent conc.truction of a Kharbet er RUleifa Trea,tment Plant
(KRTP). This is designated as collection system alternative CAl.

Under an alternative arrangement designated as collection 8ystem alternative
CAZ, there would be no UWATP at all and all flows would be directed to AGTP
and a KRTP. This would require earlier construction and greater capacity of
KRTP than for (CAl).

In brief, the staging of facilities for the respective treatment plants would be as
follows:

Year and Plant

1990

Plant Capacity, 1,000 m!tday
Alternative CAl Alternative CAZ

AGTP
UWATP
KRTP

ZOOO

AGTP
UWATP
KRTP

60.0
8.0
7.0*

75.0
Z1.0
54.0

75.0

75.0

75.0

* Theoretically, KRTP would need to be built at this capacity by
1990, bnt as a practical matter, if it appeared that the combined
capacities of AGTP and UWATP of 68.0 m3/day might not suffice,
then future connections to the system might be limited until these
plants had been expanded.

The staging of trunk sewer enlargements (via paralleling of critical reaches of
existing trunk sewers) would be as follows:
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PLANT 1990 2000-
AGTP 10 75
UWATP • 12
KRTP CNOTE4) 54-
TOTAL 75 151

COLLECTION ALT. CAI
TREATMENT 'PLANT
CAPACITIES, 103 MIl DAV

LEGEND

___""""'~ TREATMENT AT AGTP

(:.:··/.,:;iq TREATMENT AT UWATP

~ TREATMENT AT KRTP

NOTES:
1- COLLECTION ALTERNATIVE CAl

PROVIDi::S FOR THREE TREATMENT
PLANTS (DEPICTED).

2-COLLECTION ALTERNATIVE
CA2 DOES NOT INCLUDE
UWATP. THEREFORE KRTP MUST
HAVE A YEAR 2000 CAPACITY OF
55,000 M3 / DAY.

3-PROJECTED FLOWS ARE BASED
ON FIGURE 9-1.

4-IF NECESSARY TO PREVENT
PLANT OVERLOADING. FLOW
BUILDUP CAN BE LIMITED
BY CONTROLLtNG
S EWER EXTENSIONS
AND CONN ECTIONS. -rIL..

AtTlVATe TME
UWATP -""'"
CAU CAU50

~ 100
".....

2

10---+--+-+--+-.......-+-+-......-+.......-+--+--+.......-+--+--+_......-+--+-.....
"10 '"5 2000

TREATMENT OF WASTEWA1ER ·FOR ALTERNATIVE CA I

FIGURE 9 - 2



MASTER PLAN

Trunk Sewei.' Lenlthl (m)
Needed by 1990 Add'l Needed by ZOOO

CAl CAZ CAl CAZ- - - -
1000
900
800
100
600
500
400
300
ZOO

o
394
318
151
33Z
Z83
514
581

o

1043
1Z8
656
445
601
36Z

1131
1151

o

o
o

1Z5

""4Z8
133

83
959

1901

615

""634
Z10

1183
1431

83
1614
1Z90

Both Alternatlvel CAl and CAZ would be reHonably flexible, but Alternative
CAl would appear IOmewhat mol'. 10 In that It would provide the opportunity to
defer trunk lewer relief projectl and a ..cond capacity enlarlment at AGTP for a
perll)d of year., durlni which time direction of development, plunl.. pollciel and
percent of population ..rved would be better defined. Alia, experience could be
lained, not only In operatloDi at the enlarled AGTP aDd new UWATP but alao in
the effects of the dlach_le of their effluentl upon the relpective receivlnl
wadll. UWATP could be divel'ted either to Sell Zarqa tub-baln or Wadi Na'ur.
The experience lalned in operation of thele plantl prior to the need for KRTP
would be Ireater UDder CAl than under CAZ and preNmably would be more
helpful In the eltabUlhment of KRTP. AlIO, if it Ibould d~velop that the
wutewater flowl to be handled are Ireater or Ie.. than curre~tly projected,
IUltable adjultmentl could be made In either ca.., but probably more 10 for CAl
than for CAZ.

Treatment Alternativel and Effluent Quality

The Alternativel to be conlidered are bulceUy related to effluent quality for the
propoled plaDts (AGTP, UWATP, aDd KRTP). All plantl would incorporate
roulbins filtera followed by mecbaDical aeration activated l1udle. There would
be clI1101ved air flotation concentration of wute activated Iludle, ad aaerobic
di,eltion of sludle at AGTP and KRTP. All platl would Initially produc~

effluent meetiJII a aver..e requirement of 50 mill Suapended Solidi and 50 mill
BOD, UluminR lati.factory plat operation and maintenance. It would be
UDw_raDted and too cOltly to provide filtera until Ncb time u the COlt of
effluent uPlradlns hu been clearly jUltified. In the 1011I I'UDt however, effluent
fUte...hould be provided in order to permit reliable effluent dillnfection.
Denitrification Is even Ie.. of a future prospect, but lonl ranae provision of this
treatment step should allO be included in the proaram, IUbject to need eltabll.h
ment on the buil of continuiJII study. The effluent quanty and advanced
treatment facilities for the treatment alternative. are the same for all three
treatment plats and are u indicated In Table 9-1.
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TAllLlt9-1

11lBA'IIIDI'I' AL'I'IIIUIA'IlVIES AIID BFFLUEIIT QUAUTY&

...0
I(;)

Item
Type of Effluent
Year Applicable

Quality Parameter
Units

Values

DesigaatiOll of Treatmellt
Alternatives by Sub-huin

Seil Zaqa
AWSA Facilities

AGTP
UWA1'P
KR"W

Zuqa-Rueifa
Subeh
Bubimiya

N~thwest

Baqa'a Valley
Western

Fulaeis/......
Lower Wadi es Sir

Southwestern
Na'ur

Southern
Sabab
Abu A1uda, et aI

LEVEL OF TREATMENTSec"""'" EffllleDt (Rec:olDaeaded Uinizwa) Tertiary Effluent (H Requited)1990 ZOCO 2000

55 BOD Colif. 55 BOD Cotif. SS BOD Colif. NO]IIIg/I IIII/l MPHI IIIIfl racJI MPHI meJ1 mg/1 MPN/ mg/I100 aaI 100 all 100 ad
50 50 ZO.GOO 30 30 Z.OOO 5 10 Z.Z 45

TAl TAl TAlTAl TAl TAl
TAl TAlSeparate ee-dtaatS~ - Efflllent coaiclenl'" pllftaIIY ailar to othen depictedNot Ucallieb Not applicable" Nol applicalileb

Not Ucallieb Not ....licailieb Not applicalileb

'lB1 TBI 1BZ

TFI TFI TFZT1J1 nn TWZ

TNI TNI TNZ

Not ....licailieb Not ....UcMleb Not appticmleb
Not ...licableb Not ...licableb Not appUcableb

s::
>
rJ1.,
l%J
~

'U
t""
>
Z

"

a See teat for further descriptioa. ModeR ~tioa ill w..tewater atrea&th between 1990 ZOOO aboaId aid in pollutul l'eIIIoftis by thetreatment P~OCUUI Terti8Y efllueal require.-eau, if realised. would. be establillled .... the of fatul'e eaperienc:e with RCOIIdary effluentmel additional dUlly.

b Denotes total coatainalent I...,.... no efllaeat diac:IIarae to watucounes (wadia).



MASTER PLAN

Table 9-1 differentiates between secondary effluent quality in 1990 and ZOOO.
The anticipated improvement in secondary effluent quality for the AWSA plants
and other treatment plants is due primarily to moderate reductions in wastewater
strenllth and resultinll increases in overall removall of SS and BOD. Such
removals should, in turn, enhance the effectivene81 of chlorination and reduce
coliform densities. Should these anticipated improvementl in effluent quality not
materialize, it would be pOlsible to add polymer to aid secondary clarification.
Removal of additional suspended solids by this mealure Ihould be particularly
helpful in improvinll the effectiveness of disinfection by chlorination.

Operation and Maintenance Aspects

In order for the proposed treatment plants to perform their function. satisfac
torily, it will be necessary for qualified operation and maintenance personnel to
be hired and placed in responsible staff pOlitions. Emphalil will have to be made
on operational Ikills and tr~ininll to a g/reater extent than hu been possible up to
now. The treatment works being prClpoled and the equipment involved ue not
much more sophilticated than that which is presently in operation at AGTP.
Therefore, if sufficient monetary incentive is provided for qualified professional
and subprofeslional personnel, tOllether with continuing training, t~e delired
results should be achievable. Under the alluml,tion that this will be the case,
estimates for staffinll are made for the varir-l1s treatment alternatives for the
three propoled plants as presented in Table 9-Z. Certain other relevant
requirements are also included. •

Pumpinll stationl are generally equivalent to treatment plants in requiring
qualified operators and maintenance personnel, although procesl control i. not a
factor in pumping stations and this capability is not needed. The emphasis is on
electromechanical capabilitiel for pumping stations. It il not normally necelsary
to have constant manninll of pumping statione, provided that qualified operators
are always on call via constantly monitored remote alum systeml. It is, however,
important that pumping stations be maintained in failure-free condition. Trunk
sewer and lateral sewer maintenance should become more orient~u towards
prevention of difficulties and less towards relponse to emergency conditione than
has been possible in the past.

Enersy Requirements of Proposed Facilities

Table 9-3 presents the estimated energy requirements for the various AWSA
facilities of the respective collection and treatment/dispolal alternatives.

Beneficial Use of Effluent and Diselted Sludse

Alternative CAl would provide for reclaimed water from the UWATP which would
be available at relatively hillh elevation on the plateau for future reuse applica
tions as they may develop. CAl also provides for diversion of effluent to the
Jordan Valley via Wadi el Kafrein instead of discharge to Seil Zuqa. However,
there appears to be less riparian irrillation from the Wadi than from the Seil, so
this may not be an advantalle as far as indirect reuse is concerned. Reclaimed
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TABLE 9-2

ESTIMATED STAFFING AND OTHER REQUIREMENTS

FOR AWSA WASTEWATER TREATMENT PLANTS

Item AGTP UWATP KRTP

(Has Digesters) (No Digesters) (Has Digesters)

Collection Alt. CAl
1990 Condition 3 3

68 7.0Plant Cap., 10 m /day
Staff Requirements

Professionals 7 1
Line 35 7
Laborers 67 4

Treatment Plant 57Site Req'ts, dunumsa No add'l 30

2000 Condition 3 3
96 21.0 34Plant Cap., 10 m /day

Staff Requirements
Proft;!ssionals 7 1 3
Line 46 12 23
Laborers 75 10 13

'i ..eatment Plant
;~te Req'ts, dunumsa

No add'l 30 57
Co~~ection Alt. CA2

1990 Condition 3 3 75
Plant Cap., 10 m /day
Staff Requirements

Professionals 7
Line 43
Laborers 72

Treatment Plant 83Site Req'ts, dunumsa No add'l
2000 Condition

Plant Cap., 103m3/day 96 55
Staff Requirements

Professionals 7 4
Line 46 27
Laborers 75 16

Treatment Plant
Site Req'ts, dunumsa

No add'l 83

a
Typically, treatment plant sites should be acquired initially at size
needed for year 2000 conditions.
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TABLE 9-3

ESTIMATED ENERGY REQUIREMENTS FOR AWSA FACILITIES

Annual requirements are in 106kwh a

Item AGTP UWATP KRTP Pump Sta. Total

Collection Alt. CAl

1985 20.0 0.8 0.2 21.0

1987 22.9 1.3 0.2 24.4

1990 28.6 3.1 0.2 31.9

1995 34.2 6.0 7.0 0.2 47.4

2000 40.0 8.9 14.3 0.2 63.4

Collection Alt. CA2

1985 20.6 0.2 20.8

1987 24.2 0.2 24.4

1990 31.4 0.2 31.6

1995 40.0 7.1 0.2 47.3

2000 40.0 22.9 0.2 63.1

a See Table 9-6 which includes the effects of power recovery at both AGTP
and KRTP, along with process selection of roughing filters - activated
sludge.
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effluent would allo be available fr(Jm the lower plantl (AGTP and KRTP) under
either CAlor CAZ. It il expected that the availability of reclaimed water would
be much lireater than the demand for lame for many yeare.

Digelted Iludie would be readily available from either of the downltream plantl
(AGTP and KRTP), and the lame amount of diielted .ludge from thele two plant.
would be produced, regardlell of collection alternative. Opportunitiee and
economics for reule (ule) of the .ludge would not be lipUicantly influencfld by
selection of one collection alternative or another.

Cantrall of Indultrial Watewater and Hard Deter,entl

Future indultrial wa.tel .hould be regulated to exclude excel.ive concentrationl
of harmful materiall.

Ina.much a. malt of the contributionl will continue to be relatively euily
accommodated in the wutewater Iyltem, indu.trlal watea dl.charie limitatlonl
.hould not be critical. A detAiled dilcu••lon on future Indultrlalloadl il included
In Chapter 7. None of the area tributary to UWATP II zoned for Indultrial
development.

Only relatively few, light indu.trie. may di.charle to the UWATP, and their
effect upon the plant operatioDl ,hould be in.ipificant. Neverthele••, it will be
generally nece.lary that an effective indu.trial wute control prolram be
developed.

So-called "hard" deterlentl frequently include two conltituent. that are IOme
time. troublesome when pre.ent in watewater in .ufficient concentratiou.
The.e are surfactanta, of the type that incorporate alkyl benzene .ulfonate (ABS),
and pholphate••

AIS, when lufficiently concentrated may cau.e unde.irable foamina in wate
water treatment plant aeration tank.. The AIS may carry throulh with the plant
effluent and caule foamina in recelvi.. .tream. where the.e are IUfficiently
turbulent. Pholphate. are likely to carry throulh ..conduy treatment plant. into
receivi.. wate.., increaina tendencie. toward. eutrophication of lake8 ud
re.erYoirs into which thele may flow.

Althoulh there are apparenUt "hard" deterlent. in u.e in Amman and vicinity,
theae do not .0 far appear to have cau.ed a aipficant problem either in the
exi.tine watewater treatment pluta or in the recelvlDi .ate.. into which the
plant effluent. flow. For example, with re.pect to foaminl in aeration tank. at
AGTP, KHMe, or Salt TP, there appears to have been only minor experience in
such effects. This may be due to a relatively low per capita UH of the detergents
or other factora, but there has been relatively little foamini experienced either in
aeration tanks or in effluent discharles to and in the receivi.. water.. Over a
quarter of a century -So in the United States, AIS conltituted such a foaminl
problem in wastewater treatment plants that it became necea.ary to have
detergent manufacturers reduce the amounts of these foam-caueini surfactants in
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their products. This action, coupled with institution of froth sprays on aeration
tanks (used to beat down forming foam), have kept the problem under control.
Admittedly, U.S. per capita consumption of detergent may have been somewhat
higher than is the caSA in Jordan. However, it appears correct to conclude
tentatively that no limitIng controls appear necessary on hard detergents in the
AWSA system or in any of the other active systems, at least for the foreseeable
future.

Inorgank phosphates in detergents (household cleaners and other cleaners) are
present in the wastewater entering AGTP and in its effluent. The effects of the
phosphate burden (,f AGTP upon King Talal Reservoir have been considered in a
recent environmental assessment.4 It was noted that the total phosphate bUrden
at that time (1978) was about 168 kg/day (as phosphorus) but that King Talal
Reservoir would become very highly eutrophic regardless of whether or not
phosphorus removal were to be instituted at this and other wastewater discharges.
It was considered that control measures to reduce phosphorus loading on the
reservoir would be: ineffective.

On the basis of an elitimated connected population in 1978 or Z10,000 persons the
per capita contribution of phosphorus to the AGTP effluent would have been
168,000 g/day divided by Z10,000 persons or 0.8 g/c/da. The removals in the
AGTP itself might be roughly equal to this value. It would proLably be safe to
assume the per capita contributions in the wastewater itself were on the order of
1.6 g/c/da. This value is only about one-half of the values often encountered in
the U.S. This tends to support the earlier observation that detergent uses in
JordarA are probably significantly lesa than those in the U.S. In any event, "hard"
detergents do not presently appear to be of potential concern to the present or
future AGTP or to the future KRTP.

The UWATP effluent would probably be discharged to the Wadi Na'ur, thence to
Kafrein Reservoir overlooking the Jordan Valley. Phosphorus in this flow would
actually be beneficial for the irrigation uses supplied by the reservoir. Thus,
"bard" detergents would not appe3l' to be of concern to this treatment plant
eit.her.

Zarga-Ruseifa Fl\cilities

The recommen(;f~d profram for wastewtaer facilities for thp. Zarqa-Ruseifa area
include" the follr'wing:

For 1990 Service f..fl'el (Phase I)

• Z6,000 hot:;';'! connections initially plus 7,970 subsequently

• Z03 km of collection and sUbtallk sewers initially plus 66 km of collection
sewers subsequently

• ZZ km of trunk sewe~s
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• One pumping station and 3 km of force main

• A Z4,200 m3/day treatment plant using plastic-media trickling filters

For ZOOO Service Level (Phase D)

• ZO,300 additional house connections; total becomes 54,Z70

• Z05 km of additional collection and subtrunk sewers; total of all sewers
becomes 496 km (plus 3 km of force main)

• 17,000 m3/day additional treatment plant capacity; total becomes
41,ZOO m3/day

!!!clusiol1. of Schneller Camp and East Marga

The Zarqa-Ruseifa trunk sewer system did not extend as far west as Schneller
Camp or Jebel Faisal, both outside the Zarqa-Ruseifa planning area. However,
they could be served by the proposed trunk sewer system, and the necessary
extensions and enlargements for aCCOIlJ modating this peripheral flow as well al
approximate costs for same were repcrttld. Z As has been dilculsed in Chapter 8,
the Schneller Camp and housing p!'ojects alone could add up to about 44,000 by
1985. It was felt thl'.t the areas should be served in the Phase I Program, however
a decision regarding this was deferred until it was determined whether Schneller
Camp would be sewered or not. If not, then serv~ng the housing projects would be
more cost effective and economically feasible to be implemented after 1990,
when the needs of the East Marka area become more profound. At any rate,
provisions should be made in the on-going design for enlarging the Z-R trunk
sewer system to serve the area's projected population, 73,000 by the year ZOOO.
This should be carried out regardless whether the Schneller Camp and the housing
projects are served in the Phase I Program or not. (Since the preparation of this
Master PI,us Report, a special study has been made for an immediate improvement
program for Marka Camp - Schneller Canlp - wastewater dispolal.)

The additional flow from the Schneller Camp and East Marka area would require
enlargement of the plant during the delian phase or slightly earlier expansion in
the future.

It was planned that the sewers not be extended to Musherifeh area, which borders
Schneller Camp and Jebel Faisal until the 1990-Z000. It wal noted that the need
for serving Jebel Faisal or Musherifeh were not as great al other a:'eas.

Treatment Alternatives and Effluent Quality The trickling filter plant proposed
by the consultants would generally produce a secondary type of effluent quality
and later addition of tertiary facilities, if found justified, would upgrade the
effluent quality. Effluent quality may vary with temperature as has been
disculsed in Chapter 8 and Appendix L.

9-16
I·



]
MASTER PLAN

Operational and Maintenance Aspects The trickling fUter plant haa relatively low
operational requirements, and these have been reported upon previoully.Z Inclu
sion of Schneller Camp and Ea.t Marqa area in the system would not have much
effect upon the syatem'a OleM aspectl.

Other Con.iderationl There would be only moderate increaseI in eneriY conlump
tion cauaed by including Schnfl!ller Camp and ialt Marqa in the Zarqa-Ruleifa
Syltem. Trickling fUtration treatment il relatively low in eneriY requirements.
The comments previoully made under AWSA facUities regarding beneficial ule of
effluent and digelted sludge and control of hard detergents are believed applic
able to the Zuqa-Ruleifa system a well. Control of indultrial wutewater 'will
be particularly important for thil syltem however, becaule of the pre.ence of
conliderable indu~try. Effluent reuse potentiall, such al for plateau irrigation to
the ealt, might eventually develop. Sludge ule potentiala would be the lame al
for AGTP.

Sukhneh and Hasimiya Faci1!!!!!

These two small commv.nitiea in the lower populated part of the SeU Za.lqa
Drainage are in a position to have their septage dilchugel to the groundwater
greatly reduced by providing lewerl to the mOlt developed areu and treating and
dispoling of the watewater in facultative lagoonl one system per community.
The lagoons would be lined to prevent percolation and a!zed to evaporate the
lagoon effluent. In effect, these would be total containment lagoons and would
require no energy for operation. The effluent quality would not be of relevance
becaule there would be no percolation to the underground or dilCharge to
watercourse. Operation and maintenance requirements would be minimal. Hard
detergents would not be a consideration. Indultrial wutes from thele rural
comJDunitiea Ihould not be of significance. There would be no effluent or Iludge
use potentials. However, consideration might be given to controlled landlcape
irrigation of greenbelt areu. Thil would make some beneficial ule of the water
without complete 1088 by evaporation. Thil matter would be inveltigated during
design.

Table 9-4 summuizel the lower Seil Zarqa wastewater facilitiel, including Zuqa
Ruseifa a well as 1l1khneh and Hashimiy..

NORTHWEST SUB-BASIN

The proposed facilities within the Northwest sub-basin are tholi3 of the entity that
would serve Baqa'a Valley, including Baqa'a Camp, Safut, Ain a1 Basha, and North
draining Suweileh. North-draining Suweileh would participate initially, via
pumping in the Seil Zarqa sub-buin Alternativel CAl and CAZ. After a period of
time, if it were determined warranted to proceed with Baqa'a Valley facilities, a
decision would be made as to whether or not to include North-draining Suweileh in
that system or to leave it on the Seil Zarqa System. (A recent separate report,
superceding this Master Plan Report, haa been made on immediate improvement
program for Baqa'a Camp wutewater disposal.)
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TABLE 9-4

SUMMARY OF LOWER SElL ZARQA

WASTEV<\TER FACILITIES

Zarqa-Ruseifa Sukhneh Hashimiya
Item 1990 2000 1990 2000 1990 2000
-

Plant Capacity, 103m3/day 24.2 41.2 0.26 0.45 0.21- 0.39
Staff Requirements

Professionals 3 3
Line 19 19 0.5 0.5 0.5 0.5
Laborers 8 11 0~5 0.5 0.5 0.5

Treatment Plant Site
..0 Requirements, dun~ 244 244 73 73 62 62I- 19.2 32.9 0.26GO Average Flow, 103 m /day 0.45 0.21 0.39

Annual Energy, lOb kwh 1.34 2..06 Negl. liegl. Negl. Negl.
Collection System3

Trunk Sewers, kID 22 22 1.0 1.0 2.0 l.O
Lateral Sewers 269 474 3.6 5.6 4.0 6.0
Force Hains kID 3 3
Pumping Stations, No. of I 1

Developed Area Served
Dunums

PopUlation Served (l,ooo's) 272.5 419.7 3.6 5.6 3.0 4.8

Persons Served/dunum

a
Trunk sewers are considered the major sewers (primary network.) Lateral sewers are the smaller
sewers and may include sub-trunks, considered as the secondary network.
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Collection System Alternatives

The terrain and available space dictate a flravity collection system and sinlle
treatment, the latter beinl located in the welt-central Sqa'a Valley. It wu
previoully determined impractical and uneconomic to include the 1mall down
stream community of EJo Rumelmin in the SYltem by pumpinl back flow bam this
Community to Baqa'a Valley or locatinl the plant downltream of it. Er Rumeimin
il too Imall a population to be conlidered for public lewers in the propam,
althoqh, eventually (polt 2000) it milht have itl own plant.

The recommended collection Iyltem alternative for Baqa'a Valley il CB1, pavity
lewerl to a lillile tl'eatment plant, thil hu been Ihown in Fipre 8-3. The No
Pl'oject alternative il CB2.

Treatment AlternatiYel and Effluent Quality

The recommended project would Incorporate the rouahtna fllterl followed by
activated Iluclle proceu with anaerobic dlleltlon of Iludle. The plant lite II
located in slopinl terrain near the exit of Wadi Rumeimin bam the welt central
Bqa'a Valley. (See later commentl pertalnlDl to subsequent special Itudy for
Sqa'a Camp which relUlted in an acceleration of the Bqa'a Valley Treatment
Plant project, includtna a chaDIe In plant location.) Both terrain lImltatioDl - the
lite is within aD aplcultural area -and effluent requlrementl dictated a procell
havlDl the potential to produce hllh quality effluent. TrlckUIII filterl, foUowed
by polllhlni ponds would have uMd leu enerlY but more Ipace and would have
COlt more. The alternatiYel arel TBI -activated Iluclle; TBZ -add effluent
fOtration and denitrification u a 10Dl-term objective; and TB3 - No Project.
Effluent eventually wOl reach KIq Talal Reservoir.

The effluent quality anticipated for the altematlvel TBI and TB2 is u prevlou.ly
preMnted In Table 9-1.

Operational and Maintenance Alpects

The propoMd collection .,Item would require no pumplq but would operate by
paYity alan... The tr.atment proce.. would require careful operation and
maintenL1ce, th.M b.iDI n.c....y if the d.lired .fflu.nt quality II to be
produced reUably. Proj.ct.d atafflDl requlrementl for Baqa'a Valley facilitiel
aDd certain other relevant data are u follo.l:
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!!!!!.
Plant Capacity, 103m3/day
Staff Requirement.

Pl'ofellionall
Line
Laborert

Treatment Site R!Ctuirements, dunums
Averale Flow, 103m3/day
Annual EnerlY, 106 kwh.
CoDection SYltem

Trunk Sewer., km
Lateral Sewers, km
Force Mainl, km
Pumpilll Stations, number of

Developed Area Served, dunulDl
Population Served (000'.)
Persons Served/dUDum

By 1990

Z.8

3
3
6

Z.84
1.08

11.4
65.5

63.Z

By ZOOO

3.7

4
4
6

3.67
1.45

11.4
73.5

73.4

• EnerlY values at mid-point.it of periou, i.e., 1987 and 1995 respectively.

Beneficial Ose of Effluent and Digelted Sludle

It i. hoped that apicu1tural ini,ation with reclaimed .ater from the Baqa'a
Valley Treatment Plant would eventually become pOllible. The effluent would
have to be pumped, but the pumpin, lUts would not appear prohibitive, a the
potential ini,ation areu are .ithin Blqa'a Valley itself. SimU.,ly, anaerobically
di,elted Ilud,e potential appllcatioDi could be nearby for reforestation ad,
eventually, for qriculture appUcatiou.

Indultrial Watewater and Hard Detergents

A few apicu1tural food procelliq plants exist within Baqa'a VaDey and more may
develop in the future. Watewatert from such platslhould be required to be pre
treated in order to avoid exceu loacliDII, leuonal or other"i.., that could
overload the municipal plat. Harel deteraents are not anticipated to be a
sipificat problem.

WESTERN SUB-BASIN

Included within theM drainAie. are the municipal qltelDs of Salt, Fuheil/Mahil,
and Lower Wadi es Sir. The Salt systelD existl, and its evaluation wa presented
in Chapter 6. It wa found to be el..ntially adequate for year ZOOO conditioDl,
with only relatively minor modificatioDi bei. required. The other municipal
aylteml are proposed.

9-Z0 I
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Fuheis/Mui. FacUitiel

These two rural communitie. arfl partially contil\lou., but mo.t of the commun~·

tie. &l'e separated by a hill.ide. In Chapter 8 analy.i. wa. pre.ented which .howed
the mo.t co.t-effective collection altemative wu for wute,.'ater from Mahi. to
be pumped to a treatment plant near Fubeil which would .erve both communitie••
Thi. alternative, (CFt) i. the only alternative now beinl couidered, other than
the No-Project alternative (CFZ).

Treatment AlternaUve. and Effluent QuaUty 111e recommended alternative (TFl)
for Fubel. and Mahl. would incorporate extended aeration (a .impllfied lIIodifica
tion of activated Iludle). The 10Dl-rAllle objective alternative (TFZ) would
eventually incorporate effluent filtration and denitrification. No-Project i.
alternative TF3.

Effluent quality anticipated for the altemativel TFI and TFZ II u pre.ented In
Table 9-1.

Operation and Maintenance Agectl Extended aeration II relati.ely .imple to
operate, and the procell dilelt. mo.t of the .Iudle lOUd.. There would be one
pUlllpi. station in the collection ay.telll requirinl operation and maintenance.
Projected operational and maintenance requirelllent. and certain other relevant
data for the Fubeil/Mahi. facilitie. are as fo11ow'l

!!!!! By 1990 By ZOOO

Plant Capacity, 103m3/day 0.45 0.70
Staff Requirements

Profeaional.
Line 1 1
Labore,. 1 1

beatlllent Site R~uirements,dunums 4 4
Aver..e Flow, 103m3/day 0.45 0.70
Annual EnerlY' 106 kwh. 0.4Z 0.61

. CoUection Sy.telll
TruDk Sewen, kill 6.5 6.5
Lateral Sewe~., kill 7.4 lZ.0
Force MaiDa, kID 0.7 0.7
Pumping StatioDl, number of 1 1

Developed Area Served, dunulD.
Population Served (000'.) 6.7 9.5
PerlODI Served/DUDum

• Energy value. are at mid-point. of perioda, I.e., 1987 and 1995, reapectively.

Beneficial O.e ~f Effluent and Oile.ted Sludae Effluent from the Fuhei./Mahi.
plant would diacharle down the Wadi ez ZeitulD a tributary of Wadi Shu'eib upon
which Shu'eib Oalll and Reaervoir are located. Inumuch u rele.... from Shu'eib
Dam are uaed for poundwat.. recharle in the Jordan Valley, there would be
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indirect beneficial u.e of the effluent, even thouah the quality standard. for
drinkina water would not initially be met. There would be mode.t sludie
production from the extended aeration plant at moat. It would probably not be a
.ource of ciinificant quantitie. of sludae either for di.po.al or beneficial u.e.
Sludae could probably be used for tree nUL'.erie., if appropriate.

Indu.trial Wa.tewter and Hard Deterlent. The local cement plant (Fuhei.)
operatea it. own indu.trial wa.tewater treatment facUltie. and would not
di.charge into the municipal sy.tem. Other indu.trial wutewater lOurce. are
anticipated to be sipificant. Hard detergent. are not expected to repre.ent a
problem in the syatem.

Wadi es Sir

Lower Wadi e. Sir lie. within the We.tern Drainqe, while Upper Wadi e. Sir i.
within Seil Zarqa Drainaae, beina tributary by Iravity to AWSA'. propo.ed
UWATP. It wu mown in Chapter 8 that it would be uneconomical for Lower Wadi
e. Sir to ':e tributary, by pumping, to Seil Zuqa Drainllle. therefore, the
coDection alternative i. for a local plant for Lower Wadi e. Sir. It wa further
shown in Chapter 8 that it would not be co.t-effective for .uch local plet allO to
serve the small dowutream communitie. of El BUia and Iraq al Amin, aD,j
therefore, the recommended alternati.ve (CW1) involve. only Lower Wadi e. Sir.
The No-Project alternative i. CWZ.

Treatment Alternative. and Effluent QuaUty The recommended treatlDent
alternative for Wadi e. Sir i. the extended aeration modification of activated
sludae (TWl). The 10na-raDle objective alternative (TWZ) would be to incorporate
effluent filtration and denitrification. The No-Project alternative i. TW3.

Effluent quality anticipated for the alternaUve. TWI and TWZ i. u preHnted in
Table 9-1.

Operational aDd MaintenaDce Mect. The di.cu.iou previoUily preaented for
Fuhei./Mahil would be aenerally applicable to Wadi e. Sir u well. Requirement.
for O.M aDd certain other relevant data for the Wadi e. Sir facilitie. are a
followa:

9-ZZ
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5
ZZ

2Z.5

3
3
~

1.9
0.69

By ZOOO

1.9

5
20

Z
Z
~

1. Z
0.31

15.3

By 1290

I.Z

!!!!!
Plant Capacity, t03m3/day
Staff Requir.ment.

Profe••lonal.
Line
Labor...

Treatment Site R!Clulrement., dunulD.
Av.r.e Flow, 103m3/day
ADDual EnerlY, 106 kwh
Collection Sy.tem

Trunk Sewer., km
Lateral Sewer., km
Force MaiM, km
Pumpi. StatioDl, number of

Developed Area Ser.ed, dUDum.
Population Served (000'.)
PerlOna Served/DUDum

B.neficlal U.e of Efflu.nt and DIle.t.d Sluy. Effluent would dl.chul. down
the Waell e. Sir a trlbutuy of Wadi el Katreln, upon which Xafrein Dam and
Re..rvoir U. locat.d. Inumuch a r.I..... from Kafr.iII Dam ue u.ed for
Irrllatlon In the Jordan Valley, the.. would be Indirect beneficial 1118, of the
efflu.nt, ev.n thoup the quality .tadud. for drlnklnl water would not Initially
be met. There would be mode.t .Iuclle production from the .xtended a.ratlon
plant at mo.t. It would probably not b. a 10urC. of Ilplflcant quantiti.. of
Iludle either for diapolal or beneficial u... Sludle could probably be u.. for tr.e
nunerlel, If appropriat••

Indu.trial Wutewat.r and Hud Deterlent. Jndu.trial wat.wate. lOurC•• ue
anticipated to be Inliplficant. Hud d.t.rlent. ue not expect.d to ••p....nt a
probl.m in the Iy.tem

SOUTHWESTERN SUB-BASIN

Th. only .,It.m within the Southwe.tem aab-bain II that of the Municipality of
Na'ur. It wu determined in Chapter 8 that the only ftable alt••nati"e for
watewater collection wu for a local ..we. .yltem and t.eatment plant, thl.
b.Ina d••ipated u alternaU"e CNt. No-Project wa d••ipated a alternati"e
CNZ.

Treatment Altemati"e. and Effluent Quality The recommended treatment
alte.nati"e for Na'ur il the extended ae.ation modification of acti"ated Iludle
(TNl). Th. lonl-'anee objectl"e altemati". (TNZ) would b. to incorporate
.fflu.nt fUtration and d.nitrification. The No-Proj.ct alternati"e il TN3.
Effluent quality anticipated for the altemati"e. TNZ and TN3 il u pr.lented in
Table 9-t.
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Operational Maintenance Alpectl The dilcullion previoully prelented for
Fubeil/Mahil would be leneraUy applicable to Na'ur .1 well. Requirementl for
oacM and certain other relevant data for the Na'ur facmUel are u followis

B!!!!.
Plant Capacity, 103m3/day
Staff Requirementl

Profellionall
Line
Laborerl

Treatment Site R!CJuirements, dunuml
Averaae Flow, 103m3/day
AJmual EnerlY, 106 kwh
Collection SYlt~m

Trunk Sewers, km
Lateral Se"erl, km
Force MainJ, km
Pumpinl Stationa, number of

Developed Area Served, dunuml
Population Served (000'1)
PerloM Served/Dunum

By 1990

0.Z4

I
1
Z

0.Z4
O.ZZ

3.3
4.6

4.0

By ZOOO

0.48

I
1
Z

0.48
0.36

3.3
6.5

.EnerlY valuel are mid-points of periodl, i.e., 1987 and 1995, reapectively.

Beneficial UM of Effluent and Di,elted Sludge Effluent from the Na'ur Plant
would dilchule down the Wadi Na'ur a tributary of Wadi el Kafrein, upon which
Kafrein Dam and ReArvoir are located. ThUI, the commentl previoualy made for
Wadi el Sir/EI B..../Iraq el Amin facilitiel would allO apply to the Na'ur facllltiel
al "ell.

Indultrial Wutewater and Hard Deter,entl IDduatrial "utewater sourcel are
anticipated to be inupUicant. Ha:od deterlentl are not expected to repreAnt a
problem in the Iyltem.

SOUTHERN SUB-BASIN

There ue two "ute"ater IYltem8 within the Southern IUb-buins that of Sahab
and that of Abu Alanda/Khlrbet el Suq/Ju"eideh. Collection IYltem alternativel
for each of theA relpective Iylteml were found by lDalylil in Chapter 8 to be
mOlt cOlt-effective for joint community .."erl and sinlle treatment plut. ne
recommended collection IYltem alternativel ue CSI IDd CAA1, reapectively,
"hile the relpective No-Project uternativel would be CSZ and CAAZ.

Treatment Altemativel aDd Effluent auallty

Both the Sahab and Abu Alanda/Khirbet el Suq/Judweideh aylteml1l'e located in
gently rollilll terrain where it il practical to ule total containment type,
facultative 11100118 for treatment/dilpolal. Inumuch u dilpolal would be by
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evaporation from the multice1l1agooll.l, which would be lined to prevent leepage,
effluent quality would not be a conaideration. The lagoon. would, however, be
deliiDed to operate without nui.~ce.

Operation, Maintenance, and Milcellaneoul A'pflCt.

Table 9-5 .ummarizel the facUitiel for the Southern .ub-buin, thole of Sahab and
Abu Alanda/Khlrbet el Suq/Juweideh, re.pectively. Sahab Indu.trial City i. to be
the center of the are",'1 indultrial activity, and "ill have a .eparate treatment
plant, 10 Sahab et ai', ayltem would not be anticipated to be concerned with
indultrial watewater dilchargel. The .ame would hold true for Abu Alanda, et
al. Hard detergentl are not anticipated to po.e a problem for either ay.tem.

COST AlfALYSIS OJ' ALTDNA'11V'BS

The purpole of the COlt anly.i. i. to provide a common bui. for and comparilon
of the Hveral alternative. according to co.t under apecified conditional In order
to do 10 certain Ulumptionl are firlt made. The analysil then proceedl, and the
relUlting data are Uled in the ranking of alternativel.

ASSUMPTIONS

In order to compare the alternative. on a common bail, the following limplifying
aalumptlona have been made:

• Except u noted in the caR of certain AWSA project., all cODitruction
work iI to be provided in two Itage.:

- Flrlt Itage il to be activated in 1984 and lized for flow conditioDi
projected for 1990.

Second stage i' to be activated in 1990 and lized for flow conditioDi
projected for 2000.

• Capital outlay (project co.t expenditure.) i. to be incurred in lump aum.
for the two conaecutive st.el during 1983 and 1990, re.pecti'vely.

• CODitruction COlt. are obtained from the COlt curvel ditplayed in
Appendix J. Price levell are late 1980, for Jordan. (No .eparation of
local and foreilD COlt components il required for Icreenins purpORI).

• Project co.ts are taken u 150 percent of cODitruction co.t.. They
include baic construction work and additional expeDie. for: contin
geDcie., 1elal, engineering, IUl'veying and laboratory work, and for iDipec
tion and contract admiDiltration.

• Interest rate is 10 percent.

• Project life (comparable to repayment period) i: ZO yeu••
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TABLE 9-5

SUllfARy OF WASTEWATER. FACILITIES FOR SOUTHERN SUB-BASIN

Abu Alanda/Khurbet
Sahab es Suq/Juveideh

Item 1990 2000 1990 2000

Plant Capacity, 103.3/day 0.66_ 1.3 0.66 1.1
Staff Require.ents

Professionals
Line 9·5 0.5 0.5 0.5 :c
Laborers 0.5 0.5 0.5 0.5 >

Trea~nt Site Require.ents,dunu.s 87 147 190 190 fA
.0 o-i
I Average Flow, 103a3/ciay 0.66 1.3 0.66 1.1 lIS

N :a0-

Annual Energy, 106 kwh 0.004 0.010 (1.014 0.016 ."re
Collection Systea >

Trunk Sewers, 1aa 6 6 8 8 Z

Lateral Severs, g 12.8 14.8 17 17
Force Mains, b 1 1 1.2 1.2
Pu.ping Stations, number of 1 1 2 2

Developed Area Served, dun....
Population Served (ooo's) 11.0 16.0 11 15.3
Persons Served/Dun~

*
Energy values are at .id-points of periods, i.t., 1987 and 1995, respectively•

.I>
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• Depreciation t••traight line ba.tl.

• Sal',ale value lor wutewater treatm.nt plant., both II..t and .econd
con.truction .tag.a, i. n.llillble at the end 01 the proj.ct (y... ZOOO) and
can reuonably b. ignar.d.

• Pumpinl .taUon lil. i. ZO y..... Salv..e valu. at ye.. ZOOO may .al.ly
be Iinored lor the purpo.e 01 ranking alt.rnativ...

• Sewer Ule I. 40 ye.... Salvale value at y.u 2000 I. con.ld.r.d where
neceauy, on a pre.ent worth ba.l.. SalDe lor lore. main.

• No Ipeclal recoplUon need be taken of .en.ral co.t inllation in the
.tudle.. It I. auumed that intere.t rate and blllaUon ue e'HntiaUy equal
and therelore luture co.t. ue identical to pre.ent co.t. on a pre.ent
worth ba.i••

• Operation and maintenance (Ole M) co.t. lor wute.ater lacIUUe., pu
ticul..ly treatmdnt plant., are al80 P.II. to lat. 1980 price l.y.I••
Future enerlY co.t. ue taken to mcr.ue dlff.r.ntlaUy ov.r I.n.ral
mllation at four percent (",,) per annUID, compound.d oy.r time, b.lin
niDi in 1980. 11Ii. lpecilica1ly recopls.. the lDajor ilDpact of enerlY
co.t. on aflectiDi leneral inllation.

• Except for certain AWSA iDitanation., 'Rutewater flow. u. IllUm.d to
increue uniforlDly frOID 1983 to ZOOO, and flow-ulOciated OleM co.t. ar.
allG ulUmed to increull uniformly.

• Mid-.t..e OleM co.t. are taklln u repre.entati". ·.)f eacllenti•• COD8truc
Uon It..e. 'l'hu., repreHntative O&M COlt. ~~or 198'7 a,e UlUmecllor the
fi..t construction .ta,1I and thOle of 1995 lor the .econd con.truction
.t..e.

e All capital ad OleM co.t, ue conYe,ted to lDDual co.t. and related to
nUlDbe.. of pe'loDi ..rved by the lacilitie., in order to proYlde a common
bul. for compullOn.

COST ANALYSIS OJ' AWSA FACn.1TIES

It hu been e.tabU.hed prevloUily that the AWSA laclUUe. will require expanalon
at a early date, due to continuilll Irowth and ImpeDdilll o"erload of the AGTP.
11Ie co.t. auoclated with the.e laciUUe. ue dilplayed in Table 9-6 tOleth.r with
an analy.i. of tbe data accordilll to the population benefitted.

Special Couideratio. for AWSA FacUitie.

UnUke othe, project. belnl con.ldered herein, AWSA'. lY.tem inyol"e. an exl.tlnl
prilDary network, a fai,ly well developed .econduy network, and an exl.tI..
treatment plant. It allO entail. an exi.tllll population which II currently beinl
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~ a.L1SU OP~ ncILftIIlS Pea 1990 aad 2000~.

'1~b JSrPc faftcl ..... . r r.-.u.9 i..t.s-rsb 'inaui iP.Stas. '!UtA!. S,sbM ..

C'oIhc:t:.iaa AU:. au J"----
1990 5enice PapID. 1.000 495 97 - - - - - 592
1990 ca.u. l.f1OO .JD

ea-tzuct:tca 11.863 1.970 - 106 112 3.279 1.023 18.353
PEaiect: 17.795 2.955 - 159 168 ".919 1.534 27.530
~c.pital 2.091 347 - 19 18 535 169 3.119
AIIDgd 8DuV ]61 91 - 10 - - - t62
Other a.t. 0 5 • 950 92 - - 17 1 16 5 1,081

5ii -- 46 19 5S~ _ l7i'IbUl....u 3.012 - ..,'722
........ ,JD Per c.pital 6.9 5.5 - - - - - 8.0
2000 SeEYice Pap'D. 1.000 789 210 57.t - - - - 1.573
2000 a-u. 1.000 .JD i:
~ 3,050 4.010 15.600 - ]I .9.613 701 D,OSS >
hoject: ".575 6.CM5 23.400 - 47 14•.c65 1.052 49.584 02

.0 a-J. c.piUl 2.628 1.058 2.750 19 23 2.109 28l 8,tnO tool
• ~- lllJ

N Aaaual DIeqy 291 250 325 l.l - - - J 877 :d• Otber AIuIual 0 & • 1,015 136 855 11 1 64 9 1,979 "a
'I'aQl a..ual 3.9l4 1....... 3.910 U H 2.173 "292 11,838 t""

JIImual .JD "-r c.ptta 5.0 6.9 6•• - - - - 7.5 >
Z

C'ou.cuc. Alt. C'A2
1990 5eI:Y1cIe I'ap!D. 1.000· 592 - - - - - - 592
1990 ca.u. 1,000 .JD

OWWta:iii:idca 14,500 - - 106 112 3,279 1.143 19.340
hoject: 21.750 - - 159 168 4,919 2.014 29.010
--.al c.pital 2.556 - - 19 1. 535 219 3.:JC7
a-al ...... ...... - - 10 - - - .cs.c
Otber ........ O&. 1,015 - - 17 1 16 "1 1,0S6-- -- 46 19 55i" 226'I'aQl~ ...015 - - ..,857

...... om Per c.pita 6 •• - - - - - - 8.2
2000 5en1ce _ID. 1.000 781 - 792 - - - - 1,573
2000 ca.u. 1.000 .JD
~ 380 - 19.600 - 11 9.6.cl 7..9 3O,.cDl
PE'oject 570 - 29,.coo - .t7 1....c65 1.12" 45,606
a-al c.pital 2.623 - 3.45~ 19 23 2.109 141 8.570
~ ...... 291 - 457 11 - - - lS9
Otber a-J. 0 5 • 1,015 - 1,203 11 1 M 11 2,lOS-- -.r 2i '352'IbUl AIBIa1 3.929 - 5.115 2,173 11,634
~ .JD Per capita 5.0 - 6.5 - - - - '1.4,.

•



TABLE 9-6 . '.. ont' d)

a Por 1990 data. only ~e incremental populations to be served and incremental fac±lities are included. These are ovel:' and above the 1980
connected population, estimated at about 280.000 persons, and the existinq primiuy and secondary sanitary net1llOrk. HO'iolever. all operatinq
and lIilintenance costs for the total AG'fP operation axe included. SeEl,discussion•

..-""it

b Collection Alternative CAl involves ccnstruction c.f UWATP and aiversion of IIIDst of the flow originating westerly of ADaan, thereby reducing
the need for construction of relief trunk sewers in the ANSA primary neblork as well as for additionai. capacity in both AGTP and KRTP.
Collection Alternative CA2 does not include UWATP at all.

c AGrP does not require any additional. plant site area. Under CAl, the plant capacity 1lIOuld be 60,000 cu m/da by 1990 and 75.000 cu m/da
by year 2000. Under CA2. the AGTP capacity 1lIOuld be 75,000 cu m/da by 1990 as well. as for year 2000.

d UWATP 1lIOuld be built under CAl only and vowd' involve 8.000 CU Ill/da initial capacity. adeq1ate for 1950. ~d 22.000 cu m/da total capacity
for the second· staqe. adequate for year 2000. The cost of land is included in the project cost.

-.0
I

N
-.0

e lCRTP would be required under either CAl or CA2 after 1990 in capacities of 54.000 and 76,000 cu m/da, respectively.
in project cost.

!and cost is included

- ~

~

;/

f Pullping stations are for north-draininq SUlileileh. Initially three stations would be used.- but follovinq 1990. one of these would be retired
and a new force _in activated to direct the flow souther1y ipto a new qravity trunk seliler dra±n±nq southern SmIe±leh. l<HMC and vicinity to
UWATP. The tota1 paping via this arrangement would be less than by the initia1 arrange.ent.- .

CJ A new length of force uin would be required after 1990 for north-draining SUlIIei1eh.

h Latera1 sewers inc1ude those needed for the new populations to be served. Inaslluch as~ surplus lateral seliler capaci'ty already exi.-sts in
the ANSA net1llOrk, this itea is less ac.ewflat of a cost factor than for other pJ!'ojects else1llhere.

i Trunk sewers include relief trunks withh AIiSA"s net1llOrk as well as new ones for outside areas to be served for. the first tilE. Under CAl
there is less fleed for trunk sewer relief than under CA2.

j Total costs o~ incre.!ntal facilities (but all 0 Ai H costs fall AG'l'Pl. and total iDc~tal populatjQn served ~e Usted. Annual cost~
capita is based on ·incr~tal costs and incrementa1 population. Captt:al. cost o~ ourently.pioqr~ sludge facilities expansion is not
included in the data. although 0 Ii M costs are included. To include the annual c3pital costs. add about JD 400,000 per year. The effects
of doing this are not _jar. It can be seen that frc. the cost standpoint and within the level of accuracy of the estimates, CAl and CA2
are essentially equal.. and the selection -.ty propeZ'lY be _de on other bases.
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sel'ved. A much greater futUl'e population will be sel'ved, both within Amman and
out9ide of Amman, and this will I'equil"e gl'eatly expanded tl'eatment facilities,
some sewer expansions within Amman, and new tl'unk and lateral sewel's in areas
sUl'rounding Amman.

Considel'ation was given to two altel'native methods of expnssing costs and
benefitted populations. These were fol' total costs/total populations and for
incremental costs/incl'emental populations, I'espectively. As explained below, it
was detel'mined to be fail'est to use the method of incl'emental costs/incremental
populations.

To begin with, the cunent population served (1980) is estimated at about Z80,000
pel'sons as compared with an incl'emental population served of about 59Z,000
persons by 1990 and 1,573,000 pel'sons by year ZOOO. Thus, the existing sel'ved
population is about 3Z pel'cent of the total 1990 population and about 15 pel'cent
of the total year ZOOO population. Howevel', the existing investment in AGTP,
primary netwol'k (uunk sewers), and secondal'Y netwol'k (latel'al sewel's) is
I'elatively small in compuison with the investment yet to be made fol' the
Implementation Phase I and subsequent phases catering to the needs for year
ZOOO. It was difficult to determine the exact CUl"rent investment in utility plant
cOl'l'esponding to the cUl'l'ent sel'ved population, but it is believed that this is in
the ol'der of JD 6 million. Of this, it is undel'stood that ovel' 80 percent is in the
network and less than ZO pel'cent in AGTP.

Most of the investment in netwol'k and AGTP was made many yeus ago when
conatl'uction co,ts wel'e much lowel' than they are now. FUI'thermol'e, the
facilities probably have an avel'age age of at least 10 yeus and are all'eady
putially written off. Ignoring this aspect, it might appeu that the existing
investment of, say, JD 6 million is less than 10 percent of the existing investment
plus future investment for 1990 and year ZOOO phases (Table 9-6, laet column,
showing about JD 17.1 million total pl'oject costs fol' these two phases, Alt. CAl,
expressed in late 1980 prices). It can be concluded that the new investment is
I'elatively lal'ge with I'espect to the new population to be served. This can be
illustl'ated by the following comparison, which expl'esses capital investment in
terms of benefitted population according to the alternatives of total values and
incl'emental values, I'espectively, on the basis of yeai' ZOOO conditions:
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Total Investment,
JD million

Existing
FutUl'e

Totd

Total Population
Millions

Existing
FutUl'e

Total

Ratio, Investment/
Population

MASTERPLAN

Total Cost/
Total Population

6
77.1
83.1

0.Z8
1.57
1.85

Incremental Cost/
Incremental Population

77.1
77.1

1.57
1.57

By selecting the incremental cost/inCl'emental population method for Phase I, in
Table 9-6 and subsequent tabnlatia4s herein, the relative cost/benefit advantages
of the existing AWSA system over new proposed systems tend to be minimized.

It is noted that the existing served population of about Z80,000 pel'soDS is
conuibuting a now to the plant of about ZI,OOO cu m/da and that this is roughly
equal to the effective capacity of the existing AGTP main Focess (see Chaptel's 6
aad 8 for additional technical analyses). In othel' words, the additional population
would I'equire additional facUities anyway; thus, the incremental cost/incl'emental
population method would appeal' puticulal'ly valid bom this standpoint.

Table 9-6 does not include the investment coats of the I'ecently tendel'ed sludge
facilities expansion at AGTP but it does include the OleM costa for the entil'e
plant, including existing, new, and futUl'e sludge facilities, and this does reflect
th~ impact of sludges discharged into the primal'Y netwol'k from UWATP.

11 the annual capital cost of these facilities were to be added to the totals, the
total annual costs for the total system would riae by about JD 400,000 01'

approximately 8 percent fol' 1990, Alt. CAl, the moat Cl'iticalsituation. Thus, the
effects of including the programmed sludge facilities expansion in the analysis ue
not majol'.

Coat Analysis for Southel'ly Diversion of UWATP Effluent

A brief investigation was made into the possibilities of diverting up to about
7,000 cu m/da of UWATP effluent lOuthel'lyacrols the watel'shed divide and into
eithel' the headwaten of Wadi el Qastal 01' Wadi Hisban. As indicated eal'lier, an
effluent pumping station would be requil'ed. In addition to a stol'age tank on an
intervening summit along the pipeline, there would probably be a need for some
regulatory stol'age at the plant site itself. In this way, the diUl'nal val'iatioDl of
influent flow at UWATP could be accommodated and very little effluent lost. The
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importance of such local storage would be diminished when the plant was enlarged
and flows increased.

The preliminary figures for the pumping and transmission facilities are presented
in TabJe 9-7.

TABLP:9-7

COST ANALYSIS FOR soutHERLY DIVERSION OF
UWATP EFFLUENT VIA PUMPING

!1!!!!
Construction Cost, 1,000 JD

Pumping Station

Force Main
Storage

Gravity Pipelines:
(1) To Wadi el Qastal

(Z) To Wadi r~: lban

Project Cost, 1,000 JD

Pumping Station

Force Main
Storage

Gravity Pipelines:
(1) To Wadi el Qastal
(Z) To Wadi Hisban

Value

70

115
100

Z07

Z96

105

173
150

311
444

Remarks

Sized for 180 percent of
7,000 cu m/da

Plantsite plus summit tank
or reservoir

Shorter run but greater
diameter tban (Z)
An alternate to (1)

Assumes 150 percent of
construction cost

Altemative to (Z)
Altemative to (1)

Annual Capital Cost, '-,ODD JD

Pumping Station
Force Main
Storage
Gravity Pipelines:
(1) To Wadi el Qastal
(Z) To Wadi Hisban

1Z.3 ZO-year life
18.8 40-year life
16.3 40-year life

33.8 40"'year life
48.3 40-year life
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~ Value Rem8l'ks

Annual OllcM, 1,000 JD

Pumping Station Energy Z3.7 ~e8calated

Other OacM
Pumping Station 7.7
Force Main 0.6
Storage Z.4

Gravity Pipelines:
(1) To Wadi el Qutal 1.0
(Z) To Wadi Hisban 1.5

Total System

For (1) (Wadi el Qutal) 35.4 No energy escalation incl.
For (Z) (Wadi Hisban) 35.9 No ~:lergy escalation incl.

Total Annual Cost

For (1) (Wadi el Qutal) 116.6
For (Z) (Wadi Hisban) 131.6

Total Unit Cost for Z.56 MCM/yr For 7,000 cu m/da flow

For (1), FUs/<:u m 45.5
For (Z), FUs/eu m 54.4

If energy escalation, say to 1987 levels, were included, the total annual cost would
rise by about 1,500 JD/yr. If the escalation were to 1995 levels, the total aDDual
cost would rise by about 19,000 JD/yr. This would make the unit costs for (1) rise
to about 48.5 and nearly 53 FUs/eu m for the respective escalations. For (Z), the
corresponding numbers would be about 57 and 6Z Flls/eu m, respectively.

If added flexibUity were desired by providiDg capabilities for diverson to both
Wadi el Qutal and Wadi Hisban, the unit cost would rise by about 10 Fils/eu m
from the previously cited figures. Thus, the range of unit costs for transmission
of 7,000 eu m/da of effluent across the watershed divide to the south is roughly in
the range of 50 to 70 Fils/cu m.

COST ANALYSIS OF SUKHNEH AND HASHlMIYA FACILITIES

Table 9-8 presents the costs analysis of Sukhneh and Hashimiya facilities.

COST ANALYSIS OF NORTHWEST SUB-BASIN FACILITIES

The wastewater facilities of the Northwest Drainage are those serving the Baqa'a
Valley, and the ~ost analysis for them is as presented in Table 9-9.
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TABLE 9-9

COST ANALYSIS FOR BAQA'A VALLEY FACILITIES

!!!!! By 1990 By zoon

Service Population, 1,000 89.8 103.Z

Construction Cost, 1,000 JD
Lateral Sewers 1,943 Z31
Trunk Sewers 416
Treatment Plant 1,100 61Z

Total 4,059 849

PJooject cost, 1,000 JD
Lateral Sewe!'s Z,91S· 356·
Trunk Sewers 6Z4
Treatment Plant Z,550 918

Total 6,089 1,Z14

Annual Capital Cost, 1,000 JD
Lateral Sewers 311 356

. Trunk Sewers 68 68
Treatment Plant 300 401

Total 685 831

Annual 08cM Cost, 1,000 JD
Collection System 1Z 13
Treatment Plant

Energy 63 94
Other 63 93

Total System 138 ZOO

Total Annual Cost, 1,000 JD 8Z3 1,031
Total Annual Cost, JD per Capita 9.Z 10.0

• Including local sewers in Baqa'a Camp

COST ANALYSIS OF WESTERN SUB-BASIN FACn.rrmS

Table 9-10 presents the cost analysis of the wutewater facilities for the Western
Drainages, those of Fuheis/Mahis and Lower Wadi es Sir, respectively.

COST ANALYSIS OF SOUTHWESTERN SUB-BASIN FACILITIES

The cost anlysis of the wutewater facilities for the Southwestern sub-basin, those
of Na'ur is as presented in Table 9-11.
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Item

TABLE 9-10 (Cont'd)

FUheis/Hahis
1990 2000

Lower Wadi es Sir
1990 2000

-0
~
-.a

6:<

Annual 0 I H, I,OOO.JD
Treatment Plant

Energy
Other

Total

Total System

Total Annual Cost, 1,000 JD

Total Annual Cost. JD per Capita

20.4 40.2 16.1 48.6
10.0 10.2 10.5 11.0

--
26.6 59.6 =::30.4 50.4 >en35.3 56.6 30.4 63.7 ~

tzJ
134.7 167.5 231.1 327.0 ::d

Iod
20.1 17.6 15.1 14.• 5 t'"

>
:t!:

~ ff. -- ,.
I
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TABLE 9-11

COST ANALYSIS FOR NA'UR WASTEWATER FACILITIES

Item By 1990 By ZOOO

Service Population, 1,000 4.0 6.9

Construction Cost, 1,000 JD
Lateral Sewers 137 56
Trunk Sewers 94
Treatment Plant 70 60

Total 301 116

Project Cost, 1,000 JD
Lateral Sewers Z06 84
Trunk Sewers 141
Treatment Plant 105 90

Total 45Z 174

Annual Capital Cost, 1,000 JD
Lateral Sewers ZZ.4 31.6
Trunk Sewers 15.3 15.3
Treatment Plant lZ.3 ZZ.9

Total 50.0 69.8

Annual 08cM Cost, 1,000 JD
Collection System 1. Z 1.4
Treatment Plant

Energy 11.3 ZZ.4
Other 9.Z 9.8

Total 50.0 3Z.Z

Total System Zl. 7 33.6

Total Annual Cost, 1,000 JD 71.7 103.4
Total Annual Cost, JD pel' Capita 17 .9 15.0

~ COST ANALYSIS OF SOUTHERN SUB-BASIN FACILrrmS
j

Table 9-1Z presents the cost analysis of the wastewater facilities for the Southern
Drainage, notably those of Sahab and of Abu Alanda/Khurbet es SUq/Juweideh,
respectively.

ENVIRONMENTAL ASSESSMENT

An early determination of the possible environmental effects of a proposed
project serves two purposes.
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TABLE 9-12

COST ANALYSIS OF SOUTHERN :SUB~BASIN FACILITIES
Abu Alanda/Khurbet

Sahab es Suq/Juweideh
Item 1990 . ·2000 1990 2000

Service Population 1,000 11.0 16.1 11.0 15.3
Construction Cost 1,000 JD -Lateral Sewers 380. ·59 504

Trunk Sewers. 169· 226
Force Mains 22 26
Pump Stations 15 18
Treatment Plant 142 122 148 22

Total 728 18t" . 92i' 22

Project Cost, 1,000 JD
Lateral Sewers 570 89 756
Trunk Sewers 254· 339
Force Mains :n 39
Pump Stations 23 27
Treatment Plant 360 183 222 33

Total 1,240 272 1,383 33

Annual Capital, 1,000 JD
Lateral Sewers 62·0 7107 '82.3 82.3
Trunk Sewers 27.6 27.6 36.9 36.9
Force Mains 3.6 3.6 ~.2 ~:~Pump Stations 2.7 2.7 .2
Treatment Plant 42.3 63.8 26.1 30.0

Total 138.2 169.4 152.7 156.6
Annual 0 &M Cost, 1,000 JD

Sewers and Force Mains 2.9 3.2 3.8 3.8
Pump Stations

Energy 0.2 0.7 0.7 1.1
Other 0.1 0.1 1.4 1.4



Item

Annual ° & M Cost, 1,000 JD
Treatmellt Plant

Energy
Other

Total

Total System

Total Annual Cost, 1,000 JD

Total Annual Cost per Capita

MASTER PLAN

TABLE 9-12 (Cant 'd)

Sahab
. '1990 '2000
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• It provides information on environmental costs and benefits that is used in
the selection of a preferred alternative from among the available project
options.

• It allows identification of needed mitigation of adverse impacts when
changes can most easily be incorporated into the project planning.

AFFECTED ENVIRONMENTS

The Study Area has been defined in Chapter Z and the socio-economic conditions
have been described in Chapter 3. Public health considerations have been
discussed in Chapter 4. Reference is made to Chapter 5, 6, and 7 for amplifying
information on environmental resources, for which a summary is presented herein.

Water Resources and Demands

The Study Area lies near the western edge of the Syrian Desert (Badiet esh Sham)
and has a dry, arid climate. Average annual rainfall varies from a high of about
600 mm between Salt and Suweileh to a low of less than 100 mm at the eastern
edge of the Study lU'ea.6 Most rain occurs from November through April, and
;:Jmost none falls from June through September. Evaporation rates are signifi
cantly higher in the east than in the west.

The major surface water features in the Study Area are the Seil Zarqa, its
tributaries, and the King Talal Reservoir. Two other wadis have regulatory
storage in the Jordan Valley. These are the Wadi el Kafrein (Kafrein Reservoir)
and Wadi Shu'eib (Shu'eib Reservoir).

The Seil Zarqa and the numerOus lesser wadis in the area have low flows or are
dry during the summer months. Surface water is generally unavailable in usable
amounts during this period except for a number of local springs, water from the
King Talal and Kafrein Reservoirs, and effluent from the area.'s sewage treatment
plants (Ain Ghazal, Salt, and the King Hussein Medical Center).

Because of the intermittent availability of most surface waters, groundwater
aquifers supply most of the Study Area's current water needs and essentially all of
its non-agricultu~a1needs. The area overUe" a!l or part of six surface catchment
basins and six roughly corresponding groundwater subdivisions (Figure 7-4).

Most groundwater used in the area is extracted from two aquifers underlying the
Amman-Zarqa Basin and is used for domesti-:: or industrial purposes in the
Amman-Zarqa municipal area. A water resources consultant estimated that 40.6
MCM of water were extracted from these aquifers in 1976, which accounted for
about 77 percent of the basin's total water needs.5 About 69 percent of this
extracted water was used for domestic or industrial purposes and the remainder
for agriculture.

Studies indicate that these aquifers are being used near or above their maximum
long-term potential. Although, the upper aquifer was somewhat underexploited,
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the lower aquifer was being mined at the rate of about 5.4 MCM/yr in 1~'765 and
was experiencing water lev~l declines of about 10 meters per year.4

As an illustration of the potential for increased water shortages, annual water
needs for the communities overlying the Amman-Zarqa Basin have been projected
to increase from an estimated 6Z MCM in 1990 to about 106 MCM in ZOOO (data
from Table 5-6). Since groundwater supplies will fall far short of these
requirements, it will be necessary to import water from sources outside the basin.
Projects currently under way will bring domestic water supplies to Amman from
Azraq, a desert oasis about 8S kilometers from Amman, and from the Qastal area,
about Z5 kilometers south of Amman. Additional developments are also being
made for bringing water to Amman from the East Ghor Canal for domestic use.

Agricultural and Silvicultural Resources

Chapter 7 has presented selected data pertaining to agriculture within the
Greater Amman area. The greatest source of crops is the Jordan Valley, where
the climate and availability of irrigation water permit multiple cropping of a wide
variety of field crops and fruits in addition to livestock raising.

Crops are also grown in Baqa'a Valley, along some of the wadis, and in various
plateau areas. Raising of sheep and goats is fairly widespread. Irrigated
agriculture in plateau areas is relatively limited.

Agriculture remains 8.Tl important part of the Jordan economy. Jordan's cultivable
land has been called its principal natural resource,6 Water is the chief limiting
factor for agriculture in JOl'dan.6 Within Amman Governorate, the nature of the
topography is such that 60 to 65 percent of the total area could be used for
agriculture or urban purposes. Much of the remaining 35 to 40 percent of the land
has been designated as open grazing land and is utilized throughout the year.

Jordan was once the site of exteneive forests, particularly west of the Syrian
Desert. Over the years, however, these forests were nearly eliminated as a result
of logging for construction of the Hejaz Railroad, for industrial fuels, for military
purposes, and by assortE'td activities. Extensive grazing by livestock may have
contributed to the diminished silvicultural resources.

There is now concern over the seeming advance westward of the Syrian Desert.
There is also concern over the great erosion potentials of the many treeless
expanses of watersheds leading to Jordan Valley reservoirs, such as King Talal,
Shu'eib, and Kafrein. These concerns have prompt~d interest in reforestation in
critical areas as a possible long-range program that might involve wastewater
treatment plant sludge use as well as reclaimed effluent.

Forests today cover less than one percent of the total area of Jordan. The Forest
Department controls about 131,500 hectares designated as forest land, but the
actual forested area was thought to be only about 36,000 hectares as of 1964.6
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The northern highlands (within Greater Amman Area) and the southern highlands
(outside this area) are the tW() main areas of forest growth. Although both areas
are degraded, rainfall conditions in the northern area make forest regeneration
mOl'e feasible than for the sou1th.

Energy Resources

Jordan does not possess fossU fuels naturally. A hydroelectric powerplant is
planned for King Tala.l Reserv'oir, and other hydro developments may eventually
occur. Most energy is importEld at present. Quite natuJ:"ally, there is considerable
interest in the prospects of f:iolar energy in view of the abundant sunshine in
Jordan. Energy limitations require careful weighing of energy impacts in
wastewater management alterl'latives.

Archeological and Historical Resources

Jordan is rich in arechaeoloi:ical and historical resources. The land contains
evidence of human habitation dating back as far as 100,000 years, and settlements
have existed in the area for about 9,000 years. There are major archeological
sites' from the Neolithic Pe:~iod, the Bronze Age, the Hellenistic Age, the
Nabataean civilization, the Roman Period, the Byzantine Empire, early Islam, the
Crusades, and the Turkish occ'Llpation.6 The land and the people of the area have
played a significant role in the development of modern civilization, and in the
development of three of maIl'S major religions. The cultural resources of the
country provide evidence that is important not only to Jordan, but to the entire
civilized world, in understandiJ:lg its heritage and traditions.

Jordan contains some 800 known archaeological sites, and more are added to this
list each year. Fewer than fi"e percent of the known sites have undergone major
excavations. The country recognizes the iU:Jportance of these cultural resources,
and is making efforts to prote,ct them. Major threats to the sites include looting,
especially for illeg6.1 sales to tourists, and losses to modern development.

Bio tic Resources

Jordan's natural biotic regiorts are described in the Library of Congress Draft
Environmental Report. The Study Area embraces part of thl'ee of these regions.

Centuries of human disturballces, however, including agricultuare, hunting, de
forestation for lumber and fuel, grazing by domestic animals, and fire, have left
only small remnant populations of these original biotic communities. Remaining
plant and animal species are those adapted to introduced conditions, including
extensive soil losses resulting from erosion and overgrazing, and reduced soil
water-holding capacity. Large areas exist that are denuded of most vegetation,
and areas where irrigation is practiced often contains weeds associated with
agricultural crops. Efforts are being made to reforest parts of the countl'y, and
this may result in extensive biotic changes in some areas in the future if
secondary vegetative species and new faunal communities become established
following planting of trees and shrubs.
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No recent compilations of faunal species exist for the Study Area. The sites
'recommended for wastewater treatment plants or plant expansion are all in
disturbed areas and contain no significant natural communities. The sites have all
been recently used for agriculture or grazing except for the Ain Ghar.al expansion
area, which has been heavily disturbed by activity associated with the treatment
plant. All areas to be sewered have been heavily disturbed by previous urban
development.

Riparian and aquatic associations in the wadis and. streams that will receive
effluent discharges reflect similar human disturbances, including changes caused
by the construction of dams and previous discharges of effluent or other urban
wastes. Little information exists on species surviving in these areas. Observation
on the Zarqa River just upstream of King Talal Reservoir in 1979 indicated high
levels of algal growth, no fish, and low diversity of aquatic insects.6

The King Talal Reservoir is presently in a highly eutroph~.c condition, partially as
a result of wastewater discharges (industrial and domestic) and irrigation return
flows.4 Aquatic species are liD;lited to those characteristic of such disturbed
conditions, IAotably heavy j)hytoplankton blooms. No information is available on
aquatic species in the Shu'eib and Kafrein Reservoirs.

Endangered Species

No endangered species of animals are known to inhabit the Study Area. Only one
Jordanian animal appears on the U.S. Fish and Wildfire Servir.e's list of. Endan
gered and Threatened Wildlife and Plants. This is the Arab~;.m Ostrich (Strithio
Camelus Sryiacus}.6

Soil Resources

Soil resources have been described in Chapter 7, briefly. Soil erosion has been
identified as a severe problem in certain areas of Jordan.6 This condition arises
from overgrazing, deforestation, and improper land use, particularly impr~per

farming methods. Soil erosion leads to reduced land productivity and siltation of
reservoirs. In the catchment area for King Talal Reservoir, about 9S percent of
the land is said to be affected by sheet erosion resulting from over-g!':lzing,
cultivation, and lumbering.

Air Resources

Air quality in the Greater Amman Area is generally good. Meteorological
conditions favor good quality by dispersing or diluting possible pollutants.6 This
aspect is of interest in local areas with respect to potential wastewater treatment
plant activities.

ENVIRONMENTAL ISSUES

Recently adopted USAID guidelines on environmental documentation7 stress
consideration of environmental effects of the project along with cost and other
engineering matters. This discussion therefore emphasizes such considerations.
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The new guidelines also provide a means for focusing the effort of the analysis on
significant issues. In accordance with these guidelines, a scoping meeting was
held during the initial stages of the project to focus the effort of this assessment
on those areas of greatest potential environmental concern. These areas of
concern were determined to be: water resources, public health, agricultural and
silvicultural resources (with regard to the use of reclaimed effluent and sludge),
and energy resources. Areas of lesser concern were identified as: archaeological
and historical resour~es, biotic resources, land use and growth inducement,
treatment plant odors, and construction impacts. The discussions in this chapter
of existing conditions and potential impacts reflect in their level of detail the
issues identified in the scoping meeting. Minutes of the scoping meeting and the
approved Scoping Statement are contained in Appendix C.

PURPOSE AND NEED FOR PROJECT

The lack of adequate water supplies is one of the major problems facing planners
in the Study Area. The region has grown rapidly in recent years as a result of past
conflicts in the area and resulting influx of people. The Greater Amman Area
now contains about 6Z percent of East Bank's population. About 80 percent of this
area's population is served by the AWSA municipal water system.8 Water is
allocated on an intermittent basis, however, and flow is provided to many
neighborhoods only once or twice a week, even during relatively wet years.
Elsewhere in the Study Area, the Water Supply Corporation supplies water to
communities. Frequently, this is on an intermittent basis.

Amman's water supply is cUl'~ently derived primarily from wells fed by the two
aquifers that underlie the city. Other communities also rely on those aquifers as
well. The quality of the watel' in these aquifers has been significantly affected by
pollutants from the municipal area. This is particularly true of the areas
downstream from Amman. Sources of this municipal pollution include leachate
from cesspools, leachate from liquid sludge disposed of at the municipal refuse
dump, effluent from the Ain Ghazal Plant that percolates through the Seil Zarqa
riverbed, and industrial discharges.

Another source of water contamination is backsiphonage of cesspool leachate into
water distribution pipes. Loss of pressure occurs in the pipes when flow is shut
down during intermittent operation, sometimea causing leachate to be drawn from
the soil into the watl!r pipes.

Expansion of the Amman sewer system in recent years and recent construction of
the Salt wastewater collection and treatment facilities have prevented some
pollution of the aquifers that would otherwise have occurred in Amman and
elsewhere. The basic purpose of the project being evaluated here is to contin'ue
reduction of pollutant discharges to the aquifer system through further expansion
of the area's sewer system, through construction of new sewer systems and
treatment plants, through upgrading and expansion of the Aid Ghazal Treatment
Plant, and through improved handling and disposal of sewage sludges and industrial
wastes. A corollary purpose is to upgrade surface water quality where it is
currently adversely affected by effluent discharges.
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Chapters Z through 7 of this report contain a more detailed discussion of water
quality problems in the Amman area and of project objectives.

PROJECT AND NO-PROJECT ALTERNATIVES

Development of a Master Plan for wastewater disposal involves consideration of a
large number of optional approaches and techn;1ues. These alternatives can be
grouped into the following categories: wastewater collection, wastewater treat
ment, sludee dewatering, effluent use/disposal, and sludge use/disposal.

Since the most appropriate treatment system and disposal methods might vary
from locality to locality within the Study Area, alternatives are grouped by
drainage areas or sub-basins. Detailed descriptions of each alternative an
discussion of options rejected for consideration as alternatives are included in
Chapter 8. General locations of treatment plant sites and their cor:'esponding
service areas are indicated in Figure 9-3.

Wastewater Collection Alternatives

Chapter 8 contains descriptions and analyses of various collection alternatives,
including the bases by which certain of these were rejected from further
consideration. Engineering analyses of surviving alternatives appear earlier in
this chapter. The wastewater collection alternatives to be considered herein are:

Amman/Zarqa-Ruseifa (Seil Zarqa Sub-Basin)

• Alternative CAl. Proposed action. Expanded sewer system with four
t!"eatment plants: AGTP, UWATP, KRTP and ZRTP.

• Alternative CAZ. Expanded sewer system with three treatment plants:
AGTP, KRTP, and ZRTP.

• Alternative CA3. No-Project. No sewer expansions beyond those now
planned. Two plants: AGTP and ZRTP.

Sukhneh and Hashimiya (Seil Zarqa Sub-Basin)

• Alternative CASI. Sewers for Sukhneh plus a treatment plant.

• Alternative CASZ. No-Project. Continued use of cesspools.

• Alternative CAHI. Sewers for Hashimiya plus a treatment plant.

• Alternative CAHZ. No-Project. Continued use of cesspools.

Baqa'a Valley (Northwest Sub-Basin)

• Alternative CBI. Treatment plant and sewer system serving Baqa'a
Valley.
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MASTER PLAN

• Alternative CBZ. No-Project. Continued use of cesspools.

Fuheis/Mahis (Western Sub-Basin)

• Alternative CFI. Proposed Action. Sewer systems for Fuheis and Mahis.
One treatment plant serving both communities.

• Alternative CFZ. No-Project. Continued use of cesspools.

Lower Wadi es Sir (Western Sub-Basin)

• Alternative CWI. Proposed Action. Sewer system for lower Wadi es Sir.
One plant.

• Alternative CWZ. No-Projp..::t. Continued use of cesspools.

Na'ur (Southwest Sub-Basin)

• Alternative CNI. Proposed Action. Sewer system and treatment plant.

• Alternative CNZ. No-Project. Continued use of cesspools.

Sahab (Southern Sub-Basin)

• Alternative CSt. Proposed Action. Sewer system for Sahab, One plant.

• Alternative CSZ. No-Project. Continued use of cesspools.

Abu Alanda/Khirbet es Suq/Juweideh (Southern Sub-Basin)

• Alternative CAAI. Proposed Action. Sewer system for all three towns.
One joint plant.

• Alternative CAAZ. No Project. Continued use of cesspools.

Wastewater Treatment Alternatives

AWSA System

• Alternative TAZ. Proposed Action for AGTP, UWATP and KRTP.
SecondU'y treatment by roughing filters followed by the activated sludge
process. Sludge digestion for AGTP and KRTP. Sludge from UWATP to
be processed at AGTP and KRTP.

• Alternative TA3 (long-term). Add effluent filtration to all 3 plants.

• Alternative TA4. No-Project. Existing AGTP plus improvements now in
progress.

Sukhneh
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• Alternative TSI. Proposed Action. Wastewater treatment la,goons totally
c,ontained.

• Alternative TSZ. No-Project. Continued use of cesspools.

The treatment alternatives are also applicable to Hashimiya, Sahab and
Abu Alanda et ale

Baqa'a Valley

• Alternative TBI. Proposed Action. Roughing filters followed by acti
vated sludge treatment.

• Alternative TBZ (long-term). Add effluent filtration.

• Alternative TB3. No-Project. Continued use of cesspools.

The treatment alternatives are also applicable to Fuheis/Mahis, Lower
Wadi es Sir and Na'ur except that "they are extended aeration plants with
no provision for anaerobic sludge digestion.

Dewatering Altematives

Amman/Zarqa-Ruseifa

• Alternative DAI. Proposed Action (short-term). Belt presses at Ain
Ghazal, drying beds at Zarqa-Ruseifa and Khirbet er Ruseifa plant.

• Alternative DAZ. Proposed Action (long-term). Belt presses at all three
plants.

• Alternative DA3. No-Project. Same as Alternative DAI, except that
there would be no downstream plant at Khirbet er Ruseifa.

All other Sites

• Alternative DOl. Proposed Action. Sludge drying beds.

• Alternative DOZ. No-Project. Continued use of cesspools.

Effluent Use/Disposal Alternatives

• Alternative EI. Proposed Action. Aquifer recharge with improved
quality water. Agriculture use from reservoir impoundments and/or
groundwater aquifer. Indirect domestic use from groundwater aquifer.
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• Alternative EZ (long term). Aquifer recharge with filtered effluent.
Direct agriculture use. Indirect domestic use from groundwater aquifer.

• Alternative E3. No-Project. Continued aquifer recharge with sub
standard quality water. Effluent use is same as EI.

Sludge Use/Disposal Alternatives

All sites

• Alternative SUI. Proposed Action (short-term). Landfilling at proposed
sites.

• Alternative SUZ. Proposed Action (long-term). Use for reforesta
tion/reclamation projects.

• Alternative SU3. Proposed Action (long-term). Use for agricultural
projects.

• Alternative SU4. No-Project. Landfilling at existing dump site, small
amount of agricultural use.

Sl\'dge Transportation Alternatives

Ain Ghazal Treatment Plant

• Alternative STI. Proposed Action and No-Project. Truck dewatered
sludge (transition period would exist during which liquid and dewatered
sludge would be trucked).

• Alternative STZ. Truck liquid sludge.

• Alternative ST3. Pump liquid sludge.

All other plants

• Alternative 501. Proposed Action. Truck dewatered sludge.

• Alternative SOZ. No-Project. Continued use of cesspools (surplus
septage, trucked to treatment plants).

ENVIRONMENTAL CONSEQUENCES

Environmental consequences of most concern are those upon water resources,
public health, and agricultural and silvicultural resources.
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WATER RESOURCES

There would be both positive and negative effects on water quantity as well as
water quality as a result of project implementation. The effects may vary
somewhat according to sub-basin. However, in all sub-basins there is the prospect
that the provision of sanitary sewers and concurrent elimination pf cesspools may
stimulate an increase in water consumption. This could result from improved
hygienic practices and from elimination of deliberate underutilization of domestic
water supply in hopes of reducing frequencies of cesspool overHows/pumpouts.
Availability of sanitary sewers could indirectly encourage development and use of
indoor plumbing and water-using appliances.

Sei! Zarqa Sub-Basin

The project alternatives for the Seil Zarqa Sub-Basin would decrease recharge of
the upper aquifer by cesspool leachate. Cesspool effluent that would otherwise
have filtered into the upper aquifer would instead be treated and discharged into
the Seil Zarqa. Part of this water would percolate into the aquifers through the
bed of the Seil Zarqa. The remaining would flow out of the Sub-Basin to King
Talal Reservoir where it would be used for irrigation in the Jordan Valley, and/or
would be lost to evaporation. Irrigation takes place along the Seil Zarqa also.

Cesspool effluent in 1976, was estimated to account for 18 MCM of recharge to
the upper aquifer.9 It was indicated that if this amount of recharge were
discontinued (by sewering) and not replaced, that "a rapid long-term decline of the
groundwater level would take place within Amman." However, since water would
soon be imported to the Amman area in large amounts, the consultant estimated
that the reduction in cesspool effluent recharge "will more or less be compensatec:.
by increased leakage from the water supply network." This estimate of water
main leakage for the city of Amman only, however, (excluding the Zarqa-Ruseifa
area) was 5 MCM by 1990. Tables 6-8 and 6-9 have previously indicated the
magnitude of septage discharges underground, while Chapter 5 data have indi
cated water consumption projections.

There would be increased groundwater recharge by treated effluent in Sei! Zarqa
and other wadis. In 1976, about 4 MCM of treated effluent was recharged to the
upper aquifer.9 This was the entire amount discharged from the Ain Ghazal
Treatment Plant except for losses to evaporation and irrigation use along the Seil
Zarqa. More recently, however, AGTP effluent has been reaching King Talal
Reservoir. Increased sewering, increased population, and increased water usage
will result in increased flows of treated effluent from the AWSA system and in
new discharges from the programmed Zarqa-Ruseifa plant. Data presented
earlier in this Chapter have indicated the magnitudes of these and other effluent
discharges. Within the Sei! Zarqa, part of this increased flow will be lost to
increased evaporation, part might be lost to increased agricultural use, and part
will reach King Talal Reservoir. Recharge of the upper aquifer through the river
bed will increase, however. Information is not available at this time to indicate
what the infiltration rate would be under increased flow conditions, and it is
therefore not possible to determine whether this amount, together with increased
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leakage from the water system, would provide a balanced discharge/recharge
condition for the aquifer. The net effect of the project considered by itself
(without importation of water to Amman) would be a decrease in recharge of the
Amman-Zarqa aquifers.

Alternative CAl (with UWATP implemented) would facilitate effluent reuse in
the upper plateau areas by virtue of its high location. Also, it would probably
result in increased aquifer recharge via the streambed of the upper reaches of
Wadi Abdow1 with effluent discharged into the Seil Zarqa sub-basin.

Differences in total aquifer recharge between CAl and CAZ cannot currently be
assessed. Differences between these alternatives in evaporation losses are
probably minor as regards Seil Zarqa discharge of effluent.

If UWATP effluent is used for irrigation in the plateau there would be a tradeoff
between the beneficial uses gained thereby and the aquifer recharge lost. Some
of the applied water would probably recharge the aquifer underlying the irrigated
area; the remainder would be used consumptively. However, if UWATP effluent is
discharged into the wadi system of Wadi el Kafrein, there could be aquifer
recharge in that system as well as consumptive losses. There would be a
corresponding reduction in thf: recharge potentials in Amman-Zarqa aquifer.

CA3, the No-Project Alternative, would result in the most recharge to the
Amman-Zarqa aquifers (cesspool leachate) and in the least loss to the Study
Area's water resources due to evaporation 01' evapotranspiration.

These tradeoffs as to the disposal/reuse of water resources must, however,
include a consideration of the quality of water made available for each of the uses
discussed. Beneficial uses of water cannot be claimed if the water quality is
below permissible standards for the uses being considered. It is therefore
necessary to consider collection and treatment alternatives jointly in order to
determine the overall effect of any alternative on water resources.

Treatment Alternative TAZ would produce improved effluent quality, better than
presently attainable, and hence would have better effect on water resources
quality. Higher removal efficiencies of pollutants by the new plants and improved
and expanded treatment at AGTP would reduce the net pollutant load into the
groundwater aquifer. This is not, however, applicable to salt concentrations
which are expected to be the same. Both salts and nitrate concentrations would
be greater than recommended standards for groundwater recharge. The general
improvement in water quality throughout the aquifer system might be ac
complished at the expense of higher nitrates due to increased effluent flow
through the river bed.

The No-Project Alternatives (CA3 and TA4) would provide for no approved direct
use of wastewater. CAl and CAZ, together with TAZ, would provide for
acceptable irrigation use of the effluent from the King Talal Reservoir. Water
reaching the reservoir would undergo further improvement during its storage in
the reservoir, and would be diluted sufficiently by other impounded water to
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achieve acceptable quality for irrigation. Direct agricultural use of the treated
effluent would also undoubtedly occur along the Seil Zarqa, (but this cannot be
considered an acceptable use since the effluent at that point would not be of
sufficient quality for irrigation).

Alternative TA3 is a long-term step for effluent quality improvement. Addition
of filtration would make the effluent suitable for direct irrigation. Addition of
denitrification would improve effluent quality even more, making it more
compatible with Drinking Water Standards as far as groundwater recharge is
concerned. Thus, the implementation of TA3 would enhance the usefulness of
effluent frolD any treatment plant. For UWATP (CAl), this could be particularly
important because of its advantageous location with respect to probable points of
reuse in the plateau.

For both CASI and CAHI, there would be a net depletion of the aquifer, for it is
intended that the treatment plant effluent be evaporated from the lined total
containment lagoons serving Sukhneh and Hashimiya respectively. This is of little
consequence since their volumes would be rather insignificant especially when
compared with those of AGTP, and UWATP. The treated wastewater would not
be suitable for reuse. For the corresponding No-Project Alternatives, the status
quo would remain concerning the aquifers quantity and quality.

Other Sub-Basins

Effects on water resources from the construction of sewage systems at Baqa'a
Fuheis/Mahis, Lower Wadi es Sir, and Na'ur (Alternatives CBI, eFI, CWl, and
CNl) would be similar to those described above for the AWSA facilities. Removal
of cesspool leachate from the ,underground would improve groundwater quality.
There would, however, be new flows of treatment plant effluent in the affected
wadis. thse would carry that portion of the organic load and microorganisms not
removed in the treatment process. There would be some effects experienced on
the aquifers recharged by effluent flowing in these wadis. However, the overall
effects upon groundwater quality would be beneficial.

Substitution of centralized sewage treatment and effluent disposal for individual
cesspools will reduce the overall water resource quantities somewhat due to
evaporation losses in wadis receiving the treatment plant effluent. It is possible
that augmented streamflow in the wadis receiving the effluent will facilitate
riparian irrigation, even before filtration is implemented. Without sufficient
dilution and natural exposure to sunlight etc. the quality of the secondary effluent
wouL: fall short of that required for most agricultural irrigation applications.

At the plant sites for Baqa'a, Fuheis/Mahis, Lower Wadi es Sir, and Na'ur, the
topography is such that there is not sufficient space for the use of wastewater
treatment lagoons. Therefore, it is necessary to employ the more sophisticated
and expensive secondary treatment process of roughing filters activated sludge
(Baqa'a) or the extended aeration modification (for the other plants). This
treatment produces a better quality effluent than does the lagoon treatment.
This is of some significance because of public exposure, particularly in Wadi
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Rumeimin downstream from the Baqa'a Plant, and groundwater quality impacts in
general. The effluent from KHMC TP, which is currently substandard, is
reportedly adversely affecting groundwater in the Upper Wadi es Sir area.
Residenb in the Wadi es Sir area would want reassurance that the proposed plant
would produce satisfactory quality effluent.

The activated sludge plants for all of these outlying areas except Baqa'a Valley
would be discharging effluent into wadis leading either to Kafrein Reservoir or
Shu'eib Reservoir. The regulatory capacities of these reservoirs would assist in
conserving the effluent for beneficial use and addition to the total water
inventory.

For Sahab, Abu Aland:t/Khirbet es Suq/Juweideh, Sukhneh and Hashimiya, suffi
cient land is available fo!' facultative lagoons. Under the lagoons alternatives,
treated wastewater would be disposed of by evaporation and/or percolation. This
would not provide for use of the effluent. Since the water would not be of
sufficient quality for recharge, degradation of groundwater supplies would pro
bably result at each of these locations except possibly Sahab and Abu Alanda et
all Site specific investigation would be required to determine whether there
would be any possibility of groundwater contamination at Sahab and Abu Alanda
et all

In each case except Sahab, the No-Proj~ct Alternative would result in continued
leaching of cesspool effluent to groundwater supplies, with gradually increased
deterioration of groundwater q,uality as populations grow (Alternatives CBZ, CF'Z,
CWZ, CNZ). At Sahab (Alternative CSZ) the No-Project option would have no
known adverse effects on water resources (benefits of sewering in this area would
be related to economic and public health conditions).

As in the AWSA system the addition of filtration to effluent treatment would
greatly increase the potential water resources benefits of the effluent. Due to
better disinfection and resulting safer effluent to handle, filtration would allow
direct use of the effluent for agriculture and other potential uses. However, this
is a long-term objective due to the high cost involved.

Effects of Dewatering Alternatives

All liquid collected from sludge drying operations, whether belt prgsses or drying
beds, would be returned to the treatment plant as a sidestream. There would be
no percolation to groundwaters from either process, and therefore no direct
effect on groundwater quality or quantity.

Effects of Effluent Use/Disposal Alternatives

Use of effluent of acceptable quality for irrigation purposes (Alternative El)
would probably result in small additional amounts of nitrate and salt loading in
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waters underlying areas of irrigation use, since the treated effluent would
probably be higher in nitrates and salts than waters would otherwise be used.
Careful matching of application rates arid crop requirements would minimize this
impact.

There would be no effect on groundwater quality from indirect use of effluent via
groundwater basins f('ir domestic pUJ;'poses••

The No-Project Alternative (E3) would result in continu.ed degradation of ground
water supplies by cesspool leachate.

Specific impacts of the reuse alternatives can be determined only through a
detailed quantitative comparison of the economic costs of the use of effluent
versus the use of other available water supplies for irrigation or domestic
purposes in various potential reuse area.

Effects of Sludge Use/Disposal Alternatives

Assuming the use of proper procedures to prevent runoff into nearby surface
waters, the landfilling of sludge at proposed sites (Alternative SUI) would have no
effect on water resources, since there is no continuity between surface and
groundwater in the areas of the proposed landfill sites.

Continued landfilling of sludge at existing dump sites (No-Project Alternative
SU4) would result in continued degradation of the quality of water underlying the
dump sites, since all existing dump sites are in areas where continuity exists
between surface and groundwaters.

The use of sludge for reforestation, land reclamation, or agriculture (Alternatives
SUZ, SU3) has the potential for degradation of ground and surface waters,
depending on slope, soil type, hydrologic characteristics, application rate and
technique, and characteristics of the sludge used in any given situation (see
Chapter 8). The most significant concerns involve the potential for buildup of
nitrates, heavy metals or pathogens. Such contamination could occur either
through the leaching of liquid into groundwater supplies or through runoff into
surface water.

Effects of Sludge Transporation Alternatives

Transportation of sludge in liquid form, either by pipeline or truck (Alternatives
STZ, ST3) would result in greater possibility for contamination of ground or
surface waters after delivery than transportation in dewatered form (Alternative
STI). There would be more potential for leachate and runoff from facilities for
the use, disposal, or drying of liquid sludge than from facilities for dewatered
sludge.

The No-Project Alternatives for the outlying areas (SOZ) would mean the
transportation of septage to sewage treatment facilities or to open area and
designated disposal sites. This is the only transportation alternative available.
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Disposal of septage to treatment facilities eliminates the possj,bility of direct
contamination of groundwater by septage, however, it constitutes an additional
organic load that has to be provided for.

Mitigation of Water Resour.ces Impacts

It should be noted that the proposed project is itself a mitigation of an adverse
impact on water resources, that is, the pollution of groundwater supplies by
cesspool leachate. Implementation of the project alternatives would, however,
cause other negative effects, some of which could be partially or competely
mitigated.

Alternatives CAl and CAZ would result in decreased recharge of the Amman
Zarqa aquifers. This could be mitigated by reducing extraction from the aquifers
until a balanced condition resulted. Imported water would be required to make up
for the reduction in groundwater extraction.

Pollution of groundwater along the Seil Zarqa by treated effluent (Alternatives
CAlor CAZ in combination with TAl could be eliminated by piping the effluent
to the northern edge of the recharge area of the Amman-Zarqa aquifers.
However, this would further reduce recharge of the aquifers by both natural
runof! and effluents and would require an even greater reliance on imported water
to maintain a balanced water level in the aquifers.

The use of effluent or sludge for agriculture, reforestation, or land reclamation
must be done only with strict safeguards to prevent contamination of water
supplies. Application rates and methods of application must be carefully
determined afte£" consideration of soil types, slopes, hydrogeology and content of
the effluent and sludge in order to prevent leaching or runoff of contaminants into
water supplies. Particular care must be taken in the use of effluent or sludge on
slopeoi in the vicinity of reservoirs, since runoff could result in degradation of
reservoir water supplies.

PUBUC HEALTH

Impacts of the Master Plan for Wastewater Disposal upon the public health in the
Study Area would likely be experienced on a long-term basis. The improvement in
public health will be particularly felt in the communities for which facilities for
the collection, treatment, and proper disposal of wastewater will bl! implemented.
The greatest benefit anticipated is related to the control of water-bome diseases
and the protection of the public, particularly children of school age, from e\lch
diseases. These benefits are, of course, also attributable to improved water
supply and general sanitation, which are not specifically part of this Master Plan.
Refugee camps seem particularly in need of these improvements. (See comments
elsewhere concerning immediate improvements for Baqa'a and Schneller Camps.)

In addition to public health benefits cited above, there could be still potentiall~·

adverse impacts which require mitigation measures.
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The treatment of wastewater is not expected to yield virus-safe effluent, so there
could be some public health exposure to virus-borne diseases. Filtration, if
implemented on treatment plant effluent, could greatly enhance the effectiveness
of disinfection and reduction of both bacteria and viruses. Normal secondary
treatment does not reduce pathogenic bacteria or viruses to a safe level, so there
is still some potential health hazard through application of secondary effluent for
irrigation of root crops and other vegetables. Thus irrigation with chlorinated
secondary effluent should be undertaken only with the additional safeguards of
natural dilution, sun exposure during storage or stream flow and/or percolation
and recovery as groundwater. Monitoring of effluent discharge and groundwater
should be carefully conducted to anticipate potential adverse public health
impacts.

Without nitrification-denitrification of treatment plant effluent, the contributions
of nitrate to the groundwater resources, would continue to build up. The adverse
effects of high nitrate in water supply could be mitigated by blending of low
nitrate waters with high-nitrate waters in pUblic water systems prior to distribu
tion.

Both municipal sewage and sludge can contribute macro- and micro-chemical
pollutants to water and soil, depending upon actual conditions. U digested sludges
from wastewater treatment plants are applied to land, there is a potential for
human health problems arising from metal contaminants in the sludge. Of the
most toxic trace metals thus released to the soils, cadmium seems to be of the
most concern to human health. Although heavy metals contamination is not
expected in the Study Area, these problems may be mitigated by r.ontrolled
handling and application of sewage sludges, including careful monitoring.

As industrialization proceeds in the Greater Amman, Area, the potential for toxic
industrial emissions into the aqueous environment increases. These may involve
toxic trace elements. Where a municipal wastewater system is the vehicle for
such potential emissions, mitigation could be sought via an agressive and effective
industrial wastes ordinances and permit program. It is not anticipated that
municipal wastewater treatment processes, such as those contemplated, will
prove effecative in removing .such trace contaminants; thus, source control will be
required.

A long range recommendation of tahe Master Plan, is the reuse of effluent for
various applications. In order for this to be feasible from a public health
standpoint, public awareness and understanding must be developed. Institutional
arrangements also for administering and implementing such programs are essen
tial. In this connection, it will be important to recognize the differences that
exist between urban and rural areas in socio-economic lev~ls, educational status,
hygienic practices, relative safety of water and food, available sanitary facilities,
and provision of primary health care services.

An indirect impact of providing new municipal wastewater treatment plants and
expansion of the existing AGTP could be upon mosquito breeding potentials, due
to increased wetted surfaces in watercourses, and in correspondingly increased
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larvicidal chemical emissions to the environment in an effort to control nuisance
mosquitoes and disease vectors such as malaria. Malaria control is becoming
increasingly important due to the influx of expatriate workers from countries
where malaria is ender Jic.

Schistosomiasis appe'.l1"S destined to become a significant public health problem
unless appropriate pY'eventive measures are undertaken. Inasmuch as this water
borne disease invol'!es pollution by human body wastes and an intermediary host
(water snails), it u,ay be important to exclude waders and swimmers from all
bodies of water affected by treatment plant effluent discharges. Seil Zarqa and
King Talal Reservoir are reported already to have been affected by the intermedi
ary host. Mitigation may require exclusion of personnel from body contact with
these waters. Expatriate carriers from endemic areas may become present in
sufficient numbers to help complete the development cycle of the parasite.
Agriculture irrigation should probably avoid ridge and furrow application if there
is a possibility of significant skin contact with the effluent by workers.

AGRICULTURAL AND Sn.VICULTURAL RESOURCES

The focus of the this area of concern, as expressed in the scoping meeting, is the
potential for beneficial use of sludge and reclaimed water for agriculture,
reforestation, or land reclamation (Alternatives EI, SUZ, SU3). The use of
treated effluent as an irrigation resource was discussed in the previous section,
Water Resources. This section will therefore emphasize the potential effects on
agricultural and silvicultural resources other than changes in the amount of water
available for irrigation. These effects have to do primarily with changes in soil
productivity.

Effects

Both treated effluent and sludge are a source of plant nutrients. Secondary
effluent contains sufficient amounts of nitrogen, phosphorus, and potash to
compare favorably with commercial fertilizers. Sludge compares less favorably
as a source of nutrients. It contains nitrogen, some phosphorus, and small
amounts of potassium. The nitrogen is released too slowly for effective use with
short season crops. The primary valUp. of sludge lies in its effectiveness as a soil
conditioner. It has a high organk content, and is excellent for improving the
structure of poor soils. Both sewage effluent and sludge can therefore have a
positive impact on agricultural and silvicultural resources by improving soil
fertility. Such benefits could be significant in Jordan, where the amount of arable
land is limited, and where soils are often of poor quality.

Negative impacts on soil resources can also result, however, from poorly planned
or managed effluent and sludge use programs. Improper effluent application rates
can cause soil clogging, buildup of salts in the soil, and accumulation of heavy
metals. The use of sludge can also result in buildup of heavy metals in the soil.
These negative effects are less likely in reforestation or land reclawation uses
where applications are not as sustained as in agricultural use.
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All alternative's that would provide for expansion of sewage systems and treat
ment facilities would increase the amount of sludge available for beneficial use
compared with the No-Project Alternatives. Alternative CAl might encourage
more extensive use of effluent by making it more readily available for use in the
upper areas of the Amman-Zarqa Basin and vicinity. Making the sludge available
in dewatered form (Alternative STl) rather than liquid form (Alternatives STZ,
51'3) would probably result in greater acceptability by farmers and increased use.

An attempt to obtain estimates of the amounts of land potentially available for
effluent and sludge application in the Greater Amman Area was partially
successful.10 It is not possible to make estimates as to potential increases in
productivity, since these can vary greatly with different soils, crops, sludge and
effluent characteristics, and management techniques.

Mitigation

The use of proper management techniques is essential to prevent negative impacts
on soil resources from the use of effluent and sludge. These techniques include
thorough analysis of effluent content, sludge content, and soil type, together with
proper selection of crops to insure that nutrients are taken up by plants and do not
accumulate in the soil.

ENERGY RESOURCES

Tabulatio.ns previously presented in this Chapter have set forth the energy
require~p.nts of the proposed systems for this Master Plan. These have ranged
from negligible energy consumption for the treatment systems involving faculta..
tive, total containment lagoons (for Sahab, Abu Alanda/Khirbet es Suq/Juweideh,
Sukhneh, and Hashimiya) to substantial energy consumption for the expanded
AGTP and future UWATP and KRTP, where roughing filters/activated sludge is
the selected process. The basic energy source would be public utility electric
power.

The low technology plants (facultative lagoons) in effect use solar energy, as the
photosynthesis by algae is the basic source of oxygen used for the wastes
stabilization. These have been recommended for all locations where space and
other considerations permit.

In several locations, including the existing AGTP site, the available space is too
limited to permit the adoption of low technology treatment. Also the flows are
too great to make evaporation disposal practicable. Therefore, it has been
necessary to employ roughing filters/activated sludge as the basic process. This
has the disadvantage of being fairly energy-intensive but has the distinct
advantage of producing an effluent of minimum quality for disposal in the
adjacent wadis and in requiring minimal site space. For those larger plants where
solids processing is to be undertaken (AGTP, KRTP, and Baqa'a) anaerobic
digestion-produced gas will be burned to heat the incoming sludge: thus conserving
energy. For AGTP, and the future KRTP sludge gas engine generators are being
proposed to further increase the process' thermal efficiency. These are
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mitigation measures. For the Fuheis/Mahis, Lower Wadi es Sir, and Na'ur plants,
the facilities will be too small to warrant separate sludge digestion. The extended
aeration process will be used and will provide in-stream aerobic digestion.

An additional mitigation being proposed for the small plants is the use of two
speed aerators. The lower HP speed will be used in the initial years, when flows
are still fairly low, thus conserving energy. Later on, when the flows have built
up sufficiently, the higher energy high speed will be used to produce the desired
aeration.

ARCHAEOLOGICAL AND HISTORICAL RESOURCES

Recommended sites for the Ain Ghazal expansion, the Khirbet er Reuseifa
Treatment Plant, and the plants at Upper Wadi Abdoun, Baqa'a, Fuheis, Lower
Wadi es Sir, Na'ur, and Sahab have been visited by personnel from the Jordanian
Department of Antiquities. These visits were brief inspections and not site
surveys. Based on these visits and a search of archival records, the Department
has determined that there are no know archaeological or historical resources at
the proposed sites, and has issued permits for construction at these sites
(Appendix C).

Effects on Resources

In an area as rich in archaeological and historical resources as Jordan, it is always
possible that grading or excavation will reveal items of significance in areas not
previously known to contain such resources. In particular, it is likely that the
large amount of excavation that will be required for sewer systems will unearth
findings of significance. The extensive size of these systems and the urban
structures that presently overlie most of their length will preclude most prior
survey work. The potential therefore exists for the damage or loss of artifacts
and information if proper procedures are not followed to insure their protection.

There are no significant differences among alternatives relative to this impact
category except the amount of grading or excavation required for each.

Mitigation

Site inspections should be made by qualified archaeologists during grading and
excavation. Discovery of artifacts on a site during construction should result in a
delay of work in the area of the discovery until the artifacts are properly
salvaged. If such discoveries indicate that a site might have significant cultural
value, a thorough survey of the site should be accomplished before continuing with
construction.
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BIOTIC RESOURCES

Construction of recommended treatment plants and sewage systems would result
in the destruction of small amounts of vegetation and animal habitat. Previous
tabulations in this Chapter have indicated site requirements for proposed plants.
Most sites are already heavily disturbed, and no significant loss of vegetation or
wildlife would occur for any alternatives. Differences among alternatives in this
regard would be primarily a function of the amount of land disturbed. The No
Project alternatives would generally result in the least disturbance of vegetation
and habitat, and those alternatives which include total containment lagoons or
new drying beds in the most disturbance.

Effects on Resources

Effects on riparian habitats from discharge of effluent would include increased
vegetation and animal habitat along the wadis as a result of the greater
availability of water, and possibly some changes in species composition because of
high levels of nitrogen and phosphorus in the water.

Effects on aquatic biota in streams and reservoirs would vary from place to place
depending on the present quality of the receiving waters. In most cases effects
would be negative because of the high nitrogen, phosphorus, and BOD content of
the effluent. In particular, higher phosphate loading of the Seil Zarqa due to
increased effluent flows would contribute to eutrophic conditions in the King
Talal Reservoir. Greater effluent flows from the AGTP would also result in
continuous flow downstream of the plant, which -"ould cause more of the
industrial wastes and agricultural runoff now discharged into the Seil Zarqa to
reach the King Talal Reservoir. Therefore, effects on aquatic biota in all three
reservoirs and in most streams would probably be negative. These effects would
be most pronounced for those alternatives producing the most effluent No-Project
alternatives producing the most effluent. No-Project alternatives, and total
containment lagoons alternatives would produce less effluent than other alterna
tives.

Denitrification (TA3) would have an adverse impact on riparian biota. Due to the
loss of nitrogen, the plant growth needed for the highly eroded wadis becomes
rather inhibited. Denitrification would be beneficial to aquatic biota, however,
since the impl'ovement in water quality would discourage undesirable eutrophica
tion and other forms of growth such as algal bloom.

Mitigation

Effects on terre~trial biota would be minor, and no mitigation is necessary.
Increased lev~ls of nutrient and BOD removal would reduce effects on aquatic
biota, though it is not likely that these improvements would be significant in the
Seil Zarqa or King Talal Reservoir unless other pollutant discharges into the Seil
Zarqa were also reduced.
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LAND USE

Expansion of the AGTP is not likely to affect land use in the vicinity of the plant.
There would be no significant worsening of nuisance conditions in the area of the
plant, and it is possible that some decrease in odor would occur as a result of the
proposed improvements. (See also comments in Appendix L.) It is doubtful that
any land uses other than industrial facilities such as the existing slaughterhouse
would occur in the vicinity of the plant with or without the implementation of the
project.

The proposed UWATP would be located a distance from residential areas. Small
amounts of agricultural land would be lost to plants construction in other places,
but it is not likely that the new plants would have any significant effects on land
use in their vicinities. Except for farm land and pasture, only scattered rural
housing is in the immediate vicinity of these plant sites.

The expansion of sewer systems and increase of treatl!\ent capacities would not be
likely to have any significant effect on growth in the Study Area, since the
availability of water is far more important as a limiting factor. The location of
sewer systems might have some effect on the distribution of growth in the Study
Area. This would be minimal, however, since the location of the sewers is more a
reflection of anticipated growth patterns than an influence on much patterns.

Wastewater effluents may affect land uses along the wadis into which they
discharge. It is likely that unplanned agricultural and possibly other unsafe uses
may be made of the effluent. Policies determining the type and location of
planned uses of the effluent may affect to some degree the distribution of
agricultural and industrial development within the Study Area. Such effects
would be beneficial, since use of the effluent would allow increased flexibility on
the siting of agricultural and industrial operations.

None of the proposed collection, treatment, or disposal/reuse options is in conflict
with any existing land use plans or regulations for the Study Area.

No significant negative land use impacts would occur from any of the alterna
tives, and no mitigation is required.

CONSTRUCTION IMPACTS

Construction of treatment plants would result in temporary increases in noise and
dust. These would occur in rural or commercial/industrial area, and would not be
significant.

Construction of sewer systems, however, would occur to a large degree within
street l~ights-of-way in populated areas. Such construction could be expected to
cause significant local disruptions in traffic, as well as increased dust and noise.
In this respect, Alternative CAl, with UWATP, has by far less adverse impacts
than CAZ, without UWATP, since the number and lengths of trunk sewers to be
paralleled in CAl is about 50 percent of that required for CAZ. The location of
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the trunk sewers in fully developed and busy areas of town amplifies further the
difference between the two alternatives. It is also possible that excavation might
result in cracking or weakening of adjacent structures especially in steep sloped
areas. There would be major differences between the project alternatives and the
No-Project alternatives with regard to sewer construction impacts.

Construction of sewer systems should be scheduled so as to cause the least
disruption of traffic, and detours should be carefully planned. Normal construc
tion procedures for minimizing noise, dust, and damage to adjacent structures
should be emphasized.

UNAVOIDABLE ADVERSE IMPACTS

The most significant potential impacts of the project involve the quantity and
quality of water resources and the potential impacts on public health as related to
water use and wastewater disposal. It is not possible to estimate accurately at
this point the extent to which these impacts would be "unavoidable", since this
would be determined by the success of mitigation measures that have still not
been developed in detail (importation of water, sludge management and disposal
procedures, etc).

The No-Project Alternatives would result in the continued degradation of ground
water resources by cesspool leachate, and probably in increasing health problems
associated with such contamination and the absence of public sewage facilities in
many areas.

Expansion of the sewage collection and treatment system would reduce ground
water contamination, but would also significantly decrease groundwater recharge.
It can be argued that this should not be considered an adverse impact since the
cesspool leachate noY'! replenishing the aquifers is not of acceptable quality for
such recharge.

Increased effluent flows from the expanded new sewerage systems would also
degrade the quality of groundwater in the vicinity of streams carrying the
effluent flows, in the streams themselves and in the King Talal, Kafrein, and
Shu'eib Reservoirs. Effects on the water quality of the King Talal Reservoir are
potentially the most significant, since this water may eventually be used for
domestic purposes.

Small amounts of vegetation and wildlife habitat would be lost to the construction
of new treatment plants, and degradation of water quality in streams and
reservoirs by increased effluent discharges would adversely affect aquatic biota.
Effects on biota of all kinds would be minimal, however, because of the degree to
which biotic systems in the area have already been disturbed.

SHORT-TERM USES VERSUS LONG-TERM PRODUCTMTY

In general, continuation of the No-Project Alternatives would result in long-term
degradation of groundwater resources in the Study Area, while implementation of
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improved collection and treatment facilities would protect these resources and
slow their degradation. The project alternatives would also provide for more
long-term flexibility in the use of the area's water.

Expanded collection and treatment ·.ystems would probably result in a trade-off
between improved groundwater quality throughout most of the area's aquifer
system and degraded groundwater quality along streams receiving effluent dis
charges. It is not possible to quantify this trade-off at this time, or to estimate
its long-term significance. Water quality in the vicinity of the streams receiving
effluent discharges should be carefully monitored to establish long-term trends.

The potential exists for long-term degradation of the water in the King Talal,
Kafrein, and Shu'eib Reservoirs as a result of effluent flows into these bodies of
water. This situation must also be carefully monitored to preclude the possible
loss of water resources in the reservoirs, and particularly in King Talal Reservoir.
Reservoir dewatering, such as at Shu'eib would reduce the effects.

The use o.f sludge and to a lesser degree treated effluent for agricultural and
silvicultural programs could result in long-term damage to soil resources unless
strict management procedures are implemented to prevent the build-up of toxic
substances in the soil.

Because of the large amount of excavation that will be required for the
installation of sewers, there is a potential for the damage or loss of archaeo
logical and historical resources unless strict management procedures are followed
to prevent this.

mREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

Except for the construction and operating costs of the proposed systems in terms
of funds, manpower, energy, and materials, the long-term effects of the project
alternatives would be almost entirely reversible. About 815 dunums of land would
be permanently committed to treatment plant locations. Financial costs of
implementing the proposed schemes would be very high (see previous tabulation
under "Cost Analysis,") and would be a major factor in the phasing of the Master
Plan.

RANKINGS OF ALTERNATIVES

Alternatives have been proposed for several individual communities or groups of
communities within the Study Area where populations are projected to be
sufficiently large and/or wastewater disposal and water pollution problems
sufficiently serious to qualify for incorporation in this Master Plan for Waste
water Disposal. These alternatives have been grouped acccording to the cate
gories of wastewater collection, treatment, sludge dewatering, effluent use/dis
posal, sludge use/disposal, and sludge transportation. The various alternatives
must now be compared for purposes of determining which alternative or group of
alternatives is best for an individual community or group of communities.
Following this, a second ranking is required which will enable priorities to be
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established among the selected alternatives for the various communities on a
regional basis.

The initial ranking may appropriately be undertaken on a relative basis, that is,
comparing the alternatives for specific communities with each other according to
environmental objectives. This determines the recommended alternatives for
each sub-basin. For determination of regional rankings sufficient to establish
priorities of projects, it is necessary to undertake rankings on a more absolute
basis and to consider other factors as well as environmental aspects.

Ranking Criteria

The following criteria are employed in the initial ranking of alternative projects
according to community and sub-basin:

• Water Resources - Alternatives are ranked with regard to the net effect
in making available the greatest quantities of water for beneficial use,
the quality of which must meet minimum accepted standards for such use.
Flexibility and type of water use are also considered.

• Public Health - Alternatives are ranked according to anticipated benefi
cial effects in reducing groundwater pollution, particularly where water
system conditions and operation may produce high vulnerability to back
siphonage of polluted water as a result of intermittent deliveries.

• Agricultural and Silvicultural Resources - Alternatives are ranked accord
ing to potential beneficial or detrimental effects on soil productivity.

• Energy Resources - Alternatives are ranked in inverse order of energy
requirements.

• Archaeological and Historical Resources - Alternatives are ranked ac
cording to the amount of excavation or grading required for facilities
construction, the least earthwork giving the highest ranking.

• Terrestrial Biota - Alternatives are ranked according to potential benefi
cial or detrimental effects on terrestrial biota, including riparian species.

• Land Use - Alternatives are ranked according to the amount of land that
would be removed from other productive uses, the lower the loss of land
the higher the ranking.

• Construction Impacts - Alternatives are ranked according to the amount
of noise, dust, and traffic disruption that would result from facilities
construction, a high ranking denoting minimal impact.
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Initial Rankings

Table 9-13 presents the rankings of groups of alternatives for the various areas
proposed to be served according to their relative impacts. "A" denotes least
severe or most beneficial impacts. Rankings indicate order within a group only
and not degrees of difference. The difference between "A" and "B" in a given
group may be greater or less than the difference between "C" and "0" or the
difference between"A" and "B" in another group. No attempt has been made to
weight the various impacts. It should be noted that the scoping meeting identified
the first four categories as being of most concern.

In a few instances, it may not be possible to differentiate among alternatives, in
which case they are given identical ratings.

As a result of the comparisons among alternatives and rankings shown in Table 9
13, the following recommended alternatives are chosen according to communities
served and sub-basins:

Sub-Basin Community
and Alternative

Seil Zarqa, AWSA
Collection

Recommended
Alternative

CAl

Remarks

Best potential for use of water, agri
cultural, and silvicultural resources.
Least disrupton of Amman Streets for
trunk sewer construction. Best flex
ibility for potential salvage of effluent
in Jordan Valley and for reducing im
pacts upon King Talal Reservoir.

TAZTreatment Provides the minimum effluent quality
suitable for discharge in Amman-Seil
Zarqa.

TA3 For long range (or earlier)
implementation to improve effluent
quality.

Dewatering DAI Provides best balance of impacts for
the next several years.

DAZ Will be necessary after several years
when ZRTP is expanded. (UWATP will
not process sludge).

Effluent Use/Disposal

Sludge Use/Disposal

El

EZ

SUI
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Wastewater Collection Alternatives (C)

Amman-Zarqa Seil Zarqa Sub-Basin
Proposed Action. Expand AWSA sewer systems.

Provide four treatment plants ••••••••••••••••••••••••••••••••CAl
Expand system. Provide three plants ••••••••••••••••••••••••••• CA2
No-Project. Planned expansion only. '

Provide two treatment plants •••••••••••••••••••••••••••••••••CA3
Proposed Action. Provide sewers and

treatment plant for Sukhneh ••••••••••••••••••••••••••••••• CASl
No-Project. Continued use of cesspools •••••••••••••••••••••••• CAS2
Proposed' Action. Provide sewers and

treatment plant of Hashimiya •••••••••••••••••••••••••••••• CAHl
No-Project. Continued use of cesspools ••••••••••••••••••••••••CAH2

Baqa'a Valley (Northwest Sub-Basin) (CB)
Proposed Action. Provide sewers and

treatment plant for Baqa'a Valley •••••••••••••••••••••••••CBl
No-Project. Continued use of cesspools •••••••••••••••••••••••CB2

Fuheis/Hahis (Western Sub-Basin) (CF)
Proposed Action. Provide sewers and one

plant for Fuheis and Hahis ••••••••••••••••••••••••••••••••CFl
No-Project. Continued use of cesspools••••••••••••••••••••••••CF2

Lower Wadi es Sir (Western Sub-Basin) (CW)
Proposed Action. Provide sewers and

treatment plant•••••••••••••••••••••••••••••••••••••••••••• CWl
No-Project. Continued use of cesspools •••••••••••••••••••••••CW2

Na'ur (Southwest Sub-Basin) (CN)
Proposed Action. Sewers and treatment plant•••••••••••••••••••CNI
No-Project. Continued use of cesspools •••••••••••••••••••••••CN2

Sahab (Southern Sub-Basin) (CS)
Proposed Action. Provide sewers and

treatment plant•.•••••••••••••••••••••••••••••••••••••••••• CSl
No-Project. Continued use of cesspools •••••••••••••••••••••••CS2

TABLE 9-13
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TABLE 9-13 (Cont'd)

Abu Alanda/Khirbet es Suq/Juweideh (Southern Sub-Basin)(CAA)
Proposed Action. Provide sewers for all three towns

and a single treatment plant•••••••••••••••••••••••••••••• ~ ••CAAl
No-Project. Continued use of cesspools ••••••••••••••••••••••••••CAA2

Wastewater T~~atment Alternatives (T)

Amman-Zarqa Seil Zarqa Sub-Basin (TA)
Proposed Action. Roughing filters - aqt. sl.,

thickeners, di~esters, other modifications'AGTP•••••••••••••• TA2 B B

...0
I
~.....

Add effluent filtration and den~trification to all plants ••••••••~3
No-Project. Existing system plus improvements now in

progress. Only AGTP and ZRTP ••••••••••••••••••••••••••••••••TA4

Baqa'a Valley (Northwest Sub-Basin) (TB)
Proposed Action. Roughing filters - act. sl., digesters •••••••••TBl
Add effluent filtration and denitrification••••••••••••••••••••••TB2
No-Project. Continued.use of cesspools••••••••••••••••••••••••••TB3

Fuheis/Hahis, Lower Wadi es Sir, Na'ur, Sahab, Abu Alanda. et aI,
Sukhneh and Hashimiya (Western, Southwestern, Southern and .
Amman-Zarqa Sub-Basins) (TF)

Proposed Action. Activated sludge treatment plants ••••••••••••••TFI
Wastewater treatment ponds•••••••••••••••••••••••••••••••••••••••TF2
Add effluent filtration and denitrification••••••••••••••••••••••TF3
No-Project. Continued use of cesspools•••••••••••••••••••••••••• TF4

Dewatering Alternative (D)

Amman/Zarqa-Ruseifa (DA\
Proposed Action short-term. Belt presses at AGTP. sludge

drying beds at ZRTP ••••••••••••••••••••••••••••••••••••••••••DAI
Proposed Action (long-term.) Belt presses at all three plants••• DA2
No-Project ~ltern. Same as DAI except no KRTP•••••.•••••••••••••DA3

Other Treatment Plant Sites (00)
Proposed Action period. Drying beds•••••••••••••••••••••••••••OOI
No-Project. Continued use of cesspools ••••••••••••••••••••••••D02
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Proposed Action. Agricultural use, after reservoir
impoundment or filtration••••••••••••••••••••••••••••••••• ~.EI B B A B B C C B B

Indirect Domestic Use (after filtration/denitrification,
and groundwater or reservoir dilution) ••••••••••••••••••••••E2 A A C C A B A B B

No-Project. Continued inadvertent aquifer recharge by
substandard quality water••••••••••••••••••••••••••••••••••• E3 C C B A A A B D A Ei::

Sludge Use/Disposal Alternatives (SU) >
CI1

-0
All Sites

~
I t%1

0"
Proposed Action (short-term.) Landfilling at all sites•••••••• SUI ::dc» A A D B D B A B A
Proposed Action (long-term.) Use of reforestation/ "0

t"'"
reclamation projects •••••••••••••••••••••••••••••••••••••••• SU2 B B A B B A C A D >

Proposed Action (Long-Term.) Use for agricultural projects •••• SU3 B C B B B D D C A Z

No-Project. Landfilling at existing dump site, small
amount of agricultural use•••••••••••••••••••••••••••••••••• SU4 D D C A A C B A A

Sludge Transportation Alternatives (ST)

Ain Ghazal Treatment Plant
Proposed Action and No-Project. Truck dewatered sludge

(transition period would exist during which liquid
and dewatered sludge would be trucked) •••••••••••••••••••••• STI A A A A A C A A A

Truck Liquid Sludge•••••••••••••••••••••••••••••••••••••••••• ST2 B B B B B B C B A
Pump Liquid Sludge••••••••••••••••••••••••••••••••••••••• c ••• ST3 B B C C C A B C C

All Other Plants Which Produce Sludge (SO};
Proposed Action. Truck dewatered sludge•••••••••••••••••~ •••••SOI A A A B B B B A A
No-Project. Continued use of cesspools; septage trucked

to treatment plants••••••••••••••••••••••••••••••••••••••••• S02 B B B A A A A B A

Note: See text for explanation of rankings.



Sub-Basin CommWlity
and Alternative

MASTER PLAN

Recommended
Alternative Remarks

SUZ) As soon as programs and controls can
SU3)be developed.

Sludge Transportation STI

Seil Zarqa Collection,
Suklmeh CASI)

Treatment
Sukhneh TFZ)
Hashimiya TFZ)

Dewatering
.: )Sukhneh

Hashimiya - )

Seil Zarqa
Effluent Use/Disposal

Sukhneh - )
Hashimiya - )

Northwest Sub-Basin, Baqa'a
Collection BCI

Treatment TBI
TBZ

Dewatering DOl

Effluent Use/Disposal EI
EZ

Sludge Use/Disposal SUI

SUZ)

Slu(lge Transportation SOl

Wefitern Sub-Basin

Collection
Fuheis/Mahis CFl
Lower Wadi es Sir CWI

This is the most flexible and satis
factory in the overall

Alleviate groundwater pollution
HashimiyaCAHI)potential

Sufficient space available for low
technology plant

No significant sludge accumulation in
facultative lagoons

No effluent production. Total
containment lagoons

Includes north-draining Suweileh

Too much space required for lagoons
Long range objective (or earlier)

Immediate future
Long range objective

Immediate future

As soon as programs and control can
SU3)be developed
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Recommended
Alternative Remarks

Treatment
Fuheis/Mahis
Lower Wadi es Sir

TFl)
TFZ)

Not enough room for lagoons
Long range objective (or earlier)

Dewatering
Fuheis/Mahis DOl
Lower Wadi es Sir

Effluent Use/Disposal
Fuheis/Mahis
Lower Wade as Sir

Sludge Use/Disposal
Fuheis/Mahis
Lower Wadi es Sir

Sludge Transportation
Fuheis/Mahis
Lower Wadi es Sir

Southwest Sub-Basin, Na'ur

Collection

Treatment

Dewatering

Effluent Use/Disposal

Sludge Use/Disposal

El
EZ

SUI
SUZ)

501

eNl

TFI
TFZ

DOl

El
EZ

SUI

Immediate future
Long range objective

Immediate Future
As son as programs and controls can
SU3)be developed

Not enough room for lagoons
Long range objective (or earlier)

Immediate future
Long range objective

Immediate future

SUZ) As soon as programs and controls can
SU3)be developed

Sludge Transportation 501

Southern Sub-Basin

Collection
Sahab
Abu Alanda et al

CSI
CAAI
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Recom mended
Alternative Remarks

Treatment
Sahab
Abu Alanda et al

Dewatering
Sahab
Abu Alanda et al

Effluent Use/Disposal
Sahab
Abu Alanda et al

TFZ)
TFZ)

- )-)

-)-)

Sufficient space available to permit
low technology treatment

No significant sludge accumulation
in facul tative lagoons

No effluent production. Total
containment lagoons

NEED FOR ENVIRONEMNTAL MONITORING

A project of the extent and scope of the Master Plan for Wastewater Disposal is
bound to have effects upon the environment of the Greater Amman Area. It
behooves the Government to institute an adequate environmental monitoring
prograr.1i at the earliest possible time for the following purposes:

• Establishing baseline conditions against which future conditions may be
compared and the effectiveness of the project assessed.

• Modifying the planning and management of wastewater disposal facilities
and various environmental resources to maximize benefits and minimize
detriments iii the light of future conditions as they unfold.

• Improving the criteria by which future facilities and resources managt"
ment plans are developed.

Baseline Data

The NRA, Ministry of Agriculture, RSS and other governmental agencies have
already established background data in many areas, and there are plans to
augment this information. Specific areas in which certain data deficiencies
appear in need of correction include:

• Surface water quality in the various wadis already receiving or destined to
receive treatment plant effluent.

• Public and private exposure to and use of waters flowing in these wadis;
also the extent of the "live streams" in dry weather.

• Groundwater quality in areas affected by or to be affected by effluent
discharges, such as via various wadis.
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• Groundwater piezometric levels in various groundwater basin areas,
preferably on an annual basis for most areas and a seasonal basis in
certain key locations.

• Irrigation water quality, particulal'1i where drawn from potentially poI
luted sources.

• Irrigation and cropping practices involving waters that already are or may
be affected by effluent disposal.

• Effects upon soils, crops, and landscapted areas receiving diluted or
undiluted effluent.

• Treatment plant sludge quality.

• Treatment plant sludge quantities and dispositions.

• Effects upon soils, crops and trees receiving treatment plant sludges, as
compared with those withol':' such sludges.

• Wastewater treatment plant influent and effluent qualities based on flow
proportional composite sampHng.

• Additional hydrologic data, pa:~ticularly for streamflow.

• Water system accounting, particularly in the matter of production versus
actual deliveries.

The foregoing data are either directly or indirectly involved in the environmental
monitoring that should be undertaken to provide a periodic assessment of the
effects of the project. Water and other quality determinations should be
expanded as much as possible to include parameters and characteristics of
relevance to human health and the environment. Existing and newly acquired data
should be collated and analyzed and background conditions determined.

Monitoring Program

The recommended monitoring program would basically be an extension and
continuation of the program to establish the baseline data. The data would be
augmented by actual wastewater production/discharge values as they occur
together with sludge production/disposal values. Values for industrial discharges
would be included. It would also be necessary to include non-point sources of
pollution such as agricultural fertilizers, insecticides, and pesticides. Mosquito
abatement activities involving applications of poisons or pollutants should also be
assessed. There should also be additonal data acquired on quantities and qualities
of storm run-off from both urban and rural areas.

Periodic appraisal of these data should be made and reported to all concerned.
The period should preferably be annual but 'not less than biennial.
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Institutional Aspects

The Government Agency that should be given the authority and responsibility for
environmental monitoring could be anyone of several, including:

• Natural Resources Authority (NRA)

• Ministry of Municipal and Rural Affairs and the Environment (MMRAE)

• Ministry of Health

• Proposed National Water and Sewerage Authority

• National P:'.anning Council (NPC)

• Royal Scier!tific Society (RSS)

Inasmuch as the monitoring would involve primarily technical activities, it would
appear logical to assign the responsibility to an existing or proposed organization
already having technical expertise in its staff and capabilities in its laboratories.
This would normally be the most efficient procedure.

An alternative would be for laboratory work to be conducted under agreement
between a professionally staffed agency having no laboratory facilities and an
agency having both laboratory facilities and staff.

From a philosophical point of view, it is sometimes found desirable to separate
the responsibilities for monitoring from those of operating facilities producing the
need for such monitoring. Where separate agencies have these separate respon
sibilities, the monitoring results may be somewhat less subject to possible bias
then otherwise.

In any event, the monitoring should be undertaken diligently and methodically by
the assigned agency or agencies and the results reported both to NPC and the the
Prime Minister.

MINIMIZATION OF ADVERSE IMPACT THROUGH CONSTRUCTION PLANNING

Some general observations may be made on construction planning that will lead to
minimization of adverse impact during project implementation, viz:

• To the extent possible, sewer construction should be coordinated with
other utility construction involving public rights-of-way, including resur
facing activities, so as to minimize disruption of trdfic circulation,
pavement cutting, and related costs and annoyances.

• Sewer construction should be coordinated with treatment plant construc
tion (new, upgrading, or enlargement) so that both are completed and
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ready for activation at about the same time, thereby minimizing the
commitment of funds prior to commencement of benefits derived.

• Projects should be planned for implementation with due consideration to
possible competing ventures involving qualified construction contractors
and with realistic time frames for procurement and delivery of manufac
tured equipment, particularly that which is of foreign manufacture.
Where warranted, consideration may be given to separate contracts for
equipment procurement and equipment installation.

• Projects involving existing facilities that must remain in operation must
be carefully designed and contractors required to follow proper sequences
of work to ensure uninterrupted facilities operation.

• Projects promising the most immediate benefit should be constructed first
and vice versa.

• Where existing facilities are not yet approaching an overload conditin,
enlargment or modification of same may properly be given a lower
priority than those that already are hardpressed OJ;' soon will be. Spread
ing out of trunk sewer construction over a period of a few years may be
appropriate in some circumstances, particularly where economic and
employment considerations may be important factors.

• Where possible, construction projects should be timed so that the bulk of
the earthwork will have been completed before the rainy season begins.
This will help minimize soil erosion.

• Only first class quality of equipment, materials, and workmanship should
be accepted, thus minimizing contractor disputes and the need for
reconstruction of defective facilities.

In addition to the general comments above, some specific factors for the proposed
Master Plan are:

• King Talal Reservoir is already being impacted by effluent discharges
from AGTP and probably by certain industrial discharges. It should be of
the highest priority to effect needed expansions and upgrading at AGTP so
that the impacts attributable to this source may be minimized. This is
important inasmuch as additional connections to AWSA sewers continue to
be made and wastewater flows increase.

• Lateral sewer construction programs within AWSA should be reviewed to
ensure that there will be early utilization of the sewers at a significant
level. Otherwise, consideration might be given to projects elsewhere
having significant needs for funding and promising at least equivalent
benefits.
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• Construction contracts should be so drawn up that if archeological finds
are made during the course of the work, the delays caused by their
identification and recovery may properly be absorbed without excessive
delays or expense. To this extent, the full cooperation of the Department
of Tourism and Antiquities will be essential.

SELECTION OF REGIONAL PRIOR1TIES

The alternatives recommended for the various sub-basins as the result of the
Environmental Assessment are to be prioritized on a regional basis. These various
recommended alternatives for wastewater collection, treatment, disposal/reuse,
and for sludge dewatering, transportation, and use/disposal comprise individual
systems for the communities that they are proposed to serve. It is these systems
that are now to be prioritized. To do so requires more absolute criteria than were
previously employed.

REGIONAL RANKING CRITERIA

There are four basic quantitative parameters for regional ranking comparisons.
These are:

• Annual Costs expressed on a per capita basis.

• Total investment expressed on a per capita basis.

• Annual energy consumption expressed on a per capita basis.

• Septage withdrawn from groundwater rechargf~ ,~xpressed on an aeral basis
related to a community's presumed zone of influence.

In addition to the foregoing, there are certain quantitative ranking indices. Also,
a generalized cost-benefit analysis is undertaken to illustrate the relative merits
of the individual systems.

Annual Per Capita Costs of Systems

Table 9-14 presents a listing of the annual per capita costs of alternative
wastewater systems proposed to serve the several communities within the Greater
Amman Area. The AWSA system of alternatives appears most economical of
those analyzed.

Total Investment Per Capita

This is a measure of funding requirements. Table 9-15 presents the estimated per
capita funding requirements, the investment being taken as the project costs of
the respective systems. The investments shown are successive, not cumulative,
for the two periods 1980-90 and 1990-Z000.
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TABLE 9-14

ANNUAL PER CAPITA COSTS OF ALTERNATIVE WASTEWATER SYSTEMSa

1990 2.000
System of Pop In Annual Cost Popln Annual Cost

Alternatives Areas served 1.000 1.000 JD JD/capita 1.000 1.000 JD JD/Capita

CAl, TA2, DA1, Amman, portions of Wadi
E1, SUI, ST1 es Sir, Suwei1eh, & 592 4,722 8.0 b 1,573 11,838 ..,~ 7.5 b

Suburban Ring (5,122)b (8.7) (12,238) (7.8)

CASI. TF2 Sukhneh 3.6 52.4 14.5 5.6 72.3 12.9

CARl, TF2 Hashimiya 3.0 58.0 19.3 4.8 77.3 16.1

CB1, TB1, DOl, BaqaIa Valley, portion
::E1, SUI, Sal of Suwei1eh 82.8 823 9.2 103.2 1,031 10.0 >
CIl

..0
CFl, TFl, DOl, >-iI t%J-..I

0' EL, SUI, Sal Fuheis/Mahis 6.7 - 134.7 20.1 9.5 167.5 17.6 ~

"0
r-e

CFl, TF1, DOl, >
E1, SUI, SOl Lower Wadi es Sir 15.3 231.1 15.1 22.5 -327.0 14.5 Z

CNl, TFl, DOl,
El, SUI, Sal Naltn\ 4.0 71. 7 17.9 6.9 103.4 15.0

CS1, TF2 Sahab 11.0 146 13.3 16.0 179 11.1

CAAl, TF2 Abu Alanda/lChirbet es-
SUq/Juweidah 11.0- 164 14.9 15.3 169 - 11.0

aSee previous tabulations, this chapter, for basic data.

bTo include the approximate effects of the recently tendered sludqe expansion facilities in AGTP, use the
numbers shown in paratheses ( 1....,



TABLE 9-15

PER CAPITA INVESTMENTS OF ALTERNATIVE WASTEWATER SYSTEMSa

1990 2000
Areas Papin P~oject Cost Investment ,Papin Project Cost Investment

Served 1,000 JD 1,000 JD/Capita 1,000 JD 1,000 JD/Capita

Amman & Vicinity 592 27,530 47 1,573 49,584 32

Sukhneh 3.6 428 119 5.6 164 29

Hashimiya 3.0 473 158 4.8 164 34
:::::

Baqala et a1 89.8 6;089 68 103.2 1,274 12 >
rJ)

-.0 Fuheis/Mahis 6.7 892 133 9.5 98 10 ~
I t:::l..... :;d.....

Lower Wadi es Sir 15.3 1,792 117 22.5 539 24 "tl

Na'ur 4.-0 452 li3 6.9 174 25 t-<
>

'- - Z
Sahab -~ 11.0 1,240 113 16.1 272 17

Abu A1anda et a1 11.0 1,383 126 15.3 33 2

a Systems represented in this and subsequent tables are similar to those of Table 9-10.
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Annual Per Capita Energy Consumption

Table 9-16 presents a listing of the annual per capita energy consumption of
alternative wastewater systems to serve the several communities within the
Greater Amman Area. The facultative lagoon treatment, applied wherever
possible, is the least energy-intensive, as expected. the Amman (AWSA) system is
next most frugal with energy. Energy recovery by sludge gas engine-generator
units would reduce the per capita energy consumption levels somewhat in the two
AWSA plants incorporating sludge digestion (AGTP and KRTP).

Septage Withdrawn from Groundwater Recharge

Table 9-17 presents a simplified analysis of relative areal septage withdrawn via
the proposed wastewater systems of the Study Area. The intent of Table 9-13 is
to indicate the relative impacts of withdrawing septage discharges from the
communities and diverting the wastewater flows to secondary treatment plants.
The analysis utilizes the relative area concept previously presented in Chapter 6
with respect to current and possible future septage discharges to the undger
ground.

Relative area in this report denotes a presumed area of influence of a com
munity's septage discharges upon underlying aquifers or recharge areas, the areas
arbitrarily being established by Thiessen Polygons. Such a procedure ignores the
cOl'Dplexities of hydrogeology - which are beyond the scope of this Master plan
study - and merely adopts a method of expressing the groundwater area under the
presumed immediate influence of the urban center. In this method, it is readily
apparent that a large urban center overlying a moderate sized relative area should
produce a much greater relative areal septage load than a moderate sized
community overlying a large relative area of groundwater influence. A perfect
example of this is Amman and vicinity, which has a high relative septage load, in
comparison with Sukhneh and Hashimiya, which have low relative septage loads.

This analysis deliberately ignores possible trade-off effects between discharging
essentially raw wastewater underground and discharging secondary effluent into
surface waters that may themselves recharge groundwater aquifers. Attention is
confined to the former condition under the assumption that there is bound to be
an overall benefit to the environment by converting from the former method of
disposal to the latter. It is recognized that this may be an oversimplification, but
it is sufficiently valid in this instance to be used as one of the quantitative
parameters for regional ranking.

Other Ranking Factors

Other factors that should be considered when prioritizing alternative projects
through regional rantting include:

• Relative benefits of alternative projects to differing income level popula
tions.
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TABLE 9-16

ANNUAL PER CAPITA ENERGY CONSUMPTION OF ALTERNATIVE WASTEWATER SYSTEMSa

1990 2000
Areas Papin Annual Energy Costs PapIn Annual Energy Costs

Served 1,000 106 'kwh kwh/capita l,OCO 106 kwh .khw/capita
~ -

ADman & b 872 13.2 15.1 1,853 25.1. -- . 16.0
Vicinity

Sukhneh 3.6 Neg1. Neg!. 5.6 Negl. Neg!.

Hashimiya 3.0 Neg1. Neg!. 4.8 Neg!. Neg1.

Baqala et a1 89.8 1.62 18.0 103.2 2.41 23.4
3::

Fuheis/Mahis 6.7 0.42 . 62.7 9.5 0.61 64.2 ;I>
til

'" Lower Wadi es Sir 15.3 0.31 - . 20-.3 22.5 0.69 30.7 ~
I t>:J.-::! ~'""" Na'ur 4.0 0.22 55.0 6.9 0.36 52.2 "'C

Sahab 11.0 0.004 0.4 16.1
t""

0.010 0.6 ;I>
Z

Abu A1anda/Khirbet 11.0 "- 0.014 1.3 15.3 0.016 1.0
es Suq/Juweideh -

a
Energy consumption levels of 1987 and 1995 are taken as being representative of the first and second
periods, respectively, except for Amman and vicinity and Baqa'a et aI, which use 1990 and 2000.

b
For AWSA's system, it is proper to use the total. (not incremental) population in computing per capita
energy consumption, inasmuch as such consumption is based on total wastewa~er processing. Data shown
are for net energy uses/costs, after accounting for power recovery at AGTP and (for year 2000) KRTP also.
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TABLE 9-17

RELATIVE AREAL SEPTAGE LOAD WITHDRAWN VIA WASTEWATER SYSTEMSa

d 2000 Wastewaterd1990 Wastewater

Areasb Relativec "--. DailJ Annual Relative Da~l~ Annual Relative. 2
m/yrServed Area. kJII. :.103 m HCK . 10 m HCK m/yr

.- --
_:~*

Amman &Vicinity 120 75 27.4 0.23 151 55.1 0.46

Sukhneh 450 0.26 0.095 0.0002 0.45 0.16 0.0004

Hashimiya 450 0.21 0.077 0.0002 0.39 0.14 0.0003

Baqa'a et al 340 4.0 1.46 0.0043 5·9 2 ·15 o 0063
E::Fuheis/Hahis ISO 0.45 0.16 0.0009 0.10 0.26 0.0014 >en

-D Lower Wadi es Sir 140 1.20 0.44 0.0031 1.90 0.69 0.0050 t-i
I t:J

CD
Na'ur 210 0.24 0.088 0.0004 0.48 0.18 0.0008 :tl0

Iotj
Sahab 110 0.66 0.24 0.0014 1.30 0.47 "_ 0.0028- t"'"

>-:=. ZAbu Alanda/Khirbet 170 0.66 0.24 0.0014 1.10 0.40 0.0024
es Suq/Juweideh

a
The analysis shown should be considered as approximate only and indicative of relative potential groundwater
impacts of diverting wastewater of various communities from septage discharge into municipal wastewater
systems producing secondary effluent with runoff into wadis.

b
Same as for Tables 9-10 and 9-11.

c
Relative area is estimated as the area of influence of the population area over the aquifer or recharge area
below, based on Thiessen Polyqons and includinq only the Study Area and proposed qroundwater protection
area (see Table 6-8.) For purposes of this analysis, certain approximations are made, viz:

o Upper Wadi es Sir, north-draining Suweileh. and various suburban ring cODllllUUities which drain into
the AWSA systea are shown as if in the Amman relative area. even though some of the flow technically
is originating in Wadi es Sir or Baqa1a area.
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TABLE 9-17 (cont'd)

o ·Both Sukhneh and Hashimiya are in the Zarqa relative area. Zarqa-Ruseifa project is not being

evaluated here but is taken as programmed.

o Baqa'a flows include not only the Baqa'a Valley but also north-draining Suweileh. The latter

is also included in Amman &-vicinity flow, for it would be diverted there by pumping if the

Baqa'a project did not~ierializeor as an interim arrangement until the project was implemented.

o Fuheis/Kahis are included in the Salt relative area.

o Lower Wadi es Sir is entirely within the Wadi es Sir relative area. The U?per Wadi es Sir flow

would actually be withdrawn from this area, not Amman's.

o Na'ur is entirely within the Na'ur relative area.

o Both Sahab and Abu Alanda/Khirbet es Suq/Juweideh systems lie within the Sahab relative area and

close to the edge of the groundwater protection area.

d
Wastewater fl~ws are taken from previous tabulations, this Chapter, for the respective wastewater systems

being proposed. For purposes of this analysis it i~ assumed that if the flow~ere not being taken into

the wastewater systems, they would be discharged as septage via cesspools into' the underground. Thus,

the relative areal septage is the annual wastewater flow (HCK) divided by the relative area (km2) to

indicate the relative downward flow (m/yr) for the.area.

~
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• General flexibility of projects to adapt to changing conditions.

• General implementability.

• Needs for projects in comparison with other community needs.

• General environmental impact, beyond the energy and relative 81'eal
septage considerations.

The foregoing may only be presented in a qualitative sense because of limitations
in available data or in means of readily quantifying those data that are available.

Benefits to Differing Income Levels

During the extensive field work conducted for this study, general impressions
were gained of the income level represented in the various communities poten
tially to be sewered. The following qualitative appraisal has been made and is
developed for use as a ranking parameter:

Income Levels
Community Represented Remarks

Amman Low - Refugee camps and A1l'eady sewered or being
southern areas sewered

Middle - many centralized A1l'eady sewered Of being
areas and some outer areas sewered

Upper - outskirts, part- Many areas are now being
icu1arly western, such as sewered
Jabal Amman Be Shmeisani

University of High for the mOlt part Much vea is already sewered
Jordan and Includes hospital and via University of Jordan
Vicinity UDivenity Housing PumpiDi StatioD, this now

to be supplanted by a gravity
trunk sewer to UWATP

Jubeiha, TUa High for the most put To be tributary to the
Al Ali, portion trunk to UWATP
of Umm es Summaq
KhUda/Rural Middle for the most part
Khilda

North-draining Mixture of low and middle. Could be pumped to gravity
Suweileh Pre-dominant level is low trunk to UWATP but will flow

to middle by gravity to Baqa'a Valley
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Income Levels
Community Represented Remarks

South-draining Middle to high For second stage connection
Suweileh, also to second gravity trunk to
KHMC and vicinity UWATP

Upper Wadi es Upper. Some middle To be tributary to UWATP
Sir

Lower Wadi es Mixture of low and To be served by Lower Wadi
Sir middle es Sir system

Marj el Hamc~m Primarily middle Could be tributary to AWSA
network or pump to UWATP

Sukhneh Predominantly middle Separate facilities

Hashimiya Some low, but predomin- Separate facilities
antly middle

Baqa'a Camp Low NPC decision made to provide
special sewerage works

Saft:.t and Ain Mixture, predominantly Tl'ibutary to Baqa'a system
al :Rasha middle

F'Uheis/Mahis Mixture, predominantly Separate facilities
middle

Na'ur Mixture, predominantly Separate facilities
middle

Sahab Some low, but pl'edomin- Sepuate facilities
antly middle

Abu Aleda/ Abu Aleda is mixture; Sepuate facilities
Khil'bet es Suq/ othel's are predominatly
Juweideh low

In the light of the fOl'egoing, the following chuacteristic income levels ue likely
to be benefitted by the wastewater system& adopted 101' the proposed alternative
sy::.tems:
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Na'ur

Fuheis and Mahis

Lot;Jer Wadi es Sir

Hashimiya

Abu Alanda/Khirbet es Suq/
Juweideh

Baqa'a Camp, Safut, Ain a1
Baha, north-draining Suweileh

Sahab

Characteristic Income Level
to be Benefitted by Project Communities Included

Middle to Upper Amman, portions of Wadi es
Sir and Suweileh and Suburban
Ring

Sukhneh

Wastewater
System

AWSA

Sukhneh Middle

Hashimiya Lower to Middle

Baqa'a Lower

Fuheis/Mahis Middle

Lower Wadi es Lower to Middle
Sir

Na'ur Middle

Sahab Lower ·~o Middle

Abu Alandal Lower to Middle
Khirbet es Suql
Juweiden

Proiect Flexibility

The AWSA project involves expanding and extending an existina slDitary network
and facUities for wutewater treatment. All other projects entail establiUtng a
basic collection SYltem of lateral and trunk sewer. (includiq outfall sewer to the
treatment plant) a well &I a new treatment plant. The need for SYltem
flexibUity may relUlt from unfor'::Jleen chaDIe. in 10catioDi and rates of develop
ment and poslibly from ch8nglnl effluent U1e/dilpo.a1 requirement. that could
differ IipificlDtly from tho.e contemplated in thi. Muter Plan.

For all treatment plantl being proposed, including the tuee for AWSA, there is
believed to be sufficient site space available to accommodate future filtration
and denitrification, should theM become necessU'y and delirable. I'D addition,
there is an inherent treatment plant capability of accepti. a moderate per
centage more or leu flow than the nominal plant capacity. Also, all recom
mended plant sites are sufficiently diltant from existing population centerl to
allow for some development between points without disruption. In the cases of
the proposed plants at Fuheis/Mahis, Lower Wadi es Sir, and Na'ur, there are
topographic conditions along the wadis that limit expanlion of plant sites. This
reduces flexibility somewhat.
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As regards wastewater collection systems, most of those proposed have only
limited trunk sewers in a primary network, and these are generally of a diameter
considered to be minimum from a practical standpoint. There may therefore be
somewhat less collection system flexibility for such systems than for a more
extensive and diversified system such as AWSA's. Even so, the well defined
terrain tends to restrict the routing of gravity trunk sewers to wadis and thus to
make most systems in the Study Area generally equal in flexibility (or limited
flexibility) as regards their collection systems. Exceptions may exist in the cases
of Sahab and Abu Alanda/Khirbet es Suq/Juweideh where the terrain is flatter and
more amenable to trunk sewer diversity than elsewhere.

It is concluded that the AWSA, Sahab, and Abu Alanda et al systems have greater
collection system flexibility than the other systems and that this should be
recognized in the regional rankings.

As regards treatment plant flexibility, it is difficult to distinguish among the
various systems as to their relative merits. However, the AWSA system, by virtue
of having multiple plants with some possibilities for capacity adjustment, is
considered more flexible than the other systems.

CeneralImplementability

This aspect has primarily to do with local and Governmental capabilities for
financing and paying back the costs for facility construction. In this connection,
the ability to stage the constructions, particularly the luger, capital-intensive
projects is of some significance. Accordingly, the following comments 81'e made
with respect to the projects being prcposed:

• Amman and Vicinity (AWSA System) - By f8l' the 18l'gest capital expendi
tures would be involved here among all the projects. Trunk sewer
reinforcement within Amman is already contemplated for stage construc
tion over several yeus and is not a JDajor factor. Trunk sewers for the
peripheral 81'eas are somewhat lese amenable to stage construction. Two
of these 81'e foresecn as beinl built during the e8l'ly put of the 1980-90
period, while a third is to be deferred \Dltil after 1990. Lateral sewer
construction would be coordinated with trunk sewer construction.

The chief cost item is that of expaneion/uPlllading of AGTP. An
important, although less costly, investment is the proposed UWATP. The
KRTP is a post-1990 project.

A major part of the cost of the AGTP expansion/upgradinl must be
undertaken as a single project for engineering reasons. This would amount
to about 65 percent of the Fint Phase work for AGTP. It is much larler
than the total project costs of any of the other projects beinl proposed,
including both sewers and treatment facilities. On the other hand, the
benefitted population would be correspondingly higher than for the other
projects in the Study Area.
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• For all other projects, stage construction is contemplated for the treat
ment facilities but would not be feasible for the trunk sewers. Lateral
sewer construction would, of course, be staged to keep pace with
development. The treatment plant staging, however, would be for two
periods only: 1980-90, and 1990-Z000, respectively. It would not generally
be feasible for staging to take place within the First Phase Investment
Program as in the case of AWSA facilities, although exceptions might be
found. Therefore, on a relative standpoint AWSA's facilities would have
somewhat greater implementability than those of the other projects.

As a result of the foregoing, it is concluded that AWSA's project is somewhat
more implementable than those of other wastewater system provided that
sufficient capital can be raised to proceed. The other projects are less capital
demanding on an absolute basis but not on a relative (per capita) basis, as has
previously been indicated in Table 9-15. The, Government's special interest in
Baqa'a Camp makes for p' ·traordinary implementability for Baqa'a Valley Project.

Competing Community Needs

No special study was undertaken of this matter, but certain il'_{ormation generally
available is believed sufficient to warrant the following observat50ns:

• There are already many hospitals in Amman and immediate vicinity,
including Zarqa, and Salt. Hospital care is generally available to the
public. Wastewater facilities projects would apparently not be major
competitors for public funds for hospitals. It is also understood that there
are numerous health clinics dispersed throughout the Study Area. These
are not normally as capital intensive as hospitals and would be even less in
competition with wastewater facilities for public funds.

• Public schools are understood to be generally adequate and not a
significant source of competition with wastewater facilities for pUblic
funds.

• There are public water supply facilities throughout the Study Area.
However, as discussed in earlier chapters, these are not entirely adequate,
mostly due to supply limitations but, in some instances, involving distribu
tion facilities themselves. Certainly there is a need for extension of
water distribution facilities within areas not now having sufficient 
Baqa'a Camp is one example - and there is even a need for long range
reconstruction of many water distrib:. ...;on systems to reduce the inordin
ate leakage that apparently is experienced. Primarily, however, the
urgencies relate to water supply itself. These supply projects are already
being undertaken on a regional basis. However, there may still be major
supply undertakings needed within the next few years, and wastewatl'!r
facilities programs could be in competition with these for public funds.

• Streets, highways, drainage, and other public utilities generally appear to
be in a fair to good state of development and repair throughout the Study
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Area and not in major competion with wastewater facilities for public
funds.

In viuw of the above 9nd the previously established conditions of water pollution
and p'otential public health hazards resulting from present wastewater treat
ment/disposal practices, it is concluded that the proposed wastewater projects
should generally occupy a fairly high priority among possible competing com
munity needs. There appears to be no basis for differentiating among the
proposed projects with respect to competing community needs except for Baqa'a
Camp.

Other Environmental Impact Considerations

These considerations are those over and above the energy matters and ground
water pollution already addressed in Tables 9-16 and 9-17, respectively. As
indicated previously, it is not possible to quantify most, if not all, of the
significant environmental impacts that may be experienced. This is because of
the complexities in such matters as water resources and the imponderables in such
aspects as public health and archeological and historical resources. A possible
indication of relative potential land use and construction impacts could be
obtained by dividing the proposed site areas by benefitted populations and also
lengths of sewers by populations. However, this would overlook significant
differences that may exist among the various projects in land productivity,
vulnerability of traffic circulation to temporary interferences from sewer con
s~l'uction, undiscovered archeological artifacts, and the like. Also, it would still
leave unquantified most of the important types of impacts identified at the
environmental scoping meeting.

As consequence of the above, it has been concluded as unjustified to attempt to
differentiate among the various wastewater systems being proposed as regards as
environmental impacts other than energy and septage aspects. Accordingly, they
are all considered to be equal in this regard for the purpose of regional ranking of
projects, except where unusual conditions require adjustments (Table 9-18).

REGIONAL PRIORITY RANKING OF PROJECTS

Table 9-18 presents the regional priority ranking of wastewater projects for the
Greater Amman Area. The treatlDent facilities included in the system being
ranked are limited to secondary (roughing filters-activated sludge or activated
sludge alone) type for all installations except the facultative lagoon projects
proposed for Sukhneh, Hashimiya, Sahab, and Abu Alanda/Khirbet es
Suq/Juweideh. Consideration of the approximate costs and benefits of providing
filtration and denitrification is considered subsequently.

Under the assumption that each of the ranking parameters bears equal weight to
all the rest, the weighted ranking of each system is respresented invel'sely by the
sum of the individual rankings by parameter. On this basis, Amman and vicinity is
clearly the first in regional priority, Baqa'a second in priority, Lower Wadi es Sir
third, etc. In general, these results harmonize with those developed merely by the
exercise of intuitive judgment. There is probably not much actual difference

9-87 "l



'rULE 9-18

REGIOIIAL PlUORrrY ilAHCHG OF WAS'rEIIa'rER pllDJEC'rSa

r I 1990 C 0 II D I '1' I 0 H
Per 9ftta Iu. Relati_ Inc... Projec:t x.ple- cea- SUb- b Other

c Totu
Cost Invest. Ell8cqy sept&l)ll La_Is Flexi- _t- petinq total. of Envir"l of

~ JD lOm/n. "'yr. 8eIlefit -bility ability Needs Rankinqs eonsid. Rankings
Ana se~ V R V R- V R V R V R V R V R V R V R V R V R

~ 6 9icinity 8.7 1 47 1 15.1 4 0.23 -1 II/U 4 F 1 G 2 Avg 2 16 1 1 1 17 1

&eqa°a Valley 9.2 2 68 2 18.0 5 o.oon 2 L 1 L 3 B 1 B 1 17 2 1 1 18 2

r-r IIIdi •• Sir 15.1 6 117 5 20.3 6 0.0031 3 LIM 2 L 3 S 3 1.119 2 30 6 1 1 31 3

Pubeis/llAbis 20.1 9 133 8 62.7 8 0.0009 5 II 3 L 3 S 3 1.119 2 41 9 1 1 42 4

SuJdIDeb 14.5 4 119 6 1le91 1 0.0002 7 II 3 L 3 S 3 &119 2 29 4 14 4 43 5

~ya 19.3 8 158 9 Megl 1 0.0002 7 rJM 2 .. 3 S 3 11.119 2 35 8 9 2 44 6

!IIl°ur 17.9 7 113 3 55.0 7 0.0004 6 II 3 L 3 S 3 1.119- 2 34 '7 11 3 45 7

==>
Abu u.ada .t &1. 14.9 5- 126 7 1.3 3 0.0014 4 LIM 2 II 2 S 3 &119- 2 28 5 18 5 46 8 til

..0 lei
I SAbab 13.3 3 113 4 0.4 2 0.0014 4 rJM 2 II 2 S 3 &119 2 22 3 25 6 47 9 tz:1

GD ::t'
GD

"C
Asea ftbJ.as 9-14 thEaUllJll 9-17 for quultitati_ value. U..te4. sea dUCU8.1cxl in text for qualitative value. listed. idlere the a- quantitative tot

>or qualitati_ value is q1W1l to .aze thut one u.a". syatea. tile &ff~___ gi_ 1den~~.l!1 nnJdnq value•• Z
~ .-played 10 t:he tlIIlalatioaa ___ foll_.

For In_ La_Is For l'Eo1ect PlexihiUtx For _~t&biUtx Por 9*rtinq Heeds

II/U Middle to Upper F pair G Goad Avg Averase
L LcaMr L rJaiad - S satisfactory B LilIIited to Baqa'a V'rP

LIM r-r to Jiiddle II Moderate B Bu:ellent. Liai.ted to a.qa'a V'l'P becauae- of the ~t's
II II1d4le because of tile ~t's great great CCI1Ce%D for iJlproviDq

coacem for UproviDq c:onditions conditions in the Baqa'a
in tile &eqa°a c.p cap (vater ~ well as

vastev&ter)

D~ of ranJdDc)s gives _ iDdicatioll of nlati_ is(Iort.Ince of tile project OIl a nglaaal. bulis. _Gr.1nq ~t &11 factors are of esu&1.
is and __ thus _ipted _WIlly OIl _ inWina ~is. 'l'o a certain extent: this -SWII(It:ion is jUFtified. but~ rasu1.ts tend to
--- ..-hat distortecl in tile _ of .... of the nral _. S1ICh _ S&Mb and Abu A1aDda at: al. viera land costs and relatively flat
t:enain teacl to pEOduce favorabla ruJtings vis-a-vis the cloMr-in urbul _ lacated &1.aaq steep -.tis. Por this _OIl. the final
nakiDIJ factor ·other SIlvi~t:a1 caasicleri!'tioos· is also UHd _ _ aIIjamut: f.ct:or.

ell. certaia _t: of subjecti_ j~t is~ in _ ••bUshfnq tile nIIkinqs 1IIIcIer this cat:eqory. fte aIIjuamuts. wilen .-played.
an j_tified OIl the ~i. of praCJll&tUa to ~at:a for UDnUonsble COIlIU.t:ions ot:buwise resultiJIg &ca a unifoza .tgbtiJIg of the
nakiDIJ &ctors iDc1uded 10 t:IIe subtotal. WIlen DO aIIj_t:;;ent: is UDdert:ak8D. unifoza -WraiAls are qi'ftll to the cat:eqory of other
en~ caasideratioos. -

t1.'be prWuy bulls for 1mcIertUiDq an iD41'1idual project is tbIlt: of prioritiu for 1990 con4itioos. In _t: eae-. the priority nIIkinqs
for 2000 con4itions __ qeoer&11y sild.1ar to~ for 1990 cal4itioaa. project-by~ject.



TABLE 9-18

1IEGXOHAL PRIORITY RAHKIHG OF WASTEWATER ProJECTS
a

X 2000 C 0 N D I T I 0 N
Per capita Xtea Relative Income Project Iaple- <=<-.- Sub- b Other

c
TotalCost Invest. Enerqy septaqe Levels Plexi- _nt- peting total of Envir' 1 ofJO/yr. JD lGd1/yr. rAlyr. Benefit bility ability- Needs Rankings Consid. RankingsArea served V R V R V R V R V R V R V R V R V R Y R V R

~ ~ vicinity 7.8 1 32 8 16.0 4 0.46 1 M/U 4 F 1 G 2 Avg 2 23· 3 1 1 24 1

Baqa'a Valley 10.0 2 12 3 23.4 5 0.0063 2 L 1 L 3 E 1 E 1 18 1 7 4 25 2

Lower Ikdi es Sir 14.5 6 24 5 ]0.7 6 0.0050 ] LIM 2 L ] 5 ] Avq 2 ]0 5 1 1 31 ]

Fuheis/Mahis 17.6 9 10 2 64.2 8 0.0014 6 M 3 L 3 S· 3 Avq 2 36 7 1 1 37 4

12.9 5 29 7 Neql 1 0.0304 8 M 3 L 3 S 3 Avq 2 ]2 6 6 3 38 5suJdmeh

Ifa5hiaiya 16.1 8 34 9 Neql 1 0.0003 9 LIM 2 L ] S 3 Avq 2 ]7 8 2 2 39 6

15.0 7 25 6 52.2 7 0.0008 7 M ] L ] 5 ] Avg 2 38 9 2 2 40 7!fa'ur

11.0 3 2 1 1.0 3 0.0024 5 LIM :2 M 2 S 3 Avg 2 21 2 20 6 41 8 s::Abu Manda et al

»11.1 4 17 4 0.6 2 0.0028 4 LIM 2 M 2 S 3 Avq 2 23 4 19 5 42 9 l"J'1smab
t-i-0
t%JI

::0
00
-0 a see TAbles 9-14· through 9~17 for quantitative values listed. see discussion in text for qualitative values listed. Where the same quantitative ~or qualitative value is given to -are than ooe area's systea. the affected areas Are given identical ranldng values. t'"'

Abbreviations employed in the tabulations are as follows: »
ZPar Incca! Levels Par Pro1e~ Flexibility For I!Ple.entability For c:..peti.nc; Needs

M/U Middle to Upper F Pair G Good
,

Avq AverageL LGwer -L u.ited 5 satisfactory E Limited to Baqa'/l VTPLIM Lower to Middle M Moderate E Excellent. Liaited to Baqa' a VTP because of the Government'sM KiddIe because of the Govern-nt' s great qreat concern for i.lIlproving
concern for illproving conditions conditions in the Baqa'a
in the Baqa'a ca.p camp (water as well a::i

wastewater)

bSubtotal of ranltinqs qives an indication of relativa iIIportance of the project on a regional basis. assUllLinq that all factors are of equa!illlPOrtance and are thus weighted evenly on an inverse basis. To ... certain extent this asSU8ption is justified. but the results tend tobeca.e somewhat distorted in the case of s~ of tile rural area•• such u ~ and Abu Manda et al, where land costs and relatively flatterrain tend to produce favorable rankinqs vis-a-vi. the closer-in urban area located alonq steep wadis. For this reason. the finalrankinq factor ·other enviroruiental considerations· is also used AS an adjus~nt factor•.

cA certain a.ount of subjective jud~nt is exercised in establ1shlnq the rankings under this cateqory. '!tie adjustments. where employed.are justified on the basis of pra~tisa to cc:.pensate for unreasonable conditions otherwise resulting frca a unifona veiqhting of therankinq factors included in the subtotal. liItere no adjus~t i5 qndert:aken. unifoJ:III appraisals &re qiven to the cateqory of otherenviron-ental considerations.

dThe pri_rv basis for undertakinq an individual project is that o~ priorities· for 1990 conditions. In 80St cases. the priority rankingsfor 2000 conditions are generally si.llli.lar to those for 1990 conditions, project-by-project.

'"



MASTER PLAN

between the indicated ranldngs for several of the projects, such as Abu Alanda el
al vis-a-vis Sahab or Sukhneh vis-a-vis Hashirniya. Thus, if certain other factors
should enter into the judgment, they should be recognized.

LEAST COST SOLUTION

The least capital and operations cost solution for the expansion and upgrading of
the existing AGTP and/or for construction of new plants is embodied in the
preceding l:abulations of this Chapter and summarized in Tables 9-14 and 9-18.

SENSITMTY ANALYSIS

It is appropriate to consider the effects upon the Master Plan if significant
differences should develop in the future between actual and projected populations,
wastewater production factors, and various cost elements. Such effects could be
experienced in any of the systems being proposed. However, as the greatest
stakes appear confined to the AWSA system, the primary emphasis of the analysis
will be placed there.

Table 9-19 presents sensitivity analysis population data whereby assumed low and
high population growth rates for the the 1979-2000 period of 3.00 percent per
annum and 5.00 percent per annum, respectively, are applied. The results are
compared with the 4.13 percent per annum growth rate used in this report. The
alternative growth rates were arbitrarily assumed but were considered to repre
sent reasonable outer limits for consideration.

It can be seen that the popUlation variation for Amman plus Suburban Ring is
roughly plus or minus 15 percent in 1990 and plus 5 percent or minus 26 percent in
year 2000. The Amman plus Suburban Ring roughly approximates the future
AWSA system.

Table 9-19 also indicates a possible future population variation for the remaining
areas within Greater Amman Area of roughly plus or minus seven percent in 1990
and plus 35 percent/minus 15 percent for year 2000.

AWSi'.. SYSTEM SENSlTMTY TO PROJECTION CHANGES

The socio-economic analyses presented in Chapter 3 and Appendix B have stressed
the role that Amman's saturation population has upon influencing "spillover"
growth into the surrounding "suburban ring." As Amman approaches saturation,
growth in the Suburban Ring is accelerated and reaches its maximum once Amman
can accept no more growth. With higher Study Area growth rates, saturation is
achieved earlier, and vice versa. Inasmuch as Amman and most of the Suburban
Ring may be generally considered as a unit as regards wastewater production, the
plus or minus 15 percent population variations suggested for 1990 by Table 9-15
would be of particular interest to the treatment facilities. However, there could
also be impacts upon the collection system's primary network if the flow
variations were major on either a general or localized basis.

9-90



TABLE 9-19

SENSmvITY ANALYSIS - POPULATIONS
r

Populations are in Thousands

Growth Ratea
i179-Z000

Class Percent

Popdations are expressed as percentage of Project Population

Year 1990

Study Ammanl Other
Area Suburban Ri!!& Areas

Z,057 1,094 963
1,833 935 898
Z,Z70 I,Z51 1,019

-0
I

-0-
Project
Low
High

Project
Low
High

4.13
3.00
5.00

4.13
3.00
5.00

100
89

110

100
85

114

100
93

-106

Study
Area

Z,987
Z,365
3,559

100
79

119

Year ZOOO

Ammanl
Suburban Ring

1,555
1,144
1,630

100
74

105

Other
Area

1,43Z
I,ZZI ~

I,9Z9 ~
>-1
tx1
:::u
"'d
t""
>

100 Z
85

135

a Annnal growth rate for overall ZI-year period (census date to planning horizon year) is expressed as
annual percent, 'compounded annually.
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Another factor that could influence wastewater flows is per capita wastewater
production, particularly if unit wastewater production factors were to vary in
such a way as to accentuate population variations. In view of the current
shortages of water and the probability of continuing need to emphasize consumer
conservation, major increases in unit wastewater production factors would not be
expected. Even so, it appears reasonable to consider the possibilities of about
plus and minus 10 percent variation in future unit wastewater production,
combined with plus and minus 15 percent deviation in Amman-Suburban Ring
population for 1990. In round numbers, this corresponds to about plus and minus
25 percent of projected wastewater flow for 1990 condition. For year 2000
condition, the adverse combination of per capita wastewater flow and population
deviations would correspond to about plus 15 percent minus 33 percent of
projected wastewater flows.

Collection System Sensitivity

For increases in wastewater flow, trunk sewers of marginal capacity within the
aff ected areas would require earlier relief than otherwise. Also, if it were
apparent that the flows were becoming significantly larger than projected, the
parallel relief sewers could be increased by one· or more commercial pipe sizes as
best determined by actual conditions. A common trunk sewer diameter in the
relief sewers is 300 mm; another is 400 mm. It is noted that the capacity of a
400 mm diameter sewer is about 177 percent that of a 300 mm diameter sewer
assuming same slope and flow conditions. Thus, a single pipe diameter increase
for such relief trunks would readily accommodate flow increases of the magnitude
contemplated, at least for the relief trunk reaches themselves. In comparison the
price differential for the one size increase is only 17 percent. Special investiga
tion would be needed for more precise determination of lengths and diameters of
trunk sewers that would require additional reinforcement over that already
included in the proposed systems. Such detail has not been considered in the
scope of this report.

If the flow increases resulted solely from population increases, there would be no
essential changes in wastewater concentrations. If increased per capita waste
water production were at least partially responsible for the flow increases, the
wastewater would be correspondingly more dilute than otherwise and therefore
less likely to produce sulfide.

If instead of flow increases, the future development resulted in less flows than
projected, this would mean greater time intervals before relief sewers or second
stage sewers would be required than otherwise. Inasmuch as the planning horizon
is for year ZOOO only, the capacities of trunk sewers sized for a projected year
2000 flow would be adequate for some years beyond year 2000. If a lower than
projected unit wastewater production were to be experienced in the future, the
pollutant concentrations would be increased inversely over projected values,
which already contemplate per capita production increases. This would tend to
make the concentrations more like their present levels than otherwise.
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Treatment Facilities Sensitivity

The organic loading to the treatment facilities is basically a function of the
tributary population. More tributary population means more solids to be removed
and digested than otherwise as well as more aeration capacity for biological
stabilization. Increased population also is likely to mean greater wastewater
flows, requiring more hydraulic as well as organic treatment capacity for the
plants. Increases in per capita wastewater production result in more dilute
wastewater and shortened sedimentation tank and aeration tank retention times.
The opposite is also true. In both instances adjustments can be made in design for
an optimum balance.

The chief effect upon AWSA's treatment facilities of variations in wastewater
flows would be limi ted by the tributary populations and flows, mostly from the
westerly areas beyond Amman, including portions of Suweileh, Wadi es Sir, and
the Suburban Ring. With greater than projected flows being experienced from
these westerly areas, the enlargement for UWATP would logically be increased,
and vice versa. On the other hand, AGTP's capacity is limited by existing site
space. Thus, the KRTP plant capacity would be the ultimate adjustment up or
down to accommodate unforeseen flow increases 01' smaller increases than had
been expected. Site limitations for KRTP do not appear critical, although land in
that area is relatively expensive.

The connecting trunk sewer between AGTP and KRTP would, of course, have to
be of adequate capacity to meet actual flows experienced. If flows developed
that were greater than inticipated, the trunk sewer might require paralleling,
possibly before year ZOOO. However, it is more likely that differing growth and
wastewater flow trends from those presently projected would have become
evident by the time of design both of the trunk sewer and KRTP. In effect, the
deferred nature of these downstream facilities provides considerable time for
planners and designers to react appropriately to new developments in the next
decade.

Within the size ranges of new treatment plants that would be involved in the
AWSA system the economy of scale effects are not major for modest size
changes. Thus, future wastewater production deviations within the ranges
assumed above would not greatly influence unit costs of these facilities
(JD/capita/yr.)

No illustration is presented as to conditions resulting from a growth slow-down
and a less-than-anticipated wastewater production. It would simply mean that the
costs would be spread over fewer people than otherwise. For example, a
population of 85 percent of the currently proj ected service area population would
be 0.85 (59Z/Z80) equals 741,000 persons total or 461,000 incremental benefitted
population. If the total annual costs were spread onIy to the incremental
population, this would correspond to (JD 4,793/461) 01' JD 10.4/c/yr, a Z8 percent
increase over that proj ected. Of course, if total population were used as the
basis, the increase would be correspondingly less.
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No illustration is presented of changes beyond 1990 as it is assumed that
adjustments could properly be made to the planning during the latter part of the
current decade in the light of developments as they appear.

SENSITIVITY OF OTHER SYSTEMS

Tahle 9-Z0 has indicated the possibilities of about plus and minus ZO percent
population in 1990 and plus 35 percent/minus 15 percent in year ZOOO populations.
Combining such deviations with a 10 percent deviation in per capita wastewater
production would produce even more extreme future flow deviations from those
projected than anticipated for AWSA. The 10 percent deviation could be even on
the low side considering the type of variables involved such as changes in social
habits and installation of indoor plumbing facilities.

No attempt has been made herein to illustrate the possibilities of impacts upon
tacilities of such deviations. This is because of the many variables involved with
the multiple systems outside the AWSA area. However, it is believed that the
Government possesses considerable control over the planning that may affect such
outside areas and that appropriate and time adjustments could be made in
facilities implementation for such areas, particularly as they are considered to be
of lower priority than the AWSA facilities.

The same principles as discussed for AWSA pertaining to the effects of significant
future wastewater flow deviations would generally apply also to the outside areas.
However, built-in flexibility should be provided in the design of the sewerage
facilities to accommodate potential deviation in the projected future flows.

MASTER PLAN PROGRAM

Table 9-Z0 presents the recommended Master Plan Program for facilities con
struction in the Greater Amman Area. Lateral sewers are not listed but would be
included pursuant to construction of trunk sewers to which they would discharge
and to development of urban lands in which the wastewater would originate.
Greater detail on the collection systems is presented subsequently in Chapters 10
and 1Z of the Feasibility Report.

SPECIAL INTERIM MEASURES

Because of practical limitations on financial resources, it may be several years
before many population centers in the Study Area are provided with centralized
facilities, often essential to upgrading of s;mitation conditions. This is because of
priorities in allocating of resources for such works. In the interim, there may be
certain measures that still-unsewered communities may adopt that can improve
local conditions without incurring prohibitive expenses. These may involve a
variety of arrangements for collection, treatment, and disposal of wastewaters,
the specific combinations being best tailored to suit the actual needs and
conditions of the individual community.

]
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Service Area

Amman and Vicinity

. Baqa'a Valley

Lower Wadi es Sir

GRAND TOTAL

TABLE 9-20

MASTER PLAN PROGRAM FOR WASTEWATER FACILITIES CONSTRUCTIONa

1982-1990 Prpgram
Work Itemsb

AGTP expansions, upgrading, sludge facilities

Trunk Sewer Reinforcements, AWSA Network

Maxj a1 Hamam Force~in and Gravity Sewer

Marj a1 Hamam Pumping Station

UWATP, First Stage Construction, including land

Sludge Line, UWATP to AWSA Network

U of J Trunk Sewer to' UWATP

KHMC Trunk Sewer to UWATP

Subtotal

Trunk Sewers

Treatment Plant, inclUding land

Subtotal

Trunk Sewers

Treatment Plant, including land

Subtotal

Phase I, Master Plan

Project CostC

JD 1,000

17,795

292

295

66

3,030 :s:
:>
CJl

165 .,
t;:l

849 ~

'\j

317 t"'
:>

22,809 Z

624

2,550
---

3,174

242

660

902

26,885



TABLE 9~20 {Cont'dl

MASTER PLAN PROGRAM FOR WASTEWATER FACILITIES CONSTRUCTIONa

Subtotal

Enlarge Treatment Plant

Enlarge Treatment Plant

Treatment Plant

Subtotal

Project CostC

.JD 1,000

4,575

326

6,045

500

23,400 ~
:>
CIl

34,846 .,
p:j
~

'\j

918 t""
:>
Z

450

275

69

15

301

660

42

300

342

1982-1990 Prpqram
Work Itemsbr

Trunk Sewers

Treatment Plant

Subtotal

Trunk Sewers

Pumpinq Station

Force Main

AGTP expansions, includinq sludqe facilities

Trunk Sewer Reinforcement, AWSA Network

UWATP Expansion

Trunk Sewer, AGTP to KRTP

KRTP Construction

service Area

Baqa'a Valley

Sukhneh

Amman and Vicinity

t"uheis/Mahis

Lower Wadi es Sir

-.0
I

-.0
0'



TABLE 9-20 (Cont'd)

~lASTER PLAN PROGRAM FOR WASTEWATER FACILITIES CONSTRU~IONa

1982-1990 Program Project CostC
Service Area Work Itemsb JD 1,000

~shimiya T!:unk Sewers 85

Tre.t::ment Plant 275
~

Subtotal 355

Na'ur Trunk Sewers 141

Treatment Plant 195 ~
:>
(Jl

-c Subtotal 336 >-i
I t=t-c ~-.I

"ti

Abu Alanda/Khirbet Pumping Stations 27 t'"
:>

es Suq/Juweideh Force Mains 39
Z--

-,

Trunk Sewer~ 339

Treatment Plant, including land 920

Subtotal 1,325

Sahab Trunk Sewers 254

Pumping Station 23

Force Main 33

Treatment Plant, including land 543

Subtotal 853

GRAND TOTAL Phase II, Master Plan 40,085
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FOOTNOTES FOR TABLE 9-20

'"I
'"00

~
-->-

a

b

c

Projects are listed generally according to the regional p~iority rankings presented under
Table 9-18, and cata are drawn from previous tabulations in th~s chapter except that Table
9-20 reflects a late decisio~ to ~ewer North-draining Suweileh to Baqa'a Valley Treatment
Plant and to divert Marj al Hamam flow·to UWATP by pumr.ing. For simplicity, lateral sewers,
house connections, and their sewer manholes have not been included in the project cost data
herein. However, they are includeel in the ~abulations of Chapter 12 dealing \ld.th financing
and revenue programs.

The special provisions for Marka Refugee Camp are not included in this tabulation a3 the
project was jeveloped in connection with a special study undertaken subsequent to preparation
of this Master Plan.

All project costs are expressed ill terms of late 1980 price levels. Appropriate escalation
factors should be applied to convert these values to current or future levels.
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For certain areas within a community or even for whole communities, if sufficient
space is not normally available on individual building lots vis-a-vis requirements
for on-site disposal, it will be necessary for at least a portion of the wastewater
to be transported elsewhere, leaving only that portion of the flow that can be
absorbed without andue difficulty in local ceDspools. Depending upon local
circumstances, flow may be removed periodically from individual cesspools on a
scheduled basis by a local operating agency or it may be found preferable to link
several cesspool systems together by small overflow sewers discharging into a
common sump, from which the surplus septage is then regularly withdrawn. This
latter arrangement would leave grease, other scum, and sludge t.o accumulate
gradually in individual cesspools, requiring eventual cleanout but at very
infrequent inter'lals. Removal of surplus septage from a few centralized locations
would be somewhat more expeditious than from multiple, private lots. The
septage might even be piped to a nearly treatment-dispoal site{s), within or
adjacp.nt to the community, if such should exist.

Treatment and disposal of septage on-site would normally be via community
septic tanks and leaching cesspools and/or leaching tile fields, depending upon
local circumstances. However, other possibilities would, of course, be considered.
For example, there might be benefito enjoyed in converting community septic
tanks to aerobic treatment for reasons of improving the leaching characteristics of
the effluent. Also, in addition to cesspools or normal tile fields, consideration
could be given to "mound" disposal, which relies upon local seepage via an
improved design for effluent retention-distribution, and evapotranspiration
disposal, which makes use of the moisture-absorbing characteriqtics of overlying
vegetation. All on-site disposal systems would, of course, remain below ground. In
some instances, with proper design, it would be permissible to provide a
playground or park above the system at the surface, so that there would be a
double benefit to the use of the land.

Where insufficient capabilities exist for on-site community treatment-disposal
systems, the septage would be transported from the community to treatment
disposal elsewhere. Normally, this would be done by septage tank trucks, although
under certain favorable circumstances it might be possible to pump septic tank
effluent through a small diameter pipeline to a treatment-disposal facility,
provided there is one such within reasonable distance. For example, the so-called
STEP (septic tank effluent pumping) system has been employed in various
localities in the United States with favorable results. These have sometimes
involved pUblicly operated wastewater treatment facilities of. conventional design.
For outlying communities within the Greater Amman Area, it is likely that well
designed lagoons would prove very satisfactory for treatment of septage, whether
they receive their flow via tank truck or via pipeline or a combination thereof.
Disposal of lagoon effluent may be via percolation, irrigation, evaporation, or
evapotranspiration, depending upon a review of local circumstances. Crop
irrigation would, of course, be limited to those types suitable for undisinfected
effluent, e.g, fodder and fiber crops. The entire operation would be of a rural
nature and considerably less costly than a conventional sewerage system.
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In the United States, on-site, wastewater management districts have been
established in certain rural or semi-rural areas to oversee, assist, operate, and or
facilitate the operation of these interim measures/facilities for wastewater
collection/treatment/disposal. Their roles can range from educational-advisory
only to complete operation. The centralized effort is invariably more efficient
than the collective individual efforts of the participants. In the Study Area, a
variety of administrative possibilities could be considered, and the apropriate one
selected fal' one specific area might not necessarily be the best choice for another
area. It is expected that the Water Supply Corporation, the Ministry of Health,
and the National Planning Council would be in the best position to guide and
implement the necessary interim physical and administrative measures for
communities or portions of communities in need of improved sanitation but not
having sufficient priority in the allocation of national resources to be provided
with conventional sewerage facilities for the foreseeable future. Where
appropriate, any interim facilities that become provided lnight anticipate the
future possibility of conventional facilities and remain adaptable to same where
reasonable.
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CHAPTER 10

PRELIMINARY DESIGN AND COST ESTIMATE

INTRODUCTION

This chapter presents the Phase I Investment Program facilities for the Greater
Amman area to cater to the needs up to 1990. Detailed descriptions, engineering
data, and cost estim ates are included. The work thus presented is the result of
the regional priority rankings made in Chapter 9 for various wastewater projects
in the Gl'eater Amman area. The highest ranking of all was given to expansion
and upgrading of the facilities of the Amman Water and Sewerage Authority
(AWSA) and to certain new facili ties that will serve developing areas westerly of
Amman and integrate with those of AWSA. Due to the magnitude and cost of the
work entailed as well as apparent limitations on available project funds, the Phase
I Investment Program is limited to these facilities. Should additional funding
become available, other high ranking projects defined in the Master Plan could be
considered for implementation. (Subsequent special studies (in 1981) by the
Consultant have resulted in accelerated project.s for the Baqa'a Valley Treatment
Plant project and the Lower Wadi es Sir Treatment Plant, not reported herein).

The Phase I Investment Program work involves the following:

• Upgrading and enlargement of Ain Ghazal Treatment Plant (AGTP).

• Construction of the new Upper Wadi Abdoun Treatment Plant (UWATP).

• Reinforcement of the AWSA primary sewer network.

• Construction of tr\U1k sewers in certain areas westerly of Amman.

• Diversion of wastewater from the University of Jordan area to a new
gi.'avity trunk sewer leading to UWATP.

• Construction of sewage pumping stations and force mains for north
draining Suweileh for delivery of wastewater to the new University of
Jordan gravity trunk sewer.

• Construction of secondary network facilities in newly sewered areas.

AIN GHAZAL TREATMENT PLANT

In order to be adequate for the wastewater flows of 1990, AGTP will need to be
expanded to 60,000 cu m/da capacity by that year. A phased program of
expansion and upgrading is necessary for the AGTP, so designed as to permit
'ontinuation of service at all times. The performance will be upgraded from the

outset. The nature and the staging of work are dictated by the available site and
the existing facilities.

10-1



PRELIMINARY DESIGN AND COST ESTIMATE

APPROACH TO PLANT EXPANSION

The existing site is relatively narrow and of limited size (4.5 hectares). This is
referred to herein as the northern plant site. It will be necessary for the
mWlicipally-owned vacant land between the existing AGTP facilities and the
mWlicipal slaughterhouse to be used for part of the AGTP expansion. This is
referred to herein as the southern plant site (2.5 hectares). Even when the
northern and southern plant sites are joined, their configuration will prevent
centralization of facilities, as is usually desirable for ease of operation. This is
illustrated in Figures 10-1 and 10-2.

Figure 10-1 presents the AGTP Northern Site, Phase I Expansion. This shows a
separate treatment plant at the existing site, including sludge digesters and
digested sludge dewatering facilities. Special studies by the Consultant (in 1981)
revealed the possibili ties of upgrading, modifying, and expanding the existing
facilities to produce a maximum capacity of 30,000 m3/day. Despite site
limitation, it will be possible to locate the ultimate digesters needed for year
2000 service on the northern si teo Thus, it will not be necessary for any new
digesters to be located on the southern site. This is illustrated in Figure 10-2, the
AGTP Southern Site, Phase I Expansion. The plant capacity for Phase I is
30,000 m3/day but the facilities will anticipate a future 50% expansion for an
ultimate southern site plant capacity of 45,000 m3/day, corresponding to a total
future AGTP capacity of 75,000 m3/day.

Comparison of Figures 10-1 and 10-Z shows that, in effect, there are two
treatment plants on the expanded site formed by consolidation of the northern and
southern plant sites. Administrative, maintenance, laboratory, chlorination, and
sludge processing facilities will be centralized at the northern site as will the
common headworks facilities. Othel'wis~ treatment is split to the two respective
sites.

The elongated nature of the site and decentralization of treatment units necessi
tates a substantial amount of yard piping. Both wastewater and sludge must be
moved over relatively long distances thereby, entailing hydraulic losses. Figure
10-3 presents the AGTP hydraulic profile for 1990 conditions.

The secondary treatment process selected in Chapter 8 was roughing filters
followed by conventional activated sludge employing mechanical aeration.
(Improved diffused air aeration will be provided at the existing AGTP facilities,
northern plant). Figure 10-4 presents the AGTP flow schematic, illustrating the
process. The corresponding AGTP solids balance for 1990 is presented in Figure
10-5.

Set forth hereinafter are descriptions of individual plant units. These are
followed by the cost estimates. Numbers and sizing of Wlits are based upon
available information at the time of report preparation and are considered
adequate for budgeting purposes. However, they are subject to refinement during
detailed design.
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PRELIMINARY DESIGN AND COST ESTIMATE

HEADWORKS FACll.rrmS

Currently, plant influent enters AGTP via a continuously surcharged outfall
sewer. The terminal invert elevation of this outfall is 687.00 m, Mean Sea Level,
but the wastewater must flow over a weir crest of elevation 691.37 m. This
arrangement traps debris and will becom~ even less satisfactotly as flows incrt;':lf,e
and hydraulic losses grow. The existing barminutors and influent mete:-:ng will
prove less and less acceptable as time goes on. The existing grit r~mQval is
already unsatisfactory. Accordingly, it was concluded in Chapter 6 that it would
be necessary and desirable to rep~ace the existing headworks with a new one of
different design, adequate for the future needs of the AGTP.

The new headworks will be fed by a rerouted outfall sewer and will comprise a
low-lift influent pumping station, bar screens or comminution, flow measurement,
grit removal, and a flow distribution structure. The new headworks and outfall
sewer will be constructed "in the dry" and will not be activated until they and the
downstream treatment facilities have been completed, tested, and proven func
tional and ready to receive the flow. The incoming flow will then be diverted to
the new headworks and downstream units.

The rerouted outfall sewer will terminate in the influent pumping station west of
the existing control building as indicated in Figure 10-1. The rerouted influent
sewer will have a hydraulic capacity at least equal to that of the upstream sewer
system, including that portion of the flow that eventually will by-pass AGTP and
flow down a future trunk sewer to the Khirbet er Ruseifa Treatment Plant
(KRTP). The AWSA primary network in future years should .!!2! be subjected to
the unreasonable discharges of storm water via illicit connections that now occur.
On this assumption, the influent sewer capacity will be only moderately higher
than the peak dry weather flow of year ZOOO. A by-pass structure will be
incorporated in the wet well of the influent pumping station to permit future by
passing of surplus flows downstream to KRTP. For safety reasons, a plant by-pass
to the Seil Amman will also be incorporated. It should be used only when
absolutely necessary. Specific provisions for same should be developed and
implemented in strict conformance with public health requirements.

Septage and slaughterhouse wastes facilities will require special provisions and
are discussed in subsequent sections.

Influent Pumps

It is proposed that the influent pumps be of the Archimedes screw type as they
have been found to be reliable in operation and are less expensive than
comparable variable speed centrifugal pumps. The merits of this type of pump
have been discussed in detail in Chapter 6. For the Phase I Expansion program,
the pump station structure will be built for the year ZOOO peak flow of 135,000
m3/day. Seven pumps will be installed for year 1990 flows, of which five will be
in use and two will act as standby units. Two additional pumps will be added
subsequently to handle the year ZOOO flows, corresponding to six or seven active
pumps and three or two standby pumps.
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PRELIMINARY DESIGN AND COST ESTIMATE

The screw pumps will be installed in individual bays which can be isolated with
slide gates to facilitate routine maintenance. A sump will be provided in each bay
and a portable pump will be used to keep the bay dry during maintenance.
Removable aluminum covers will be provided over each screw pump and a flow
through ventilation system will be installed. These covers should minimize
problems due to thermal expansion, and potential odors, and provide safety
protection from the moving screw. The screw pump drive mechanism will be
protected by enclosures, which will also house the screw pump controls. A water
spray system will be installed to aid in preventing thermal expansion of the screw
pumps.

The screw pumps will handle varying rates of flow even when operating at fixed
speed. The pumping rate increases as wet well level rises and vice versa. Each
pump will have a nominal capacity of 21,500 m3/day at 6 en lift, and the pumps
will be autom atically controlled via wet well level. Pumping sequences will be
adjustable. A high water alarm will be included.

Design parameters are shown in Table 10-1. In addition to the by-pass at the wet
well, there will be a by-pass downstream of the influent pumps to prevent the
plant treatment WlitS from being subjected to flows in excess of their hydraulic
capacities. Such by-passes could be via overflow weirs set at predetermined
levels. The details of these by-passes will be established during actual design.
The intent is to minimize discharge of Wltreated sewage to the Seil Amman while
protecting the treatment plant and its operating performance. Public health and
safety considerations will be paramount.

Coarse Bar Screening or Comminution

Immediately downstream of the influent pumping station, the raw sewage flow
will be directed either through coarse bar screens or comminutors. The latter
remove coarse suspended solids from the flow entirely. The latter macerate the
suspended solids and leave them in the flow. The preliminary design recommends
the use of coarse bar screens, but defers the actual decision to the time of
detailed design. The following discussion indicates relevant considerations.

Both coarse bar screens and comminutors are adaptable to essentially the same
influent channels; there would be no significant structural or hydraulic differences
between these alternatives. Cost differences are minor. Comminutors normally
run constantly, while the automatic raking mechanism of coarse bar screens is
actuated periodically by rising upstream water level.

Comminutors reduce the coarse suspended solids in the flow to about 10 mm size,
and these are normally recovered in downstream treatment facilities. They have
the advantage to the plant operators of avoiding any physical operations involving
coarse bar screenings, often the most objectionable part of a wastewater
treatm ent plant.

In contrast, coarse bar screens intercept and remove gross suspended solids only.
These are screened out of the flow by vertical, sloping bars having clear openings
between them usually in the range of 18-30 mm. The advantage of this system is
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TABLE 10-1

DESIGN CRITERIA FOR

mFLUENTPUMPmG, BAR SCREENS AND

FLOW MEASUREMENT

Parameter

Influent Pumpinga

Average Dry Weather Flow, 1990

Peak Dry Weather Flow, 1990

Number of Pumps

Capacity, Each Pump

Screw Diameter

Lift

Size

Mechanically Raked Bar Screens

Number

Capacity (each)

Width (each)

Size (each)

Parshall Flum es

Number

Total Capacity (peak flow ZOOO)

Throat Width (each)

Value--

60,000 m3/day

108,000 m3/day

7 (up to 5 active,Z standby)

Zl,SOO m3/day

119 cm

6m

40 hp (30 kw)

3

64,700 m3/day (for peak

hydraulic capacity)

1.98 m

3 hp (Z.Z kw)

Z

194,000 m3/day

1ZZ cm

a For yea.::' ZOOO conditions, Average Day Weather Flow (ADWF) is 75,000 m3/day

and Peak Dry Weather Flow (PDWF) is 135,000 m3/day. There would be 9pumps

provided, with 7 active and Z standby at PDWF. Peak hydraulic plant capacity

would be limited by the capadty of all pumps, if active. Thus, for an ultimate of

9 pumps, assuming all active simultaneously, the peak hydraulic capacity of the

plant would be 194,000 m3/day.
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PRELIMINARY DESIGN AND COST ESTIMATE

the positive removal of certain suspended solids and the elimination of any
possible future difficulties with settling such solids if they were to have been
macerated in a comminutor. (This is not always an important consideration).
Coarse bar screening may be expected to produce approximately Z m3/day of
debri:3 for 60,000 m3/day of flow. This must be drained and disposed of, such as
by incineration or landfill. If used at AGTP, the appropriate disposal would
probably be by landfill.

Maintenance requirements for comminutors tend to be somewhat less than those
for automatically raked bar screens. However. comminutor installations include a
manually raked by-pass channel. The advantages of automatically raked bar
screens are believed to outweigh those communitors for AGTP, and therefore
coarse bar screens are recommended. Design criteria are presented in Table 10-1.

Flow Measurement

Influent flow measurement will be by two parallel Parshall flumes, the design
criteria for which are presented in Table 10-1. Provision of dual flumes will
provide a satisfactory accommodation of a wide range of flows, from near future
minimum hourly flows to ultimate peak hydraulic flow. A single upstream depth
measurement for each flume is converted automatically to the corresponding
instantaneous flow measurement, using conventional equipment and installation.

Grit Removal

Two parallel aerated grit chambers will be provided downstream of the Parshall
flum es. These will be of adequate capacity to handle year 2.000 peak dry weather
flows, as indicated in Table 10-2.. There will be considerable flexibility in this
arrangement, and it will be possible to have one or the other chamber out of
service for maintenance without impairing overall performance. During the early
yeill's, only one chamber need be used. However, during later years, best results
will be obtained when both chambers are in use.

Diffused air within the aerated grit chamber will roll the sewage helically as in an
activated sludge aeration tank using diffused air aeration. This action maintains
the organic material in suspension, aids its separation from inorganic grit
particles, and permits the grit to settle to the bottom of the chamber. The air
application rate should be adjustable to permit setting at the optimum rate.
Deposited grit will be collected in hoppers and withdrawn via non-clog recessed
impeller centrifugal pumps, designed such that the fluid being pumped does not
pass through the vanes of the impeller. Even rags that sometimes enter the grit
slurry will not clog these impellers.

The drawoff of grit will be automatically controlled by a timer which sets the
frequency and duration of pumping. The timer will be adjustable in order to suit
field conditions.

The grit will be pumped to twin centrifugal separators which will separate the grit
(inorganic particles and heavy organic particles) from the liquid. The liquid will
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TABLE lO-Z

DESIGN CRITERIA FOR

GRIT REMOVAL

Parameter

Aerated Grit Chambersa

Average Dry Weather Flow, 2,000

Peak Dry Weather Flow, 2,000

Detention Time (at PDWF, 2000)

Chamber Volume (total of 2)

Depth, Each Chamber

Width, Each Chamber

Length, Each Chamber

Air Requirement (avg., to be

adjustable)

Recessed Impeller Pumps

Number

Capacity (each)

Grit Processing Units

Centrifugal Separator::;;

Number

Capacity

Grit Washer/Classifiers

Number

Capacity

Value--

75,000 m3/day

135,000 m3/day

5 minutes

600 m3

5m

6m

8m

3

1.1 m3/min.

2

1.1 m3/min.

2

1.1 m3/min.

a At 1990 Average Day Weather Flow (ADWF) one chamber will provide 5.8

minutes detention. At 1990 Peak Dry Weather Flow (PDWF) one chamber will

provide 3.2, minutes detention time.
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return to the wastewater stream. The separated solids will pass through a grit
washer/classifier (essentially a small screw conveyor) which further dewaters and
cleans the grit. The dewatered grit is collected and disposal of by landfill. At the
Phase I design flow, up to about 1 m3/day of grit may be anticipated.

Flow Distribution

Flow leaving the aerated grit chambers will be distributed between the northern
and southern plants in accordance with their respective design capacities. This
will be done in a weir box using weirs of various crest lengths. By the end of
Phase I design period, 30,000 m3/day will flow to the southern plant site and
30,000 m3/day to the nO!,thern plant site. (Following Phase n expansion of the
Southern plant, the appurtenant weir length will be appropriately increased. The
hydraulics of the flow distribution for Phase I may be seen on the Hydraulic
Profile, Figure 10-3.

NORTHERN SITE WASTEWATER TREATMENT PLANT

In order for the northern plant site facilitiE's to treat 30,000 m3/day of flow by
the year 1990, major changes, certain upgradings, modifications and expansions
for the existing works will be required. The major change will be the introduction
of roughing filters and intermediate clarifiers together with all appurtenant
condui ts, piping, controls, and related works.

Primary Treatment Facilities

The existing primary sedimentation tanks will be retained for this use. Upgrading
for the Phase I expansion, will involve improvements for collection and removal of
sludge and skimmings as well as provisions for addition of polymer to enhance
sedimentation of raw suspended solids (Table 10-3).

The existing primary sedimentation tanks do not have automatic provision for the
removal of skimmings. Therefore, each upgraded tank will have a separate
skimmings collection system which will remove the skimmings from the surface of
the sedimentation tank. This involves a gear motor drive and chain/flight
collector plus a helical wiper which moves the skimmings up onto a beaching plate
from which it is carried to a trough flushed by pumped primary effluent. As at
present the skimmings will be collected in a sump and pumped to the digesters.

As there appears to be a problem with removing sludge from the existing tanks,
possible modifications may be made to the speed of the sludge collection flights.
Due to the high strength of the sewage, it appears that it may be necessary to
have the flights move faster than norm;;J to prevent gas formation and rising
sludge phenomenon.

Equipment will be provided for adding polymer to the wastewater to improve the
suspended solids and BOD removal efficiency of the primary sedimentation tanks.
The most appropriate location for polymer addition will be determined during the
final design phase.
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PRELIMIN ARY DESIGN AND COST ESTIMATE

TABLE 10-3

DESIGN CRITERIA FC·R

NORTHERN SrrF

PRIMARY TREATMENT FACILITIES

Parameter Value

':..

Primary Sedimentation Tanksa

Number, Total

Number Active, Phase I

Weir Length, Each Tank

Width, Each Tank

Length, Each Tank

Depth, Each Tank

Average Overflow Rate, 1990

Average Detention Time, 1990

Sludge Collection

SkImmings Collection

Polymer Addition Systemb

Capacity (dry Polymer)

Solution Tanks

Number

Capacity

6

4

110m

5m

51 m

3.0 m

Z9.4 m3/m Z/day

Z.4 hrs.

To be investigated/Upgraded

To be investigated/Upgraded

3.33 kg/hr (maximum)

Z

1000 liters

a Existing primary sedimentation tanks. For 30,000 m3/day.

b New facilities for improved BOD removal. Dosages to be optimized, depending

upon field experience.
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PRELIMINARY DESIGN AND COST ESTIMATE

Biological Treatment Facilities

The Phase I expansion of the northern plant will include the introduction of
roughing filters and intermediate clarifiers ahead of the existing aeration tanks
and related items. The design parameters are presented in Table 10-4. The
blowers will be maintained and a new blower will have to be provided to provide
sufficient air capacity even with the reduced influent BOD load. In particular,
the diffusers system ""ill require careful revamping to improve oxygenation
efficiency and reduce burtl~nsomemaintenance requirements.

Final Clarifiers

The six, existing rectangular, final clarifiers will be modified for improved
settling performance by removal of the horizontal "false floor" slab and
appropriate bracing as described in Appendix G1. This will reduce bottom scour
and consequent resuspension of flocculent particles. In addition, minor
modifications for level control and skimmings collection/removal should be
accompUshed.

Chlorination Facilities

A new chlorine contact chamber, of the baffled, serpentine flow type, will be
provj\ded. The design c~'iteria are as follows:

I

Number of basins
Type
Average Detention
Volume
Depth
Width by Length

1
3-pass, serpentine flow
90 minutes, at ADWF
1,875 m3 total
5m
5 m x 2.5 m (each pass)

The structure is indicated on Figure 10-1.

The existing chlorine feed facilities in the maintenance building will be replaced
with new equipment, suitable for the expanded facilities and anticipating an
ultimate peak flow and chlorine demand in year 2.000. Chlorine feed will be
automatic, flow-proportional, and a chlorine residual analyzer will be provided.
The new chlorination facilities will deliver regulated quantities and strengths of
chlorine solution to this chlorine contact chamber as well as to the southern plant
chlorine contact chamber.

SOUTHERN SITE WASTEWATER TREATMENT PLANT

The southern plant site will contain a complete and independent 30,000 m3/day
wastewater treatment plant, expandable to 45,000 m3/day capacity. However,
the primary, humus and waste activated sludges from this plant will be processed
in common with those produced at the northern plant, as will all skimmings.
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PRELIMIN ARY DESIGN AND COST ESTIMATE

TABLE 10-4

DESIGN CRITERIA FOR
NORTHERN SITE

BIOLOGICAL TREATMENT FACILITIES

Parameter Value

New Roughing Filters
Average Flow (Dry Weather)
Number of Units
Diameter by Height
Area (each)
Media Volume (each)
Surface Loading (without recycle)

Average Daily
Peak Hourly

BOD Loadinga
Total to Units
Unit Rate

BOD Removal, Typical
Recirculation Ratio
Hydraulic Loading with Recycle

Recycle Pump Station
Average Flow
Total Dynamic Head, Typical Pump
Total Pumps Required
Capacity, Each Pump
Motor Size, Each Pump

Intermediate Clarifiers
Surface Loading
Total Surface Area
Number of Units
Width by Length (each)
Depth (each)
Detention at ADWFb
Humus Sludge Pumps (Direct to Digester)

Number
Capacity (each)

Aeration Tanks (Existing/Upgraded)
Number of Units
Volume (each)
Detention at ADWF
BOD Unit Loading

30,000 m3/day
2
26 m x 5.8 m
531 m 2
3,078 m 3

28 m3/m 2/day
51 m3/m2/day

17,550 Kg/day
2.9 Kg/mJ/day
50%
3
113 m3/m 2/day

120,000 m3/day
10 m
3 Active, 1 Standby
27.8 m3/min.
100 HP (75 KW)

32 m3/m2/day
938 m2
4
6 m x 39 m
3.3 m
2.5 hr

3 Active, 1 Standby
1 m3/min. (10 HP)

6
1,766 m3
8.5 hr
0.83 Kg/m3/day

a Primary effluent assumed as 585 mg/l, corresponding to 35% primary
removal.

b Average Dry Weather Flow (ADWF) is 30,000 m3/day.
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Primary Treatment Facilities

The design criteria for these primary tanks are presented in Table 10-5. A pipe
gallery will be constructed at the influent end of the primary sedimentation tanks.
This pipe gallery will house the primary sludge pumps and associated piping cu,d
valving. The present type of plunger pump already in use at AGTP appears
suitable for this service. The design parameters for the pumps are included in
Table 10-3. The frequency of sludge pumping will be controlled with timers which
will set the on-off pumping cycles and the duration of pumping from each
sedimentation tank. The amount of time for sludge drawoff from each tank will
be controlled by automatically operated gate or plug valves controlled by
individual timer for each tank. These timers will be easily adjustable based on the
operators' observation of the amount of the sludge accumulating in the sludge
hoppers.

The discussion of the northern site primary treatment facilities also applies
generally to the southern site facilities. Sludge and scum removal facilities will
be the same as for the northern plant. Primary effluent will flow directly to the
recycle pump station serving the roughing filters.

Biological Treatment Facilities

The new biological treatment facilities in the southern plant are designed using
the same criteria as those for the northern plant, as indicated in Table 10-6. The
location of these and other facilities is shown in Figure 10-2..

Final Clarifiers

The discussion of final clarifiers in the northern plant should be used as a
reference. The Returned Activated Sludge (RAS) and Waste Activated Sludge
(WAS) pumps will be located in a pipe gallery between the final clarifiers. Each
clarifier will be provided with an individual RAS pump with a third acting as
standby. The design criteria for the final clarifiers and the RAS and WAS pumps
are presented in Table 10-7.

ChloriDation

The southern site plant will have its own chlorine contract basin. The chlorine
solution will be generated by new equipment located in the existing chlorine room
as discussed for the northern plant site. This will be pumped to this new chlorine
contact chamber. It will be of similar design, baffled with serpentine flow, as the
northern site basin. The design parameters are included in Table 10-7.

SLUDGE PROCESSING

By the year 1990, the AGTP will be generating at least 64,000 kg/day of primary,
humus, and waste activated sludges including the sludge contribution from the
UWATP. This will require an expansion of the sludge treatment facilities. These
facilities, however, need not be constructed all at once but may be spread out
over a few years. The "existing" 18,000 m3 of digesters have an effective

10-12.
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PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-5

DESIGN CRITERIA
FOR SOUTHERN SITE

PRIMARY TREATMENT FACll,1TIESa

Parameter

Primary Sedimentation Tanks

Value

Number (all active)
Average Overflow Rate
Average Detention Time

Weir Length
Width
Length
Depth

Prim ary Sludge Pumps

Number
Type
Capacity
Size

4
40 m3/m 2/day
2.1 hrs
110m
5m
37.5 m
3.5 m

3
3 stage, plunger type
54 m3/hr
15 hp

a Phase I capacity is shown and corresponds to 30,000 m3/day, expandable by
50 percent.

TABLE 10-6

DESIGN CRITERIA
FOR SOUTHERN mE

BIOLOGICAL TREATMENT FAcn.ITIEsa

Parameter Value

New Roughing FUters
Average Flow
Number of Units
Diameter by Height
Area (each)
Media Volume (each)
Surface Loading (without recycle)

Average Daily
Peak Hourly

BOD Loadingb
Total to Units
Unit Rate

Recirculation Ratio
Hydraulic Loading wi th Recycle

30,000 m3/day
Z
26 m x 5.8 m
531 m2
3,078 m3

28 m3/m 2/day
51 m3/m2/day

17,550 Kg/day
2.9 Kg/m"3/day
3
113 m3/m2/day

a Phase I plant capacity is 30,000 m3/day, expandable by 50 percent.
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PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-6
(Continued)

Puameter

Recycle Pump Station
Average Flow
Total Dynamic Head, Typical Pump
Total Pumps Required
Capacity, Each Pump
Motor Size, Each Pump

Intermediate Clarifiers
Surface Loading
Total Surface Area
Number of Units
Width by Length (each)
Depth (each)
Detention at ADWF
Humus Sludge Pumps (Direct to Digesters)

Number
Capacity (each)

Aeration Tanks
Number of Basins
Length x Width (each)
Sidewater Depth
Volume (each)
Detention, Average
BODS Applied

Total Loading
Unit Volume Loading

Oxygen Required,
Connected Aeration Capacity
F/M
MLVSS

10-14

Value

120,000 m3/day
10 m
3 Active, 1 Standby
27.8 m3/min.
100 HP (75 Kw)

32 m3/m2,/day
938 m2,
4
6 m x 39 m
3.3 m
2.5 hr

3 Active, 1 Standby
1 m3/min (15 HP)

4
2,2.5 m x 2,2.5 m
6.0 m
3,031 m3
9.7 hr

8,775 Kg/day
0.724 Kg/m3/day
12,300 Kg/day
430 KW
0.34
2,,130 mg/l

~\
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PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-7

DESIGN CRITERIA
FOR SOUTHERN SITE

FINAL CLARIFIERS AND CHLORINE CONTACT CHAMBER

Parameter

Final Clarifiersa
Number (all active)
Diameter
Sidewater Depth
Weir Length
Surface Area
Design Surface Loading

Average
Extended Peak
Peak

Design Detention Time
Average
Extended Peak
Peak

Return Activated Sludge Pumps
Number
Type

Capacity
TDH
HP

Waste Activated Sludge Pumps
Number
Type

Capacity
TDH
Size

Chlorine Contact Chambera
Number Basins
Type
Average Detention Time
Volume
Depth
Dimension

a For 30,000 m3/day ADWF =1541.7 m3/hr

10-15

Value

Z
35.7 m
3.8 m
llZm
1,000 m Z, each

15 m3/m Z/day
Zl m3/m Z/day
Z7 m 3/m Z/day

6.Z hrs
4.3 hrs
3.4 hrs

3
Centrifugal, nonclog,
variable speed
4,000 to ZO,OOO m3/day
Z.O to 5.0 m
40

3
Centrifugal, nonclog,
variable speed
1100 to 3000 m3/day
3 m to 6.8 m
7.5 hp

1
3 pass, serpentine flow
90 minutes
1,875 m 3
5m
lOx37.5m
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PRELIMINARY DESIGN AND COST ESTIMATE

capaci ty to process about 28,800 kg/day of the volatile solids component of the
sludge or perhaps 36,000 to 40,000 kg/day of total sludge solids. Waste activated
sludge will constitute a significant portion of the future load, and it is imperative
that it be as concentrated as possible prior to digester feed so that digester
capacity be full utilized. Therefore, in addition to three new anaerobic digesters,
Phase I will also require a waste activated sludge thickener and expanded
dewatering capacity for digested sludges.

Sludge Thickening Facilities

The inadequacies of the existing gravity thickeners have already been discussed in
Chapter 6. To improve the sludge thickening process for Waste Activated Sludge
(WAS), the existing gravity thickeners will be converted to dissolved air flotation
type thickeners. The mechanical equipment associated with the new thickener
units will be housed in a building to the south of the thickeners. This equipment
consists of pumps, air compressors, and polymer mixing and metering equipment.
The design parameters are presented in Table 10-8. During Phase I, the
thickeners will be operated intermittently, as required. Future sludge quanti ties
will require continuous operation and possibly the addition of a new unit located
on the southern plant site.

Anaerobic Digestion

By the end of Phase I design period, the current four digesters will have been
supplemented by three new anaerobic digesters to accomodate the increasing load
of sludge produced at the expanded AGTP and new UWATP. Each digester will
have a fixed cover, be completely mixed, and have a capacity of 6,SOOm3• The
temperature of the digesters will be maintained at 3SoC to achieve optimum
operation. Heating will be by steam injection. Mixing will be via compressed
digester gas injection. The gas will be injected at the rate of 2.S m3 of gas per
thousand m3 of digester volume. One operating and one standby compressor will
be required for each digester. Digested sludge will be collected from the
digesters by gravity, drained to a digested sludge wet well and pumped to the
sludge holding tanks. The design parameters for the anaerobic digesters are
presented in Table 10-8.

Sludge Dewatering

It is estimated that the present programmed belt presses will be capable of
dewatering the sludge generated until 1987. At that time two belt presses are
projected to be operating co.ltinuously and the third intermittently. By this time,
an additional belt press must have been installed as a standby. The belt presses
will produce a minimum of 20% solids dewatered cake which will be discharged to
sludge trucks and disposed of at the landfill.

Digested Sludge Trucking

The solids dewatering facilities will produce a dry sludge cake which will be
transported to the Muwaqqar landfill site. The start-up of the solids dewatering
facilities will dictate the need for four twelve cubic meter capacity trucks. By
1990, a total of nine trucks will be required. The proj ected dried sludge
production and estimated requirement for haul trucks throughout Phase I are
presented in Table 10-9.
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TABLE 10-8

DESIGN CRITERIA FOR AGTP
SLUDGE PROCESSING FACILITIES

Parameter Value--
Dissolved Air Flotation Thickenersa

Number
Diameter
Effective Area (each)
Solids Loading Rate (TSS)
Air to Solids Ratio
Polymer Dose
Solids Capture
Type of Pressurization

Polymer System
Capaci ty (dry polyrller)
Storage Tanks

Number and Capacity
Metering Pumps

Number and Capacity
Type

Size
Anaerobic Digestersb

Number and Volume (each)
Unit Volume
Detention Time
Solids Loading Rate
Volatile Solids Reduction
Gas Production
Heat Value of Gas
Operating Temperature

Digested Sludge Dewatering
(The fourth belt press of the current
installation will be required prior to
1990)C

2
12.2 m
93.4 m2
88 kg/m 2/day
0.03 kg/kg
5 kg/1000 kg solids
90%
recycle flow

14 kg/m

2 @ 4500 liters

3 @ 1.7 m 3/hr
progressing cavity,
variable speed
2 hp

3 @ 6500 m3
0.043 m3/capita
20 days
1.6 kg VS/m3/day
45%
0.94 m3/kg VS reduced
6.21 kwh/m3
350 C

a Converted from existing gravity thickeners. The effective (surface) area of the
dissolved air flotation (OAF) unit is somewhat less than that of the gravity unit.

b Data shown are for the new facilities. These will augment the four existing
digesters (two, original, at 3000 m3 each; two under construction of 6,000 m3
each). This will correspond to a connected population in 1990 of about 872,000
persons. Unit loadings to both existing and new digesters will be generally the
same. Raw sludge and thickened WAS feed to the digesters is expected to
average about 4 percent total solids, dry basis. The projected gas production from
all digesters is 25,000 m3/day, corresponding to a theoretical 6,570 kw at 100
percent thermal efficiency and an actual value of about 2,000 kw. It is proposed
that two 500 kw units be provided initially, whenever funding so permits.

c The belt presses (designed by others) will operate at a unit loading rate of up to
kg/m 2/hr. By 1990 the three belt presses will be operating at nearly 22 hr/day.
The fourth Wlit will be on standby.
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TABLE 10-9

DEWATERED SLUDGE PRODUCTION AND REMOVAL

Projected Dewatered Sludge
Number of

Year Kg/day m3/day~ Haul Trucks2

1981 13,ZOO 84 4

198Z 16,500 105 5

1983 19,800 1Z6 5

1984 Z3,100 147 6

1985 Z6,400 168 6

1986 Z9.700 188 6

1987 3Z,900 Z09 7

1988 36,300 Z30 8

1989 39,600 Z51 8

1990 4Z,800 Z70 9

a Assumes ZO percent dry solids by weight. Bulk density is 800 Kg/m3•

b Assumes up to 8-hr/day, 7 days/wk operation for all trucks, operating between
AGTP and Muwaqqar landfill.
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Energy Recovery

An energy recovery facility using cogeneration with digester gas is recommended
as part of the Phase I expansion if funding will permit. The facility would initially
include two 500 kw gas engine generators. Digester gas resulting from digestion
of sludge solids derived from 40,000 m3/day of wastewater flow would support
these units. Electricity generated would be available for plant use. The waste
heat from the generators would be used for heating of digesters. The units would
be housed in a building capable of accomodating future units as well with an
ultimate system capacity equivalent to year 2000 flow of 96,000 m3/day. The
40,000 m3/day flow would be reached by about 1985.

The cost of this facility with initial units is estimated to be at least JD 760,000,
possibly more, of which JD 650,000 is a foreign cost and JD 110,000 local cost. If
capital funds availability permits undertaking this cogeneration project, purchased
power costs would be significantly reduced.

SEPTAGE AND SLAUGHTERHOUSE WASTES

Discharges from septage tank trucks and the municipal slaughterhouse both have
major impacts on the opel'ation of the AGTP. The septage, which is largely
discharged during the daylight hours, disturbs the plant operation and raises the
plant influent BODS an estimated 10 percent during this time. The slaughterhouse
waste discharges are received at the plant from early morning to early aftel"nOOn
and cause large quantities of grease to accumulate in the primary sedimentation
tanks. Chicken feathers are a nuisance and are frequently observed floating on
the surface of the final sedimentation tanks. The adverse effects of both these
wastes can be minimized with pretreatment as discussed below.

There are two alternatives for handling the septage. The first involves a covered
holding basin or catch tank from which the septage is pumped to AGTP in
proportion to the raw sewage inflow. This method eliminates shock loads from
the septage upon the treatment plant units.

The catch tank would be designed against sulfide-sulfuric acid corrosion as a
precaution. However, the contents would not be deliberately aerated, as this
would strip sulfide gas, exacerbating potention odor and corrosion problems.

The second alternative involves pumping the septage directly to the digesters.
The septage is basically a partially anaerobically digested sludge. Thus, it seems
reasonable to treat the sludge futher using the same process. This would improve
the treatment plant operation and remove a BODS load from the wastewater
treatment process. A literature search has not revealed any installations where
this is practiced, but the August 1980 EPA Research and Development publication
"Septage Management" suggests disposC'1 to anaerobic digesters as an alternative
to disposal into the liquid stream at a tnuniciral wastwater treatment plant. In
either case, screening, degritting, and flow eql lization are recommended.
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PRELIMINARY DESIGN AND COST ESTIMATE

Therefore, JMM/DMJM recommends that a pilot program be initiated. The
effect on the anaerobic digesters' operation would be carefully monitored. If
proven successful, this alternative would be adopted. The location of the new
facility, including receiving tank, degritting, pumping, metering, etc., would be as
indicated in Figure 10-1.

SlaughterhoufJe Wastewater

The wastewater from the slaughterhouse is of high strength but is still fresh and
aerobic. Therefore it could be aerated with benefit prior to blending with AGTP
influent. The flow should be screened adequately at the municipal slaughterhouse
and then conveyed to an open, aerated basin at AGTP for subsequent metering
into the influent stream, generally in proportion to influent flow. A grinder
should be installed prior to the basin to macerate any large material. It is
recommended that the existing pre-aeration facilities at AGTP be used. Existing
diffused aeration may suffice; if not, mechanical aeration should be used to
aerate and mix the waste. The aeration will not reduce the BOD significantly but
will maintain freshness. After a few years of this operation, the slaughterhouse
operations and wastewater production should be reevaluated. Currently, poultry
slaughtering is the major producer of wastes, and it is planned that the operation
be expanded. Sheep slaughtering is still significant, although sheep are now being
imported in Jordan already t1dressed" to a greater degree than previously. The
future level of slaughtering of sheep and larger animals is somewhat uncertain;
hence, the need for reevaluation.

The problem of chicken feathers in the wastewater could be eliminated by
adequate pretreatment of the poultry processing wastewater. The flow already
passes through a rotating screen located within the slaughterhouse, intended to
intercept and remove chicken feathers and other solid wastes from the waste
water. Expanding and upgrading this operation could greatly lessen the problem
with chicken feathers and entrails at the AGTP. However, pretreatment by
passing at the slaughterhouse must be eliminated. Also grease removal pretreat
ment would appear desirable.

ELECTRICAL DISTRIBUTION, CONTROLS AND INSTRUMENTAnON

The electrical distribution, controls, and instrumentation at the expanded and
upgraded AGTP deserve careful attention. These itelDs represent significant
costs in the overall plant. The electrical facilities for the new work must
consider not only cost but also flexibility, reliability, ease of operation, and safety
of personnel. Controls must anticipate all possible working conditions and avoid
undue complexity. The instrumentation work must be adequate for process
control needs but also have relative simplicity for operator use, understanding,
and maintenance. The following discussions concerning instrumentation presume
that a reasonable level of operator competence, commensurate with the nature of
the process and importance of the AGTP, will be provided in future years to
utilize and maintain the essential instruiuentation.
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.' PRELIMINARY DESIGN AND COST ESTIMATE

Electric;}j Distribution

The existing distribution and utilization voltage at the plant is 220/380 volt, 3
phase, 4-wire, and the present system capacity has provisions for future loads.
However, the proposed plant expansion exceedr.; these provisions and, therefore,
major additions to, and modifications of, the electrical system are required. The
large loads and longer distances between load centers lend themselves to a higher
distribution voltage. This has been considered, but several other factors favor the
continuation of the 220/380 volt system. The main factors are:

• 1) Safety. Low vol tage versus high•

2) Ease of maintenance. All equipment is of same type.

3) Ease of operation. All equipment has basically same voltage rating.

4) Compatability with existing equipment.

5) Flexibility. System configuration can be easily changed by using
transfer switches without the need of transformers.

6) Cost. Cost is comparable to high voltage system.

For the Phase I expansion, it is proposed that a second tl"ansformer station be
supplied by the Power Company. This will take advantage of a new load center
being served by high voltage (6.6 KV) without the associated drawbacks of high
voltage equipment, since the Power Company will operate and maintain this
6.6 KV-220/380 volt transformer substation. A commitment from the Power
Company for this arrangement shall be obtained in advance. Circuit breakers and
enclosed switches will be utilized for safety, reliability, and ease of operation and
mail1tenance.

Gas engine driven generators installed to utilize digester gas for cogeneration will
involve manual switches for load transfer in most cases. Where appropriate, these
switches will also serve as disconnecting means for switchgears. The Wlderground
portion of the distribution system will be with direct burial multiconductor cables,
a protective cover of concrete or clay tile and earth as final backfill.

Controls

The controls for equipment will be stra.igntforward with limited or no automatic
feedback control. Feedback .....ill bp provided by the plant operating personnel by
making manual adjustments based on the observed process conditions. Controls
for major equipment would be as follows:

• Influent pumps: Hand-Off-Automatic (H-Q-A), automatic sequencing on
wet well level.
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• Raw sludge pumps: H-O-A automatic on-off control with interval timers,
and elaps~d time meters.

• Aerators: On-off manual for each; manual switching from central control
room's Main Control Board (MCB) for high-speed and low spaed operation
(if required). One switch for a group of aerators and indicating "unit
running" lights for each unit at MCB.

• RAS and WAS pumps: On-off manual. Manual variable speed setting.

• Chlorination: H-O-A. Automatic flow pacing from influent flow.

• Start-up Control after power outage: Automatic start time sequencing of
major equipment and group of loads will be provided to limit electrical
power surges and prevent nuisance tripping of protective devices when
power is restored after a power outage.

• Alarms: Alarms will be installed at the MCB and local panels, as an
extension of the existing alarm system with horns and silencing push
bot tons for such functions as flooding, major equipment failures, low
suction shut-down of pumps, etc.

Instrumentation

Sufficient field proven equipment will be provided to allow reliable process
monitoring and adequate process control. The following process variables will be
metered indicated (I) and/or recorded (R) and/or quantities totalized (Q) either
locally (local) only, or at the Main Control Board (MCB).

• Plant influent flow. Parshall Flumes with sonic level sensing unit or float
unit in stilling well with continuous freshwater purging. Flow rate local:
I, MCB:IRQ.

• Plant effluent flow. Same as influent except no water purging require
ment.

• RAS flow. Magnetic flow meter with automatic electrode cleaning f01:'
each secondary clarifier. Flow rate local I, MCB:IR.

• WAS flow. Magnetic meter same as RAS. Local flow: I, MCB:IRQ.

• Sludge flow to Digester. Magnetic meter same as RAS with local IQ and
resettable batch counter for valve control.

• Thickened WAS flow. Magnetic meter same as RAS. Local flow: I, MCB:
IRQ.

• Digester gas flow. Vortex meter or combination venturi, valve and orifice
meter for wide flow range application. Local flow rat:::: I, MCB: IRQ.
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PRELIMINARY DESIGN AND COST ESTIMATE

• Dissolved Oxygen (D.O.) meter. This will be a portable unit complete
with calibration equipm ent.

• Chlorine residual: Local I, MCB = IR.

The units, snch as transmitters, indicator, recorders, will be electronic for
operation on 4-20 rna d.c. loops, except for batchmetering, where pulse rate will
be utilized. Recorders will be 10 em strip-chart type with indicator and chart
scales to read in units rather than zero to 100 percent.

IMPLEMENTAnON

Implementation of the improvements at AGTP should be undertaken in the most
expeditious manner that will produce high quality results, in view of the need for
the upgradings and capacity expansion. To this end, it is possible that separate
contracts should be awarded for furnishing mechanical-electrical equipment and
for civil type construction, respectively. The former would include furnishing
such items as:

• Pumping units (pumpr., motors, and appurtenances) and controls

• Valves, sluice gates, slide gates, and piping other than reinforced concrete

• Mechanical-electrical equipment for comminution or screening, primary
and secondary clarification, activated sludge aeration, digester heating
and mixing, sludge thickening and dewatering, chlorination, metering of
wastewater and sludge, and ventilation.

• Instrumentation and control equipment

• Electrical power, control, and distribution equipment, conduit, wiring, and
appurtenances

• Lighting, heating, and miscellaneous plumbing and mechanical equipment
for buildings and structures

The mechanical-electrical equipment procurement would be via various tenders
embodying detailed descriptions, references to recognized standards and other
requirements, not merely performance type specifications. The civil type
construction would include installation of the aforementioned equipment as well
as of locally-produced piping, equipment, and building materials and imported
reinforcing steel, structural steel and building materials. This would correspond
generally to standard practice in Jordan. A series of construction contracts would
be involved.

The alternative approach would be to have the general contractor(s) both furnish
and install all mechanical-electrical equipment as well as performing construction
with locally-produced materials and equipment. Prior to undertaking detailed
design, an evaluation of current circumstances would be made and recommenda
tions presented to the appropriate authorities for prior approval. This could be in
conjunction with a predesign report.
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The tentative timetable of events for implementation of the construction program
is as follows:

Event

Commence Design Work
Complete Design Work
Begin Construction, Phase IA
Complete Construction, Phase IA
Begin Construction, Phase IB

(Some overlap with Phase IA)
Complete Construction, Phase IB

(Possibly, Phases IA and mcould be
consolidated into a single package)

Date

February, 19820
December, 19820
February, 1983
August, 1984
February, 1984

February, 1985

The construction work would include the major work items as previously described
and as outlined subsequently in Table 10-10. The two phases could be consolidated
into one package.

The construction work program will raise the AGTP's ca;acity to 60,000 m3/day,
including the capability of processing sludges generated at \-he UWATP.

COST ESTIMATE

This section presents the construction and project costs associated with the major
sub-phases of the AGTP expansion. All costs are calculated for Fall, 1980,
conditions in Jordanian Dinars. Table 10-10 presents a summary of construction
costs of the major work items, including a breakdown between local and foreign
costs.

Project costs are construction costs plus implementation costs, which include
contingencies, engineering, legal, contract administration, surveying and inspec
tion. The implarnentation cost of each project is estimated to be fifty percent of
the construction costs. The estimated construction, implementation, and total
project costs for Phase I Investment Program for AGTP are:

Construction Implementation Total Project
Cost Cost Cost

Phase (JD 1000) (JD 1000) (JD 1000)

IA 10,8820 5,441 16,3203

m 981 491 1,4720

Total Cost 11 ,863 5,9320 17,795
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TABLE 10-10

AIM GHAZAL TREATMENT PLANT
CONSTRUCTION COST E.~ATEFOR PHASE I EXPANSION a

Estimated Coustruction Cost, JD 1,OOOb
Uajw Work Item Commenta Local Fweign Total

'tI

(I)
::0

Site preparation, new Site grading, anticipating future 340 435 715 tt1
influent sewer, new headworks developments; relocation of septage ~

t-4

including influent pumping dumping operation; new power traas- 3::
t-4

station, mechanically raked former station and beginning of power Z
bar screeus, aerated grit distribution; associated yard piping; ;I>

~removal facilities, flow divenion structure on existing >-<:
splitting structure, sewer influent sewer; by-passes from head- tJ
connections, new septage works, including temporary rerouting tt1- holding basin, initial of plant influent permitting existing CIl

t-4
0 ClI connection to digester, and influent sewer to be removed to make
N Z
U1 aeration for slaughterhouse way for new treatment plant units.

wastes (using existing ;I>
Z

aerated grit removal as tJ
soon as available) n

0
(l) Modifications of existing Involves sludge and scum removal 14 46 60 CIl

t-i
primary sedimentation improvement., ail' diffusion improve- tt1
tanks and of aeration basins ment., certain level controls and CIl

t-ion northern plant site appropriate piping. Includes yard t-4

piping and electrical work. ~
;I>
t-i

(3) New roughing filten, recyclec To be introduced (in the proceS!' 550 I,Ill 1,6n tt1
pump station, and intermedi- stream) between existing primary
ate clarifiers at existing tanks and aeration tanks, for
AGTP (northern site) 30,000 m3/day capacity.

,



Major Work Item

TABLE 10-10

(Continued)

Comments
Estimated Construction Cost, JD 1,000

Local Foreign Total

oI
N
0'

(',
- .--..
~v

(4)

(5)

(6)

Modifications of RAS/WASc
pump station and of final
clarifiers on northern
plant site.

New roughing filters
activated sludge treatment
plant on southern plant
site, 30,000 m3/day
capacity.

Two anaerobic digesters
on northern plant site,
including control building.

Makes use of existing works with
minimal modifications.

Complete with basic process units
(including chlorine contact), yard
piping, electrical work, final grading,
most paving and miscellaneous work.
Must await removal of existing in
fluent sewer, being supplanted by
rerouted influent se:ver and by-passes.
Work should preferably precede Items
(2.), (3), and (4) for best continuity
on trating plant influent.

Piping connections for raw sludge
t.etween new, existing, and future
primary sedimentation tanks; for
humus sludge from intermediate
clarifiers; for WAS from existing
thickeners (being converted to
DAF 1Dlits); for digested sludge
to belt press buildingS; for sludge
gas to existing gas piping and
future cogeneration site. Control
Building to include piping antici
pating two future digesters.

100

I,ZOO

940

12.4

2.,430

300

2,2,4

3,360

1,2.40

'tl
::0
t:z::1
t-<
~....
Z
~
::tl
0<
o
txj
en....
C1z
~
Z
t:l
()

o
en
I-j

t:z::1en
d
~
~
I-j
t:z::1

--



TABLE 10-10

(Continued)

Estimated Construction Cost, JD 1,000Major Work Item Commeata Local Foreign Total
(7) Conversion of gravity In order to maintain some 70 Z4Z 31Zsludge thickeners to thickening continuity, conversion

"d
dissolved air flotation of two existing units to DAF will

::uthickeners for WAS. be successive. Yard piping and
tr:lelectrical work are included. /""'
i-t

~(8) One belt press wlit in Existing installation (built l5 115
.....90 Zthe new sludge dewatering during 1981) will anticipate this :>building on the northern (fourth) unit. ::u
>-<:plant site

t:l
tr:l(9) Operations building for Including offices, laboratory, and 67 83 ISO (/).....- southern plant site motor control board room. (;)0

Z
I

N
(10) Motor control building Providing centralized motor control 10 15 Z5 :>

-.I

Zfor southern plant site for all major motors in the complex.
t:l

(11) ()Chlorine and standby Includes chlorine storage, handling, IS lO 35 0generator building and feeding for southern plant. (/).,St~by generator is far southern
tt.1plant site facilities plus certain enkey elements on northern site :j

(beadworks).
~
:>(ll) For operation on digester gas in- 650
.,Energy recovery system 110 760 tr:lfor digester heating and corporating the results of Consultantproduction of electro- study of alternatives. May incorp-mechanical energy from orate direct drive of blowers via

combustion of sludge gas internal combustion engines. Based
upon plant flow of 40,000 m3/day,
expandable to 6C/lOO m3/day.

(-....

---.;;;;:- ..



TABLE 1~10

(Continued)

Estim...ted Coustruction Cost, JD 1,000
.....jor Wmit Item Comments Local FOI'eign Total

(13) Related civil, architectural For work not otherwise included 754 1,130 1,884 "tl
mechanical, structural, in items (I) through (8), including ~

electrical and landscape addition piping and power distribu- ~
t""

work. tion, certain standby power facilities, ......
~

miscellaneous structures, access ......
Zroads, fencing, building additions, ;I>

and landscaping. ::t1
0-<

Subtotal Phase lA, Items (I) through (13) .,195 6,687 10,882 t1
t:rj
(J1

..- (14) Permanent outflow arrange- Piping eitJ.'1e!' to plant influent 15 20 35 ......
0 C
I ments from septage holding ahead of aerated grit removal or Z

N
OQ basin based upon laboratory direct to digesters (following grit ;I>

and pilot test program removal), depending upon laboratory Z
results. and pilot plant findings. Will in- t1

clude metering and controls. ()

0
(J1

(15) Permanent modifications to Piping, flow metering, grinders, and 10 15 25 I-j

initial arrangements fOl' use miscellaneous electrical and other toj
(J1

of existing pre-aeration work. I-j

basins fOl' aerating slaughter- ......
~

house wastes, based upon ;I>

experience and laboratory I-j

studies.
toj

(16) One new anaerobic digester Includes usual piping and electrical 470 150 620
on northern plaIat site. worlt and will also anticipate

possible future DAF at northern plant
site.

-,



TABLE 16-10

(Continued)

Estimated Construction Cost, JD 1,000
Major Work Item Comments Local Foreign Total

. '1:l
(17) New chlorination facilitiesd Careful staging of new equipment 10 no 120 :=0

t:j
to serve entire AGTP. during construction may avoid the t"'

need for temporary facilities while
....
3:

maintaining continuity of chlorination. ....
Z

Yard piping and electrical work are ;I>
included. ::d

0<
(18) New chlorine contactd Occupies site of existing chlorine 55 Z6 81 t:l

chambers on northern plant contact basin which must first be
t:j
C/l.... site. demolished. Possibly interim capacity
....

0 (;)
I could be provided if required. :z:

N
-Q >

(19) Related civil, arcbitec- Generally comparable to Item (9) 40 60 100 Z
bRal, mechancial, above 0

structural, electrical ()
0

and landscape work. C/l
t-3
t:j

Subtotal Phase JB,ltema (1.) tbrouah (19) 600
C/l

381 981 t-3....
~

GRAND TOTAL, PRASE I EXPANSION, AGTP ",195 1,068 11,863 >
t-3
t%1

_______________1



•

TABLE 10-10

(Continued)

a Cost levels are late 1980 basis.

b Project cost is 50 percent greater than construction cost, based on the following:

c An alternative would be to convert t.he existing final clarifiers to intermediate clarifiers following the roughing filters and to
construct new final clarifiers and a new RAS/WAS pump station following the upgraded existing aeration tanks. Such a selection
would increase the total costs for items (3) an (4) by about JD 600,000 but would provide improved system performance.

d Although not included in basic design packages, these facilities should be provided in Phase m if not in Phase IA for reasons of
improved disinfection.

-o
I

W
o

6
,

Item

Basic Engineering
Soils Engineering for Construction
Surveys for Construction
Laboratory TestiDg for Construction
Construction Inspection
Contract Administration
Legal Work on Project
Contingencies, for Construction and

various Implementation Items
Total

Percent of Construction Cost

7
1
1
1
4
3
3

30
50

'U
?:::J
tt:I

t:s:.....z
>
~
>-<:
t:l
tt:I
en.....o
z
>z
o
a
o
en.,
tt:I
en
:j
s:
>.,
t:J



PRELIMIN ARY DESIGN AND COST ESTIMATE

UPPER WADI ABDOUN TREATMENT PLANT

A treatment plant site has been identified on the upper tributary of the Wadi
Abdoun from which it is possible to discharge treated effluent directly into Wadi
Kafrein, bypassing the Seil Zarqa. The advantages have already been discussed in
Chapters 8 and 9. This treatment plant has been recommended for construction in
the Phase I expansion.

The projected average and peak flows for the ZO-year design period for UWATP
are pJ'esented below:

Average Flow
Peak Flow

1990
(m 3/day)

8,000
17,600

2.2,000
42,700

It is anticipated that the plant will start up in May, 1985. At that time, the
average daily flow is estimated to be about 4,000 m3/day. The plant will be
designed in modules such that expansion to meet increasing flows may be
accomodated with ease.

Reliability of operation is another major concern. The treatment pro'dsion units
as well as the mechanical equipment will have adequate standby provision such
that the treatment will not be interrupted long enough to cause degradation of the
effluent quality.

The UWATP will not have any solids handling facilities. Primary sludge and waste
activated sludge will be returned to the sewer for treatment at the AGTP. This
greatly simplifies the operation at the UWATP and makes the treatment plant site
more acceptable to the general public and neighboring area.

At this writing, no survey has been performed for the proposed UWATP site.
Thus, it is not possible to present a detailed site plan and hydraulic profile.
However, a solids balance and a schematic flow diagram of the treatment
facilities proposed are shown in diagram Figures 10-6 and 10-7. The following is a
brief description of the treatment processes proposed. For additional details,
reference is made to earlier discussion on the AGTP unit processes.

BEADWORKS FACn.mES

As with any treatment plant, pretreatment facilities are necessary at the UWATP
to remove rags, and large debris. The same concepts are used for the UWATP as
for the AGTP, except that grit removal will not be required at UWATP inasmuch
as its sludges will be conveyed by truck sewer to AGTP for recapture and
processing. Grit removal, which is a major concern for protection of anaerobic
digester~l is to be provided at AGTP.
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PRELIMINARY DESIGN AND COST ESTIMATE

Influent Pumping

Every reasonable attempt will be made in plant siting and influent sewer design to
avoid the necessity of influent pumping. However, for the sake of conservatism in
estimating costs, it is assumed that such pumping may prove necessary. Archi
medes screw pumps will be provided to lift the raw sewage into the headworks
facilities. During the Phase I expansion, two pumps will be capable of handling
the peak flow through the year 1990. A third pump will be provided to act as a
standby in case of a pump breakdown. By the year ZOOO, two additional pumps
will be required.

Coarse Bar Screens Md Flow Measurement

Coars~ bar screens will be provided to screen and remove large material entering
the treatment plant. Two additional units will be provided to handle the peak
sewage flow by past the year ZOOO. A bypass channel with a manual bar screen
will be provided in case mechanical problems require the shutdown of the coarse
bar screens, which will be mechanically raked. Screenings will be drained and
then disposed of to a sui table landfill.

A Parshall flume will measure the sewage flow as it enters the plant. Provision
will be made for a second unit for Phase II conditions. The flow level at
approach will be measured by a float within a stilling well. The level will be
automatically converted into a flow signal which will be transmitted to an
indicator/totalizer/recorder in the control building. The design parameters for
the influent pumping station, bar screens, and flow measurement are shown in
Table 10-11.

PRIMARY TREATMENT FACn.rrmS

The primary sedimentation tanlts are designed using the same criteria adopted for
the design of the new sedimentation tanks at the AGTP. These criteria are
presented in Table 10-lZ. Two tanks will be provided as part of the Phase I
construction. By the year ZOOO, four additional tanks will be required. For the
Phase I construction, two plunger type sludge pumps, will be provided. The design
criteria for these pumps are presented in Table 10-lZ. Each pump will serve one
primary sedimentation tank with appropriate piping and valving to allow one pump
to remove sludge from both tanks. Pumping frequency and duration will be
controlled by a time clock and timers.

During the early stage of the plant operation the moderate flows anticipated may
require use of only one of the two primary sedimentation tanks. However,
increasing flows will require that both tanks be used.
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FEED/RECYCLE

t
INFLUENT

SEWAGE
PUMP LI BAR LI PRIMARY I __ IRECYCLE t:: I

STATION~ SCREENS~ SEDIMENTATION~ S;~~~N

+
RAW SLUDGE

TO AGTP

ROUGHING

FILTERS

:NTERMEDIATE

CLARIFIERS

EFFLUENT TO:

(1) WADI ESH SHITA

OR WADI ABDOUN

(BY GRAVITY)
(2) WADI HISBAN

(IF PUMPED)

'CHLORINE

CONTACT
I.-

FINAL

CLARIFIERS

RAS
...... PUMPS

14-
AERATION

TANKS

RECYCLE

•
f

WAS
...

HUMUS S~UDGE

TO AGTP _

1880 CAPACITY: 8,000 M3/DAY

POST 1990 CAPACITY: 20,000 M3/DAY

UWATP FLOW SCHEMATIC.
FIGURE 10-6



RAW
WASTEWATER

5.300

PRIMARY

SEDIMENTATION

TANKS

PRIMARY
SLUDGE

3.400

PRIMARY
EFFLUENT

1.800

RECYCLE
PUMP

STATION

NOTE: ALL ~

AVEf;
~S ARE

n E.S (KG/DAY)

INTERMEDIATE
CLARIFIERS

HUMUS
SLUDGE

1.100

~SE~RTO

AGTP-

_____.a ~ _

WASTE ACTIVATED
SLUDGE 2.500

EFFLUENT TO WADI

400

SECONDARY

SEDIMENTATION
TANKS·

UWATP SOLIDS BALANCE

PHASE I EXPANSION

FIGURE 10 - 7

AERATION
TANKS



PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-11

DESIGN CRITERIA FOR
INFLUENT PUMPING, BAR SCREENS AND

FLOW MEASUREMENT, UWATP

Parameter

Influent Pumpinga

Value.

Average Dry Weather Flow, 1990

Peak Dry Weather Flow, 1990

Number of Pumps

Capacity, Each Pum}J

Mechan:cally Raked Bar Screens

Number

Capacity

Wid.th (each)

Size (each)

Parshall Flume

Number

Total Capacity (peak flow ZOOO)

Throat Width

10-33

8,000 m3/day

17,600 ~lJ3/day

3 (up to Z active, 1 standby)

11,000 m3/day

1

18,C";[) m3/day (for peak

hydraulic capacity)

0.6 m

1 hp

1

ZZ,OOO m3/day

30.5 cm

v



PRELIMIN ARY DESIGN AND COST ESTIMATE

TABLE 1o-1Z

DESIGN CRITERIA FOR
UWATP

PRIMARY TREATMENT FACILITIES

Parameter

Primary Sedimentation Tanks

Number, Total

Number Active, Phase I

Width, Each Tank

Length, Each Tai":.k

Depth, Each Tank

Average Overflow Rate, 1990

Average Detention Time, 1990

Sludge Collection

Skimmings CcEection

Sludge Pumping Units

Number Required

Capacity, Each, m3/hr

10-34

Value

Z (6 ultimate)

4

5m

30 m

3.0 m

Z6.7 m3/mZ/day

Z.1 hrs.

Chain and flight

Chain and flight, helical

wiper and beach

Z (4 ultimate)

54



PRELIMINARY DESIGN AND COST ESTIMATE

BIOLOGICAL TREATMENT FACn.rrmS

The biological treatment facilities will comprise roughing filter, recycle pump
station, intermediate clarifiers, activated sludge aeration, secondary
clarification, and chlorination. Sludge pumping is an integral part of the process,
especially return activated sludge (RAS) for the aeration tanks. Design
parameters are presented in Table 10-13 for all items except the secondary
clarifiers and chlorination. Capacity increase will be effected, in general, by
trebling the number of units to meet ultimate capacity requirements.

lO'lHAL CLARIFIERS

Two final clarifiers will be provided as part of the Phase I expansion. Four will be
required by the year ZOOO. Here again, two units must be provided to ensure
reliability of treatment, although, only one clarifier is needed. The design
parameters are presented in Table 10-14.

The return activated sludge (RAS) pumps will be installed in a pipe gallery
adjacent to the clarifiers. The design parameters are presented in Table 10-14.
Since the waste activated sludge is to be discharged to the sewer, pumping would
not be required. An automatic valve on the RAS pump discharge line can be used
to control the quanti ty of sludge wasted.

CHLORINE CONTACT CHAMBER

The chlorine contact chamber's design criteria are included in Table 10-14. The
chlorine tank will be designed to permit inactivation of one or more
compartments (temporaily) for maintenance pruposes. Chlorination facilities will
be comparable to those of AGTP.

CONTROL BUn.DING

A control building will be provided to house the following:

• The main electrical switchboard

• The master control board and operator center

• The chlorine room and chlorinator room

• A small laboratory

• Minior maintenance facilities, including some supplies

• A locker room

A function of the main electrical switchboard is to centralize the circuit breakers
for the major plant equipment; that of the master control board is to centralize
flow indicators/totalizers/recorders in one location for ease of record keeping and
monitoring.

10-35
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PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-13

DESIGN CRITERIA FOR
UWATP

BIOLOGICAL TREATMENT F ACILlTIES

Parameter

New Roughing Filters
Average Dry Weather Flow, 1990
Number of Units
Diameter by Height
Area
Media Volume (each)
Surface Loading (without recycle)

Average Daily
Peak HOUl'ly

BOD Loadinga
Total to Units
Unit Rate

BOD Removal, Typical
Recirculation Ratio
Hydraulic Loading with Recycle

Recycle Pump Station
Average Flow
Total Dynamic Head, Typical Pump
Total Pumps Required
Capacity, Each Pump
Motor Size,' Each Pump

Intermediate Clarifiers
SUI'face Loading
Total Surface Area
Number of Units
Width by Length (each)
Depth (each)
Detention at ADWFb
Humus Sludge Pumps (Direct to Digest8l')

Number
Capacity (each)

Aeration Tanks
Number of Units
Volume (each)
Sidewater Depth
Length x Width (each)
Detention at ADWF
BOD Unit Loading
F/M
MLVSS
Oz Required
Connected Aeration Capacity

8,000 m3/day
1
16.5 m x 5.8 m
Z14 m Z
I,Z41 m3

37.4 m3/m Z/day
81.5 m3/m Z/day

3,550 Kg/day
Z.9 Kg/m3/day
50%
Z.5
9.4 m3/m Z/day

Z8,000 m3/day
10m
1 Active, 1 Standby
19.4 m3/min.
75 HP

3Z m3/mZ/day
Z50 mZ
Z
SmxZ4m
3.3 m
Z.4 hi'

1 Active, 1 Standby
1 m3/min. (10 HP)

Z
Z,Z8Z m3
6.0 m
19.5 m x 19.5 m
13.7 hi'
0.73 Kg/m3/day
0.33
Z,190 mgtl
4,700 kg/day
107 kw

a Primary effluent assumed as 443 mg/l, corresponding to 30% primary
removal.
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PRELIMINARY DESIGN AND COST ESTIMATE

TABLE 10-14

DESIGN CRITERIA
FOR UWATP

FINAL CLARIFIERS AND CHLORINE CONTACT CHAMBER

Parameter

Final Clarifiers
Number (all active)
Width x Length
Sidewater Depth
Surface Area
Design Surface Loading, ADWF
Design Detention Time, ADWF

Return Activated Sludge Pumps
Number
Type

Capacity
TDH
HP

Chlorine Contact Chamber
Number Basins
Type
Detention Time, ADWF
Volume
Depth
Width x Length (Each Pass)

Value

Z
5 m x 54 m*
3.8 m
Z70 m Z, each
15 m3/ml./day
6.Z brs

1 active, 1 standby
Centrifugal, nonclog,
variable speed
Z,OOO to 10,000 m3/day
Z.O to 5.0 m
ZO

1
3 pass, serpentine flow
90 minutes
500 m3
4m
4 x 10.5 m

*Circular clarifiers will also be considered during final design.
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PRELIMINARY DESIGN AND COST ESTIMATE

The chlorine room will house ton containers of liquid chlorine. The chlorinators
room will house the chlorinators. Post-chlorination will be to the chlorine contact
chamber. Pre-chlorination capability may be included. These rooms will be
isolated from the rest of the building and provided with special monitoring and
ventilation equipment to protect plant personnel against leaks.

The laboratory will contain the facilities for the basic process control measure
ments: suspended solids, BODS, sludge volume index, and DO. More elaborate
tests would be done at the facilities of the Royal Scientific Society and/or at the
AGTP laboratory.

Maintenance facilities consisting of a workbench and certain useful hand and
power tools will be provided. This will enable the treatment plant operators to
perform minor maintenance. Major items of maintenance should be performed at
the AGTP in the more extensive facilities available there or by crews from the
AGTP. It is not intended that the UWATP staff be large enough to deal with
major maintenance.

A locker room with shower facilities will be provided for the convenience of the
operators.

IMPLEMENTATION

The first phase of construction for the UWATP will provide treatment capacity
adequate to the year 1990. A schedule for design c.. "1 construction is presented
below:

Commence Design Work
Conclude Design
Begin Construction Phase I
Finish Construction Phase I

COST ESTIMATE

September, 1982
February, 198Z
April, 1983
May, 1985

This section presents the construction and project costs associated with Phase I
construct~on at the UWATP. All costs are calculated for Fall, 1980, in Jordanian
Dinars. Table 10-15 presents a breakdown of costs by treatment process and the
proportion of local and foreign cost. The implementation cost of each project is
estimated to add an additional fifty percent above the construction costs.
Implementation costs include: contingencies, eI1gineering, legal, contract admin
istration, surveying and inspection. The construction, implementation and total
costs for this first phase of construction at the UWATP are presented below:

Construction Cost (JD 1000)
Implementation Cost (JD 1000)
Total Project Cost (JD 1000)

1,970
985

2,955

Implem entation of the UWATP project would entail design no later than 1982-83
and construction during 1983-85.
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TABLE to-ts

UPPER WADI ABDOUN TREATMENT PLANT
CONSTRUCTION COST ESTIMATE FOR PHASE I PROGRAya

..

Estimated Construction Cost, JD 1,000 "'d

M:ljor Work Itemb Local Foreign Total :::0
~
t"'

Headworks
....

40 50 90 ~....
Primary Sedimentation ZO 38 58 Z

~

Oxidation Towers/Recycle P. Sta. Z10 430 640 ::0
><

Intermediate Clarifiers 20 38 58 tl
~

Aeration Tanks lIZ Z28 340 r.n....
..... Cl
0 Secondary Clarifiers 70 135 205 Z
I

W >-0 Chlorination Facilities 26 39 65 Z
t1

Laboratory and Control Building 58 72 130 ()

Electrical Work and Yard Piping 130 195 325 0
r.n
0-3

Site Preparation, Grading, Paving 25 34 59 ttl-- r.n
711 1,259 1,970 t-j....

~
>
0-3

a Costs are stated in terms of late 1980 price levels. p:j

b Appurtenant pumping equipment (e.g. RAS pumps) is included in applicable work items.

~



PRELIMINARY DESIGN AND COST ESTIMATE

REINFORCEMENT OF AWSA PRIMARY NETWORK

As indicated previously in Chapters 6 and 9, the AWSA primary network of trunk
sewers will require reinforcement to meet the 1990 flows and those anticipated to
year lOOO and beyond. Primarily, the need for reinforcement arises from the
requirement of bringing flows to the AGTP from outer parts of the AWSA
network. These new developments, coupled with additional developments within
areas already sewered, will cause peak flows to exceed the carrying capaci ties of
certain reaches of existing trunk sewers. The cri tical reaches are those where
construction slopes were flattened somewhat in following the terrain without
sufficient increase in pipe diameter to maintain continuity of capacity. Construc
tion and activation of the UWATP will have limited greatly the inflows from
peripheral areas westerly of AmiD an. Without UWATP, greater reinforcements
would be required.

AREAS REQUIRING REINFORCEMENT

Except for limited reinforcement of the local trunk sewer in the Sports City
Shmeisani area known as the University of Jordan Trunk, the reinforcements are
limited to the central arterial trunk(s) that convey the wastewater from the Wadi
Abdoun area downstream. These generally follow the Seil Amman through the
downtown area and Ain Ghazal direct to AGTP. The study sub-areas previously
used for analyzing the adequacies of the existing trunks sewers to accomodate
future flows were delineated previously in Figure 6-1.

NATURE OF REINFORCEMENTS

The existing trunk sewers should be so reinforced that there will be an uninter
rupted run of gradually increasing capacity from the upper-most reaches of the
network to AGTP. These capacity increases would be so staged as to provide the
greatest flexibility an~ reserve capacity possible, consistent with the ultimate
requirements of the system. However, due to competing needs for public funds,
only those trunks that will require reinforcement by 1990 will be identified for
Phase I implementation. The reinforcement will meet the criteria stated above
and will handle the estiln ated year ZOOO flows.

In comparing the carrying capacity of the trunk sewers with the corresponding
estimated year ZOOO flows, certain reaches required only small diameter relief
sewers. It is not reasonable to parallel restrictive sewer reaches with unduly
small diameter relief sewers. Therefore, it has been deemed appropriate to size
the relief lines at no less than one-half the diameter of the trunk sewer being
paralleled ur at least ZOO mm diameter. This criterion was invoked in a few of
the reac:hes, but the increased costs thus experienced were not major. During
detailed design, a refinement of this approach would be carried out, including
more detailed investigation of individual reaches of trunk sewers.

The relief of the specific reaches of inadequate capaci ties will be done by
diverting the surplus flow to a parallel line at the beginning of the restrictive
reach and returning the surplus to it at the end of the restriction. Special
junction manholes or junction structures would be needed for this work, and
standard manholes be used on runs of relief sewers, as appropriate.
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PRELIMIN ARY DESIGN AND COST ESTIMATE

COSTS OF REINFORCEMENTS

Table 9-16, Master Plan Program for Wastewater Facilities Construction, has set
forth the project estimates for the various trunk sewer reinforcements in the
AWSA primary network for the Phase I Investment Program (to year 1990). The
constl'uction costs and project costs for this total work are as follows:

JD 1,000

Cost Item

Construction
Project

Local--
193
Z90

Foreign

1.4
Z

Total

194.4
Z9Z

Implem entation would involve design during 198Z-83. However, construction
could probably be spread over the period 1983-85. This matter would be refined
during detailed design.

PROPOSED NEW TRUNK SEWERS

Trunk sewers westerly of Amman would be confined to the new University of
Jordan trunk sewer to UWATP, the Marj al Hamam to AWSA network trunk sewer,
and miscellaneous connections. The sludge line for UWATP is really part of the
plant construction work but is identified as a separate item (Table 10-17). The
diversion of flow from the University Pumping Station to the new University of
Jordan trunk sewer would be a routine operation, and the nominal cost of this
work has been included in the trunk sewer costs. Construction and proj ect costs
are as follows:

JD 1,000
Cost Item Local Foreign Total

U of J to UWATP 561 5 566
Marj al Haman (Gravity) 60 1 61
UWATP Sludge Line 57 53 110
KHMC TO UWATP (Gravity) Z09 Z Zll
Construction Total 887 6T 948
Project Total 1,331 91 1,4ZZ

Marj al Haman trunk sewer should be designed during 198Z-83 and constructed
during 1983-84. U of J to UWATP trunk sewer should be designed during 198Z-83
and constructed during 1983-84, as should the KHMC trunk and UWATP sludge
line.

SEWAGE PUMPING STATION AND FORCE MAIN

A sewage pUluping station and force main for the First Phase Investment Program
would be provided for Marj al Haman. These would actually be built for ultimate
capacity initially (taken to be projected year ZOOO requirements). This is
custoluary procedure for facilities of this size and nature.
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PRELIMINARY DESIGN AND COST ESTIMATE

SEWAGE PUMPING STATION

Appendix I presents certain design criteria for sewage pumping stations. The
specifics of the pumping station would be established during final design. There
are three basic layout choices:

• Provide submersible pumps or wet pit pumps in a wet well. The controls
and motors (for Wl:!t pit units) would be located at ground level. A housing
would enclose these works.

• Provide dry pit pumps taking suction from an adjacent wet well. A
housing would also enclose the dry pit and upper level motors and
controls.

• Provide a manufactured underground station, complete with piping, pump
ing uni ts, controls, ventilation, and accessories.

For purposes of preliminary engineering, the first method, that of submersible or
wet pit pumps, has been rejected as being poorly suited to the sizes of station
contemplated and the type of maintenance and reliability sought. It would be
considered only if severe space restrictions were found and then only if it could
clearly be demonstrated to be superior to the other two alternatives.

The second method of station layout is conventional and would work quite well in
the proposed pumping stations. It would have the advantage of having a
substantial local cost component, thereby contributing to the local economy
directly. On the other hand, the space requirements of this station are the
greatest of all three alternatives. No specific investigations were made of the
candidate sites that would be considered for pumping station locations in
Suweileh. However, from a general knowledge of the area, it is apparent that
there is not must extra spact:: in which pumping stations might be located. The
second method of layout is well suited to the incorporation of standby power
generation facilities or a standby prime mover for at least one pumping unit.

The third method of station layout has found great favor in small and moderate
sized pumping stations. This is the prefabricated (factory assembled) pumping
station that is buried and has its access from above via a hatch and ladder shaft.
The entire unit is constructed of steel, although in some cases, the housing may be
of fiberglass. Protection against external corrosion is by sacrificial anodes. The
interior is dry and clean, made possible by automatic ventilation and, where
necessary, a dehumidifier. Piping is prefitted and protective coated but may be
dissassembled when necessary. Electrical work is suitable to the conditions of
operation. Pump suction is via piping from an adjacent sewer manhole of standard
construction. Function, ease of maintenance, and reliability are stressed.
Standby power may be incorporated under special circumstances.

The only obvious disadvantage of this method of station layout for Jordan would
appear to be the nearly 100 percent foreign cost component. This might be
significant because of the additive costs for shipping and commissions as well as
reductions in local labor requirements.
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PRELIMINARY DESIGN AND COST ESTIMATE

For the purposes o£ this preliminary engineering work, including cost estim ate, it
has been assumed that the second method (dry pit type pumping station) would be
employed.

The pumping units to be incorporated will be used for Marj al Haman and must
develop fairly high head in relation to the quantity of wastewater to be
discharged. This requires a compromise between mechanical efficiency and pump
speed. In order to maintain best efficiency for modest flows, a higher pump speed
(rpm) than desirable would be necessary. Thus, an intermediate pump speed, 1150
rpm, will probably be selected in final design.

The nature of the available pumping units in relation to the quantities of
wastewater to be handled at peak hourly flow dictates that a single active
pumping unit be provided and a duplicate unit held as standby. Either unit would
be capable of handling the entire flow. The discharge of the active pump must be
coordinated with the sizing of the force main in such a way that the force main
veloci ties are sufficient to produce scouring (about I m/sec) but not excessive in
developing friction losses. Preliminary sizing of the pumping units and force main
has been as follows:

Pumping
Station

Pumping Unit Characteristics Force Main
Disch. l/sec TDH, m Motor HP Dia. mm Length, m

Marj al Haman 63.4 40.9 60 300 3,560

During the initial years, the active pump will run only a relatively small
percentage of the time. As flows build up, the running time will increase.
However, there will still be adequate capacity with only a single unit active at a
time.

The pumping units proposed are vertical, electrically-driven. Fixed speed pumps
are recommended for reasons of simplicity, but dual speed pumps might be
explored during detailed design. Variable speed pumps were considered but
rejected as being inappropriate for the intended application. Wet well sizing will
be such as to limit the cycling of pumps during high flow periods but still able to
minimize average retention time.

Pumping controls will be adjustable, based upon wet well liquid level. Pumps will
be automatically alternated but can be manually selected, if desired. Running
time meters will be incorporated in the control system.

Standby power will be provided unless detailed design investigations show that a
high degree of reliabili ty of electrical power supply to the station exists and
interruption of power would not be more than for a few minutes at most. Standby
power would normally be a gasoline or propane engine driving the pump shaft via a
right angle drive. A standby electrical generator could be used in lieu of a direct
drive prime mover.
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PRELIMIN An. Y DESIGN AND COST ESTIMATE

A high water alarm will be incorporated. The alarm signal should be auto
matically telemetered to a central monitoring station, assuming the station is not
attended continuously. In order to protect the station and tributary manholes
from flooding, a high water emergency overflow will be included, but the intent
would be that this be invoked only under emergency conditions. Public health
authorities rightfully obj ect to the presence of such overflows. The discharge
points of such over-flows must be carefully selected to keep public exposure to the
absolute minimum.

Pumping stations would be designed during 1982-83 and constructed during 1984.

FORCE MAIN

The force main will primarily be located in public streets and highways and
separated as far as feasible from potable water mains. Construction will be of
cast iron or ductile iron with rubber gasket joints of demonstrated integrity and
durability. The force main profile and discharge conditions are such that
potentials for waterhammer should be investigated to ensure that no problem is
permitted to develop. The force main may require intermediate valving. If so,
provision will be needed for force main drainage. This is normally directed into
the wet well via the local piping appurtenant to the pumping unit but intermediate
drainage facH ties may also prove necessary. Special provisions will be required
for sulfide control.

Estimated costs of the pumping station and force main are as follows:

JD 1,000

Cost Item Local Foreign Total

Pumping Station

Constructicm 2.0 24 44

Project 30 36 66

Force Main

Construction 72 63 135

Project 109 94 2.03

The force main would be designed simultaneously with the pumping station, during
1982.-83. They would be constructed during 1983-84 so that they would be ready
for use when the gravity Marj al Haman to UWATP trunk and the UWATP were
completed.
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SECONDARY NETWORK FACILITIES

Secondary network facilities would be included in the First Phase Investment
Program. These would comprise both lateral sewers and house connections. In
general, standards already in effect for AWSA would be followed in the design and
constru~tion work. However, strict attention would be paid to proper vertical and
horizontal separation of sewers from water mains for reasons of ~anitary

protection of the latter. The work would include newly sewered areas within
Amman, areas westerly of Amman, and a few miscellanous areas.

Chapter 12. subsequent presents the cost allowances for the various lateral sewers
and house connections for the Firrlt Phase Investment Program. The tabular
information of Chapter 12. actually includes outlying collection systems as well as
the AWSA system, areas tributary to UWATP and Marj al Haman. These latter
are considered likely to be built during the First Phase Investment Program. Due
to the apparent limitations of funding, the outlying communities and their
wastewater systems are not thought likely to be implemented in this First Phase.

Lacking specifics of the secondary network facilities, other than the previously
mentioned cost allowances of Chapter 12., no additional detail is included on this
aspect in Chapter 10.
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CHAPTER 11

PROJECT IMPLEMENTATION PLAN

The previous chapter outlined the investment program for AGTP and other
improvements. This chapter comments briefly upon the institutional, legal,
jurisdictional and financial structures within the Greater Amman Area as they
may relate to the Master Plan for Wastewater Disposal. It then considers in some
detail the operation and maintenance personnel programs and condi tions of AWSA
and training program needs. It concludes with discussion and recom mendations
concerning plumbing, sewer construction and industrial wastewater discharges.

INSTITUTIONAL AND OTHER ASPECTS

Chapter 7 has presented summary information on the current status of
institutional, legal and jurisdictional structures of relevance to wastewater
disposal, water quality control, water resources management. These structures
are established by the highest levels of the Government and may be revised from
time to time. It is understood that recommendations are being considered to both
broaden and strengthen the laws controlling water pollution and the authorities of
certain public agencies engaged in water supply and wastewater management
activities.

A Master Plan for Wastewater Disposal has been presented in Chapter 9, and the
following general comments on institutional, legal, jurisdictional, and financial
aspects are offered in connection with a successful implementation of the Master
Plan:

1. The current arrangements gly\:! AWSA ample authority to operate within
its service area and, if necesary, outside its jurisdiction. The same holds
true for the Water Supply Corporation. The latter has only recently begun
to exercise its prerogative regarding wastewater system operations.
These arrangements could be readily adaptable to the future conditions
contemplated by the Master Plan if WSC would assume responsibility for
the wastewater systems for the outlying areas and AWSA would extend its
jurisdiction to include not only the municipality of Amman but also those
Cl:I.'eas westerly of Amman (north-draining Suweileh), upper Wadi es Sir,
Marj al Hammam, (portion of Suburban Ring) and certain Suburban Ring
Areas southerly and southeasterly of Amman in which the physical
facili ties to be integrated into those of AWSA will be developed.

2. Agreements for system operation could continue to be made between
AWSA and other agencies, such as KHMC, but would probably be for an
interim basis only. Eventually, there would normally be separate
operations by AWSA and WSC, respectively.

3. In order for there to be uniform high standards of system operation,
maintenance, and performance throughout the Greater Amman Area and
other parts of Jordan, an authority higher than eigher AWSA or WSC
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PROJECT IMPLEMENTATION PLAN

would be needed. A parent governmental agency, the National Water and
Sewerage Authority, has been suggested by certaln Jordanian officials and
is under consideration by the Government. This would appear to be a good
solution to the organizational problem. Both AWSA and WSC might
become major departments within such a national authority. So might the
JVA for areas within its Jurisdication.

4. A national authority is needed which would establish standards to be
upheld and require operating agencies to conform to them. This national
authority could be the same organization as that now being ~onsidered,

and the operating agencies could be departments within the same
organization. Such an arrangement would probably work well within the
framework of govermnental agencies, laws, and traditions of Jordan.
There could also be advantages in ha,,·ing the agency that sets standards
that are to be followed be independent of the operating agencies. In the
United St.;ltes, this is the general method :rollowed, and it is found that the
likelihood of compliance is usually improved by this arrangement.

5. The legal basis for protection of the public health and the environment
should be broadened, coordinated, and made more comprehensive than it
presently is. In the United States and elsewhere, public health authorities
still retain ultimate jurisdiction, legal or de facto, over those aspects that
bear directly upon the public health. However, other matters, such as
these of environmental consequence, are usually under the jurisdiction of
another regulatory authority.

6. The Government already excercises its broad authority for planning of
future developments via the Five-Year Plan. The plan recommends both
developments to be undertaken and funds to be allocated. This system
should continue to work well in the future and to accommodate the goals
of the Master Plan for Wastewater Disposal among many diverse goals of
the various ministeries, departments, and authorities of the Government.

7. Incentives or other devices to encourage property owners to connect to
future or existing sewer systems al'e apparently needed in some areas.
This is not only important from the standpoint of public health
enhancement and environmental protection but also as regards the
financial int.egrity of wastewater facility operations.

8. The subject of wa... tt::water disposal is neither commonly discussed nor
adequately understood by the general public. Yet wastewater disposal has
such an impact upon the limited water resources of Jordan and upon the
public health that increased public awareness of these matters would
undoubtedly contribute towards protection of the public health and
environment.

Recently a special Department of the Environment within The Ministry of
Municipal and Rural Affairs and the Environment has been established.
The Prime Minister's office has been aggressively pursuing industrial
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wastes pollution abatement, while th~ Industrial Wastes Control Committee has
been screening the proposed operations and controls of new industries and setting
forth requirements for them (Specifications Standards ZOl). Various studies and
resports pertaining to water resources include information on water quality and
water pollution. The Ministry of Agriculture is conducting experiments on
controlled application of AGTP digested sludges to agricultural test plots in the
Jordan Valley. The Five Year Plan of NPC reflectB the needs for development of
wastewater facilities in major urban areas such as Amman, Zarqa, Ruseifa, and
elsewhere in Jordan.

Public appreciation and understanding of these matters can be fostered through
the schools and the media. The process is a long range one but should gradually
yield benefits in the form of increased use of and support for public wastewater
facilities and control of water pollution for the public good.

The engineering aspects of project implementation have been discussed in Chapter
10. The operation and maintenance aspects are discussed in the following section.

OPERAnONS AND MAINTENANCE PERSONNEL AND PROGRAMS

Careful consideration must be given to treatment plant operations and
maintenance in any project implementation plan. Therefore, this section reviews
the current situation with regards to the staffing and operation and maintenance
of AGTP, sanitary network pumping stations and KHMCTP. It also considers
conditions at the Salt TP. Conclusions are drawn and a proposed staffing and
training program is offered, based on the recommended alternatives of the Master
Plan. Also, the discussion develops proposed operation, maintenance, and training
programs to be implemented.

EXISTING PERSONNEL AND OPERATION AND MAINTENANCE POLICIES

The current AWSA staff devoted to the operation and maint::mcmce of the Ain
Ghazal Treatment Plant, the King Hussein Military Center (KHMC) treatment
plant and the two related pumping stations in 98 persons. Table 11-1 gives the
official AWSA job titles, the number of employees in each position and the salary
ranges for each position. The AWSA salary philosophy, based on assumptions made
from reviewing the table, is to provide greater remuneration ~or those positions
requiring higher educational background and greater technical and mechanical
skills. The position titles, presented in order of decreasing starting salaries,
reflect the AWSA determination of the relative values of tb;! educational and
technical skill required for each posi tion.

Staffing

Since an official AWSA Table of Organization was not available for the personnel
at the Ain Ghazal plant and related facilities, interviews were held with the plant
manager and his subordinates to determine who was responsible for the various
operational and maintenance plant functions and which personnel reported to each
supervisor. The Table of Organization for the Ain Ghazal Treatment Plant as
presented in Table 11-2, requires some clarification and explanation in order to
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TABLE 11- 1

CURRENT, STAFFING FOR

AIN GHAZAL TREATMENT PLANTa

No. of JD/Mo.
Position Employees SalC'ry Range

Plant Manager 1 350 - 400

Mechanical Engineer 3 350 - 400

Electrical Engineer 1 350 - 400

Chemical Engineer 1 350 - 400

Drivers 18 120 - 150

Lab. Technician 3 100 - 130

Machinists 1 110

El,ec tricians 3 90 - 120

Pipefitters 2 90 - 120

Mechanics 12 90 - 120

Storekeeper 1 100

Technical Workers 10 80 - 90

Clerk 1 70 - 80

Guards 4 70 - 80

Laborers 37 70 - 80

Total Staff 98

a
Currently all authorized ~ositions are filled.
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LEVEL IV

Line Staff (22)
LEVEL III

Supervisory Staff{S)
LEVEL II

Management Staff
LEVEL I (1.)

Crew
Laborers (19)
Drivers (3)

Mechanical Electrical
Engineer (1) Engineer (l~

(Maintenance) I
--1----+---

Mechanics (7) Electricians (3)
Welders (3)
Machinist (1)

Pipefitters (2)
Storekeeper (1) Foreman (1)_+ (:::s)_
Technical
Workers (7)--:-r-
Dr~vers (2)Sludge Crew

Drivers (6)
Laborers (6)
Guards (4)

Technical
Workers (2)

Operators (0)
Mechanics. welders

and electricians
on rotation to
act as operators
on all 3 shifts

-t-

AIN GHAZAL TREATMENT PLANT - TABLE OF ORGANIZATION
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truly represent the 'functioning of the various positions.

Although the engineering positions are designed as supervisory of very specific
functional groups (electrical, operations, maintenance, lab, etc.), all of these
individuals and their subordinate staffs function in a cooperative effort to operate
and maintain the facility in an efficient manner. The table of organization does
not list any personnel in the position of operators due to the fact that the
mechanics, welders and electricians rotate as needed to fill these positions on the
various shifts. the operational staff on one shift may consist of a mechanic and
two elec tricians and on the next shift may consist of two mechancis and a welder.
Although the individuals all serve as operators a good percentage of their time, it
should be noted that they have not had any formal training as operators and
function primarily as maintenance personnel on these shifts. A similar situation
holds true for the laborers and technical workers. They are formally assigned to a
specific functional group, but work for any group that has a need for manpower on
any given day.

The table of organization has been divided into four levels. The highest level of
organization (Level I) represents the management staff (1 person). This level is
responsible, in general, for the coordination of all treatment plant related matters,
including budgetary and personnel, with the General Manager of AWSA and assure
that the plant functions to its optimum capabilities within the general policy and
procedure framework of AWSA.

The second level of organization (Level n) repreesnts the supervisory staff (5
people). These people are the first level supervisors and are directly responsible
for the operation, maintenance, and process control monitoring for the AGTP, the
KHMC treatment plant and the pumping stations. All of the staff at this level are
degreed engineers and are responsible for supervising all of the line and laborer
staffs and report directly to the Plant Manager.

The third level of organization (Level m) represents the line staff (ZZ people).
These people possess the technical and mechanical skills necessary to implement
the directions of the first line supervisory and are directly responsible for keeping
the plant functional at all times and/or repairing or replacing any worn out or
damaged equip men t.

The fourth level of organization (Level IV) represents the laborer staff (70
people). these people are the non-skilled laborers and workers who assist the line
staff in the performance of their duties, perform the general housekeeping duties
and perform the essential, but non-technical duties of operating the cesspool
dumping facilities and the sludge disposal operation.

The organizational levels (I-IV) used in Table 11-Z do not necessarily reflect a
decreasing order of starting salaries paid for the different positions, but do
reflect the decreasing level of educational background and technical skills needed
to operate and maintain the facilities. For example, the position of driver, Level
IV, can receive a compensation greater than any of the positions in Level III, but
his skills, although valuable for the job of disposing of the sludge, do not directly

11-6



PROJECT IMPLEMENTATION PLAN

impact the operations and maintainance of the facility as much as any of the Level
m positions. The remainder of the discussion of personnel and salaries will focus
on the management and operations staff (Level I-m) because of the educational
and experience requirement necessary to perform their specific duties as opposed
to the semi or non-skilled positions of the Level IV personnel.

AWSA Polici",

During discussions with the AGTP plant mar.·,ager and AWSA officials, it was
determined that formalized policies do not exist establishing minimum
educational and experience requirements for the management and operations staff
positions. (Levels I-III). Typically, when a vacancy occurs, the management
establishes the minimum qualifications for the position based on what is available
in the job market and on the qualifications of the person one can reasonably expect
to recruit based on the salary and working conditions that are being offered.
Evaluation of the existing personnel with respect to educational and experience
qualifications cannot be accomplished without minimum requirements. Therefore,
discussions were held with the plant manager and supervisory staff to establish
reasonable minimum requirements for each management and operational stc;1ff
position and optional (but less desirable) requirements if the educational and
experience requirements were not met.

The minimum requirements are presented in Table 11-3 and summarized below.

Level I

Level n

Level m -

Management Staff. Educational requirement: B.S. degree in
Engineering. Experience requirement: 10 years of related
experience, 3 to 6 of which are in sewage treatment.

Supervisory Staff. Educational requirement: B.S. degree in
Engineering. Experience requirement: 3 to 5 years of related
experience.

Line Staff. Educational requirement: Varies by position from
completion of secondary school tC' an academic degree.
Experience requirement: Varies by position from '0-8 years
related experience.

The mmUDum requirements stated above represent those requirements the
manager and supervisory staff determined should be required in the recruitment
of new personnel and do not reflect official AWSA policy.

Qualifications of Personnel

Table 11-4 presents a review of the qualifications of the present management and
operations staff at the AGTP including years at the AGTP facility, educational
background when hired, and previous years of related experience when hired.
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TABLE 11-3

PROPOSED MINIMUM STAFF QUALIFICATIONSa

3 yrs. related 20 Voc. Cert. in
maint. experience mech. + 10 yrs

related experience

Staff Position

Level I

Plant Manager

Asst. Plant Mana~er

Level II

Operation Supervisor

Laboratory Supervisor

Maintenance Suparvisor

Minimum Educ.
Requirements

B. s. in Eng.

B.S. in Eng.

B.S. in Eng.

B.S. in re
lated science
field

B.S. in Eng.

Minimum Exp.
Requirements

6 yrs. in
sewage treatment

3 yrs. in
sewage treatment

3 yrs. in
sewage trf~a tmen t

3 yrs. related
lab. experience

Optional
Requirements

B.S. degree in
related field + S
yrs experience
10 yrs in related
lab analysis work

Mechanical Maint.Foreman 2° Voc. Cert. S yrs. related 10 yrs related
in mechanics maint.exparience maint. experience

Electrical Maint. Foreman 20 Voc. Cert. S yrs. related 10 yrs related
in electricity elect. expo elect. experience

)

Level III

Maintenance Staff
(Mechanics, welders,
pipefitters, machinists,
& electricians)

Storekeeper

Lab. Assistants

FHMCTP Operations Supt.

AGTP Shift Supervisors

Operators

20 Voc. Cert.
in related
field

20 School
Certificate

20 School
Certificate

20 School
Cert. or Voc.
Certificate

20 School
Cert. or Voc.
Certificate

20 School
Cert. or Voc.
Certificate

2-S yrs. related
experience

2 yrs related
experience

2 yrs. related
experience

S yrs. in
sewage
treatment

3 yrs. in
sewage
treatment

No prior
experience

S-8 yrs, in
trainee position

S yrs. related
experience

5 yrs. related
experience

8 y1"S. in sewage
treatment

5 yrs in sewage
treatment

5 yr5 as operator
trainee

aApplicable to the existing AGTP.
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TABLE 11-4

REVIEW OF QUALIFICATIONS OF PRESENT MANAGEMENT AND OPERATIONS STAFF OF AGTP
r

ENGINEERING STAFF (LEVELS I AND II)

Yrs. on Ed~ When Yrs.Exp. Desired Min. Desired Min.
Position Level Staff Hired When Hired Education Experience Options

'"d
:;4:l
0
c...

Plant Supt. I 12 B.S. in 9 B.S. in 10 yr. - tr:1

Hech. Engr.
()
t-i

B.S. in
....

Hech. Engr. II 10 B.S. in 0 2 yr. 5 yrs ~

Hech. Engr. in w.w. 'ij
t'"....

5 B.S. in B.S. in 2 yr. 5 yrs
t::I.... Hech. Engr. II 0 ~

I
Hech. Engr. in W.W. (%j-.Q

Z

Elect. Eogr. II 4 B.S. in 6 B.S. in 2 yr. 5 yrs t-i:»
5.5. Engr. in w.w. '""3....

0
Chem. Engr. II 6 B.S. in 0 B.S. in 2 yr. 5 yrs Z

Chem.Eng. Engr.or Chem in W.W. 'tl....
Hech. Engr. II 0.5 PhD in 9 B.S. in 2 yr. 5 yrs »z

Eng. Engr. in W.W.

"



Table 11-4, Cont'd.

OPERATING AND MAINTENANCE STAFF (LEVEL III)

Yrs. on Ed. When Yrs. Exp. Desired Min. Desired Min.
Position Level Staff Hired When Hired Education Experience .2ftions

Senior Mech. III 1 20 yrs. Voc. Cert. 10 yrs. 15 yrs.-- Mechanics
(2nd sch) wIt> cert

Mechanic III 5 Voc.Cert. 2 yrs. Voc. Cert. 5 yrs. 10 yrs.
Sanitary Mechanics w/o cert

'tJ

Mechanic III 2 Voc.Cert. 6 yrs. .. .. 5 yrs. 10 yrs. ~
0

v/o cert ~
t=j

Mechanic III 2 .. .. 3 yrs. .. .. 3 yrs. 5 yrs. ()
~

w/o cert .....
3:- Mechanic III 3 -- -- .. .. 3 yrs. 5 yrs. "t:I- l"

I w/o cert t:1- s:0
Mechanic III 4 - -- .. .. None - t'1

Z
t-]
>

Mechanic III 0.5 -- 2 yrs. .. .. None - t-].....
0
Z

Welder III 5 -- 15 yrs Voc.Cert. 5 yrs. 7 yrs. '"0

in Welding w/o cert l"
>

Welder III 8 16 yrs t2ndCsc~) 5 yrs. 7 yrs. Z- ac. er •
in Welding w/o cert

Electrician III 8 - 9 yrs '2ndCsc~) 2 yrs. 5 yrsac. er
in Elect. vIa cert
(2nd sch)

Electrician III 10 - . 3 yrs Voc.Cert 2 yrs. 5 yrs
in Elect. vIa cer~

~ (2nd sch)

Electrician III 5 3 yrs. ~nd. 2 yrs Voc.Cert. 2 yrs. 5 yrs.
Cert Elect. iIi Elect. v/o cert

b
(2nd _sch)



TABLE 11-4, Cant'd.

OPERATIONS AND MAINTENANCE STAFF (LEVEL III)

Yrs. on Ed. When Yrs. Exp. Desired Kin. Desired Min.Position Level Staff Hired When Hired Education Experience Options
Class I Welder III 10 - 25 Voc.Cert.in 10 yrs. 15 yrs.

Weldg. (2nd v/o cert
Machinist III 2 30 school) >u-

:::0Voc.Cert.as 6 yrs. 10 yrs
0Mach.(2nd sch) v/o cert c.,
t:1Pipefitter III 5 - - Voc.Cert. in 5 yrs nSanity(2nd sch) 3 yrs. v/o cert ~....Pipefitter . III 0.5 - 1 .. .. 3 yrs. .5 yrs ::
>u..

v/o cert L'
..... - -.

t:j
.....

Storekeeper IIi: 1 Secondary 2 yrs. s::
I -- -..... B.A•

t:j
.....

School Z
~Foreman III 10 -- 20 Secondary 5 yrs. - :>

School :j
0Hechanic III 2 - 1 Voc.Cert.in - - Z

Mech.(2nd sch) 'ij
L'

B.A. in :>Lab.Asst. III 0.5 Secondary 9 5 yrs. - ZAcademic Bacteriology
Lab.Asst. III 0.5 2 yrs in 2 B.A. in 2 yr~.

Univ. Chemistry $

III 10 a 0 2ndoEduc. 3 yrs. 5 yrs. v/o
Lab. Asst. 2nd Ed.

Cert academic Academic 2ndO ed.
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Although most of the pr'~sent staff was hh'ed without the guidelines of form alized
minimum requirements or optimFil GAv6::,ience requirements, a comparison of their
qUalifications when hired to the proposed minimum or optimal requirements can
be justified since the median value for years of experience at AGTP is only 4
years. The information highlighted below is presented in Table 11-5.

A review of the qualifications and experience of the management and supervisory
staff (Levels I and TI) compared to the proposed minimum or optimal requirements
can be justified since the median value for years of experience at AGTP is only 4
years. The information highlighted below is presented in Table 11-5.

A review of the qualifications and experience of the management and supervisory
staff (Levels I and TI) compared to the proposed minimum requirements or optimal
requiremel" produces the following statistics:

o If the proposed minimum or optimal requirements were enfol."~ed when th'3
indivi,iuals (6) were orginally hired, only 33% (2) would have been eligible
for employment.

o All of the present staff met the mInImUm educational requirement but
only 33% (2) met the requirements for prior related work experience.
Half of the staff was hired wi th no prior experience.

o The average number of years of experience at the AGTP is 6.25 years,
although 50% of the staff has been at the facility 5 years or less.

A review of the qualifications and experience of the line staff (Level m)
compared to the proposed minimum requirements or optimal requirement
produc~s the following statistics:

o If the proposed minimum or optimal requirements were enforced when the
individuals (22) were originally hired, only 14% (3) would have been
eligible for employment under the minimum requirements and an
additional 27% (6) eligible under the optimal requirement.

o The average number of years prior, related work experience is 7.5 years.
However, since six of the individuals have an average of over 21 years of
prior experience, the majority of the staff (12%) have an average of only
Z.5 years of previous experience.

o The average number of years at the AGTP for all Level m personnel is
less than 5 years (4.6 years) and 68% (15) of the line staff have 5 years or
less experience at the facility. The figure for years experience at AGTP is
slightly inflated because several elnployees worked as laborers (Level IV)
before being promoted to the line staff and the actual years of experience
at the AGTP facility in a line staff posi tion is closer to 4 years.
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TABLE 11-5

SmtfARY OF STAFF EXPERIENCE AND EDUCATION
Management and

Lioe Staff Supervisory Staff All Staff
Level III Levels I & II Levels I, II & III

Humber of Per.onnel 22 6 28

Average Number of Year.
at AGTP 4.6 6.25 4.9

Average Humber of years
"'d
~

experience when hired 7.5 4.0 6.8 0., . ~
~. J t:1

Employees with 5 yrs or 0
less at AGTP 15 3 18. .,
% of Total 68% 50% 64% ....s:

Humber meeting Min. Ed.
"'d..... t"'..-

I requirements 5 6 . 11 t:1
..- s:w % of Total 22% 100%' 39% tt:J

Humber with Voc. Cert.
Z.,

or degrees when hired 8 6 _ 14 :>
% of Total 36% 100% 50% ::i

0
Humber meeting Kin. Exp. Z

'iJrequirement 13 2 IS t""
% of Total 59% 33% 54% :>. Z

Number meeting all Kin.
requirementa 3 2 5
% of Total 14% 33% 18%

NUmber meeting optional
requirement. 6 6
% of Total 27% 0 21%

Humber .eeting .inial. or
optional requirement. 9 2 11

% of Total 41% 33% 39%

~
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A review of the qualifications and experionce for the entire management and
operations staff (28 people) compared to the propoRed minimum and/or optimal
requirements producos statistics similar to those lJresented above, the most
noteworth as follows:

• If the proposed minimum or optimal requirements were enforced when the
individuals were originally hired only 18% (5) would have been eligible for
employment under the minimum requirements and only an additional 21%
(6) under the optional requirement.

• The average number of yoars of prior related work experience is 6.8
years. H()wever, over 50% of the staff came to AGTP with 3 years or less
prior experience.

• The average number of years experience at the AGTP for all management
and operational personnel is less than 5 years (4.9 years) and almost two
thirds of the staff (64%) have 5 years or less experience at the AGTP.

Turnover of Employees

Although the staff at the AGTP has expanded somewhat in the last five years,
none of the employees with less than 5 years experience was employed due to this
expansion. The large number of employees with less than 5 years experience is
indicative of a fairly large turnover rate. Also, the expansion of existing
treatment facilities and the building of new facilities in the Kingdom of Jordan
will create a tremendous demand for the small number of existing experienced
sewage treatment plant personnel. This, along with the inr.reasing demand for
experienced personnel from neighboring Arab countries is likely to produce a
turnover in the coming yeCU's at the AGTP which will approach and likely equal
ZO% per year. ProcedurE'is that could be implemented by the NPC or other
appropriate agencies to mitigate the impact of this excessive turnover rate are
addressed in subsequent sections.

TRAINING PROGRAMS, CURRENT STATUS AND NEEDS

According to discussions with AWSA personnel, the effort and expenditures put
forth by AWSA during the past five years for formalized training for the
management, supervisory and line personnel have not been emphasized. A few
employees have been sent to other facilities to obselve their operations and
maintenance procedures or to attend related seminars, but these training functions
occured or.ly on rare occasions. The training that does take place at the facility
consists of one-on-one assistance between th.e manager and/or supervisors and the
line personnel in response to a specific operations or maintenance problem.
Although of some benefit this after-the-fact training has limited value and usually
relates to one specific problem with limited application in preparing the line
personnel and/or supervisors to be able to cope with future problems.

One of the primary purposes of the Ain Ghazal plant is to provide maximum
removal of pollutants from the incoming sewage and to discharge an effluent that
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will have minimal adverse impact on the receiving waters. This goal can only be
achieved through constant process control monitoring and appropriate operational
response to changes in the process parameters. The maintenance of the various
equipment within a facility is critical to good operations, but only in the sense
that it is a support function necessary to achieve the goal of efficient operations.
The staffing of the Ain Ghazal Treatment Plant as can be seen in Table 11-1, is
maintenance oriented, not operations oriented. Only three of the 98 people at the
Ain Ghazal plant appear to have a good grasp of operations. They are the plant
manager, the c.:hemical engineer and the mechanical engineer in charge of
operations. The mechanics, welders and electricians who function as the only
operations staff 16 hours per day and on days off and holidays appear to have very
little understanding of the concept of operations control as it relates to a sewage
treatment facility.

The need to provide training to upgrade the capabilities of the existing personnel
at the facility is very great. The following are some of the areas of immediate
concern that should be addressed by a comprehensive training program.

Level I Plant Manager. Within the near future, the plant manager will be
responsible for directing his staff in the operation and maintenance
for the proposed new and Wlfamiliar sludge handling facilities. It is
also possible that he will be required to provide input for the
evaluation of certain new design concepts for a proposed expansion
of the existing AGTP and subsequently direct this staff in the
operation and maintenance of the new and modified facilities.

Level n Supervisory Staff. All of the engineers should have a good grasp of
the basic principles of opera.tional control together with an
Wlderstanding of the specific relc:.'ionship of the function of their
respective departments to the overall objectives of the AGTP.
These supervisors will soon be responsible for the operations and
maintenance of the new sludge handling facilities and, later, the new
plant facilitie!l.

Level m Line Personnel. As presented in the discussion on staff experience,
the median number of yers of prior, related experience, for the line
personnel when they joined the ASTP staff was 3 years. Although
many of them have had previous mechanical maintenance
experience, little, if any of it was on the type of equipment
typically encountered in a sewage treatment facility. Also, none of
the line staff has had any training in the operation of sewage
treatment facilities.

Level IV Laborer Staff. These positions are semi- or non-skilled, and most of
these workers have little concept of the basic objectives of the
facility and basic personal hygiene procedUl'es.
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In addition to the above areas, a training program should be initiated for all
employees that stresses the inherent hazards of working in a sewage treatment
facility and necessary safety precautions tha.t should be taken.

CURRENT OPERATIONS AND MAINTENANCE PROGRAMS

AWSA personnel operate and maintain both the AGTP and, by contract, the
KHMCTP as well. The Salt TP is the responsibility of the Municipality of Salt.
Good operations are dependent upon a reliable process control testing program,
correct interpretation of the results and proper process control charges based on
interpretati'ms.

Operations at AGTP

Daily sal:Jples are collected throughout the AGTP and taken to the laboratory for
analysis. The following process control and monitoring analyses are performed on
the samples:

Daily analysis

Settleable solids, dissolved oxygen, sight depth, chlorine residual and
coliforms.

Biweekly analysis

Temperature, pH, total solius., suspended solids, BODS, sludge volume index,
volatile solids and chemical oxygen demand

Previous attempts to operate the facility based on the accepted parameters of
F1M ratio and mean cell residence time have not been successful. The amount of
mixed liquor suspended solids needed in the aeration tanks under these conditions
exc~eds the capacity of the aeration system. Also, it is almost impossible to
balance the solids loadings on the four tanks. The only process control readily
available to the operational staff is the control of wasting rate from the individual
aeration tanks. Control of this parameter is limited due to the V-notch weirs
assembly air lift pumps and the amount of solids that can 1'>e wasted daily to the
gravity thickeners.

Scum and grit originating mainly at the cesspool operction are 81so causing
operations problems resulting in grit accumulation in the digesters arId some scum
in the final effluent. Also, considerable operational problet';i." ~xist due to lack of
digester space and non-functional equipment associated wit~! the solids handling.
The implementation of the results of tb~s study should a1levh\l(~ these problems.

In general, little improvement in effluent quality could be achieved through
changes in the 01 erational proc:edures of the AGTP due to the limitations of the
existing ~quipment and influent load. Little improvement in effluent quality can
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be expected until expansion relieves the exces;live loads to the facility. The
operation and maintenance procedures are adequate considering the overloaded
condi tions.

Maintenance Procedures at AGTP

The AGTP employs a weI qualified staff of supervisory personnel for the
maintenance of mechanical and electrical equipment. Tho line maintenance
personnel are sufficient in number to handle the majority of the maintenance
tasks although most were hired with limited vocational education and maintenance
experience, especially experience in sewage treatment field. The maintenance
tools, equipment and machinery at the facility are sufficient for most minor and
major repairs.

Two separate record systems are employed at the AGTP to direct routine
(preventive) maintenance program and to document breakdown (repair)
maintenance program. The routine maintenance program is controlled by a large
wall chart spanning a one year period that tests each piece of equipment and the
type of periodic maintenance that must be performed. The mechanical engineer
(maintenance) directs the weekly routine maintenance program from this chart.
However, at the end of each week, no record is made of the routine maintenance
tasks performed.

An equipment card exists on each piece of machinery at AGTP. The type of
equipment, manufacturer, supplier, serial number and other important information
used frequently or not readily available in the manufacturer's equipment
literature, is recorded. The back of the card contains and date and type of repairs.
The following observations are based on a review of the equipment cards:

• Barminutors 1 and Z - Out of service ior repairs a total of seven times
since they were both overhauled two years ago.

• Chlorinators 1, Z at 3. One entry for cleaning since units were installed.

• Grit screws 1 and Z. Two reports of minor repairs although units have
been broken several times and out-of-service for some time.

• Sludge pumps all overhauled in 1973. No other record of repair.

• Air compressors 1, Z at 3. Only one entry for each in 1975.

• Primary sedimentation scraper, chains' and drive units (6). Only two
repairs recorded since installation.

• Final sedimentation, scrapers, chains and. drive units (1Z). Only one
recorded repair since installation.

• Blower No.1. Overhauled in 1977. Out-of-service fol' 9 months.
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• Blower No.3. Overhauled in 1978.

• Blower No.4. Cleaned in 1974.

• Blower No.5. Repaired and/or overhauled in 1975, 1978 and 1980.

• Blower No.6. Reported vibrating in 1975. No other entry.

• Blower - spare. Overhauled in 1977, 1978 and 1980.

• Flushing Pump No.1. Overhauled in 1977,1978 and 1980.

• Flushing Pump No. 1.. Overhauled in 1980.

• Heat exchangers 1 & 1.. No record of repair.

The previous information would indicate that the equipment at the AGTP is
relatively maintenance free. Discussion with plant maintenance personnel have
indicated that this is not the case. It is more likely that the plant record system is
not updated regularly.

The equipment initially installed at the Ain Ghazal plant is over 12, years old. It is
obvious from the repair records just listed, although incomplete, that the
frequency of breakdown, repair and overhauling of equipment is increasing.
Observation also indicates that replacement of the scrapers, chains and sprockets
on the primary clarifiers and repair on other major equipment are imminent. In
the past five years, the mechanical maintenance staff has almost doubled, a
further indication of the increased occurrence of major maintenance tasks.

The maintenance staff has attempted to keep an adequate supply of frequently
needed spare parts in the store I'oom. This task is becoming more difficult. Many
original replacement parts are no longer available for much of the equipment and
instrumentation. Substitute replacement parts have been located for many items
no longer available but the adequacy of future supplies is questionable.
Frequently, specialized replacement parts are purchased locally at exorbitant
prices, or ordered from the original equipment supplier wit}; a 6-11. month wait.

Also indicative of the limited future lifespan of the equipment is the list of items
that are no longer functional. These items include:

• Influent flow meter

• Chlorine res&tlual al"\alyzer

• All gas, sludge and other flow meters on the main control panel

• Digester gas mixing system

• Some digester pumps
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• Grit screw

A considerable increase in the cost of equipment repairs, maintenance man-ower
and the cost of replacing major pieces of equipment can be anticipated in the next
five years at the Ain Ghazal plant.

Condi tions at KHMCTP

The King Hussein Medical Center Treatment Plant is operated by the AGTP staff.
The plant iufluent exceeds design capacities for flow and solids loading. The
process control capabilities are also limited. Settleability tests are run daily and
influent and effluent BODS tests are run weekly by the Ain Ghazallab. No other
p,"ocess control tests are performed. The only control over the entire activated
sludge process is the wasting of sludge by air lift pumps. Practically, the wasting
rate should be based on the MLSS concentrations in the aeration tanks. However,
this test is not performed. Wasting to the sludge drying beds is done every two
days based only on the settleability results and the color of the mixed liquor.
Equipment has been ordered that will allow the staff to measure D.O. and pH in
the future.

Considerable scum accumulates on the surface of the clarifiers since no scum
removal equipment was provid.ed for the se(;ondary clarifiers. The staff has
installed crude screens at the end of the effluent weirs to collect some of the
scum. This has resulted in the complete floodi:ng of the effluent weirs uch that the
clarifier water level is approximately 1 cm OVt!r the weir level.

The chlorine is injected into the effluent flow just prior to entering the pipe that
discharges to the adjacent wadi. The point of injection provides little mixing and
the contract time prior to discharge is only a few minutes. the chlorination
system was not functIoning at the time of the plant inspection, and it appears that
it will require considerable maintenance in the near future. Dewatering and
maintenance on either of the two aeration tanks causes the remaining aerator to
overload and shutdown, thus stopping all treatment. The aerators were overhauled
recently and will require minimal maintenance in the near future. The two air
compressors for the air lift pumps were recently abandoned and new compressors
installed.

The sludge drying bed underflow drains into an earthen reservoir adjacent to the
wadi. The pump used to return the flow to the headworks is out of service and a
new pump is on order. The plant flow meter was also out of service.

Conditions at Salt Treatment Plant

At the time of this writing, the new Salt TP was under the operational control of
the contractor. The facility appeared to be performing adequately although there
are operational and design considerations that make the plant very inefficient and
costly to nperate and will coatinue to create problems with the effluent quality.
The aeration tank is overdesigned for the current and projected flows. Six
mechanical aerators are in use at all time, 33% of the time at high speed and 66%
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of the time at low speed. If positioned correctly, 2 or 3 of the aerators would be
sufficient to maintain adequate D.O. and mixing.

The secondary clarifier is not equipped with a scum removal mechanism. All
scum is discharged with the effluent. The removal of sludge from the clarifier is
by gravity feed to a wet wall containing 2 Archimedean screw lift pumps. This
arrangement is susceptible to plugging as was the experience during the plant
visit. Subsequent denitrification was causing most of the solids loading to the
clarifier to be discharged with the effluent. The RAS is discharged at the
effluent end of the aeration tanks only 30 m from the effluent weir. This should
be modified to provide for RAS discharge at the inlet end of the tank.

The contractor has installed a bypass connection on the line leading from the
gravi ty thickener to the sludge drying beds. This line is used during inclement
weather to dispose of waste solids directly to the adjacent wadi. Capacity and
settling problems with the drying beds should be corrected and the bypass line
eliminated. Standby generators capable of operating all major plant functions
have been provided.

Due to the recent start up of the facility and low loadings, current process control
testing and maintenance procedures are minimal. Maintenance records are kept
on major equipment items, mainly due to the requirements of manufacturers'
warranties. Process control testing is negligible. D.O. and settleability tests are
run daily. Every 15 days, influent and effluent samples are taken for BODS
analysis by the Royal Scientific Society. The entire operational process control is
based on the settleability tests. If the settleability rises, the wasting rate is
increased and vi...e versa.

Although marginally adequate at the present, this procedure will not be sufficient
for process control as the loadings increase on the facility. It is anticipated that
considerable training of the operations and maintenance staff will still be needed
when control of the facility is assumed by the Municipality of Salt.

Additionally, the plant influent includes discharges from roof drainage (wet
weather), a pharmaceutical manufacturer, a hospital, and numerous gas stations.
The gas stations contribute spent oil from garagp. operations, this tending to
impair operations. The downspout discharge causes excessive flows during high
intensity rainstorms. The other discharges have the potential for disruption of the
treatment process or effectiveness. A source control program for these
discharges should be implemented. (The pharmaceutical manufacturer's
discharge, reportedly has not yet caus~d any plant process problems).

GROWING IMPORTANT OF WASTEWATER MANAGEMENT

For many years, the Ain Ghazal Treatment Plant was the only sewage treatment
facility in Jordan. The onJy responsible agency was Amman Water and Sewage
Authority. The addition ';'1 treatment facilities at Salt, KHMC and other areas in
recent years and the proposed addition of treatment facilities in Irbid, Zarqa
Ruseifa, Jarash, etc., have broadened the importance of these activites from a
local to a national level. As a result, there is a need for the National Planning
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Council, or other appropriate agency(s), to establish and/or further certain
essentail programs for improving wastewater management. Some of the programs
are of long-term concern and others of immediate concern for implementation.
They should be developed in keeping with the goals and objectives of the Kingdom
of Jordan.

National Monitoring Program

The increased utilization of sewage treatment plants as opposed to cesspool
systems is going to concentrate the potential for adverse effects on the
groundwater supplies and other environmental parameters. This will not be a
concern however, if the loading to these facilties does not greatly exceed design
loadings and the plants are operated in accordance with accepted standards. To
assure that this does not become a concern, the appropriate agency should
establish a simple form of effluent guidelines for each treatment facility. Each
municipality or plant should be required to report compliance or non-compliance
with these guidelines on a monthly basis. This procedure will allow the regulatory
agency to spot problems or potential problem areas quickly and to provide
technical or other assistance in a timely fashion.

Public Awareness Program

Successful operCition of sewage treatment facilities depend upon efficient
conveyance of the sewage to the treatment plant and proper functioning of the
mechanical equipment and biological processes. The dumping of garbage, debris
and many waste liquids into the sewer system can be detrimental to the entire
system. A general public information and education progJ:am could lead to a
reduction of the dumping of harmful substances into the collection and
storm water systems.

Private Industry Awareness Program

The dumping of certain substances used or produced in private industries can be
harmful to the treatment systems and in some instances dangerous to plant
personnel. Private industry should be educated on the potential harm that can
result from the discharge of certain materials. Eventually, it will be essential to
formulate regulations on the type and quantities of certain materials that can be
legally discharged to the collection system.

Sewage Operator Training

Expansion of existing facilities and construction of new facilities will create an
increased demand on the currently almost non-existent manpoer force with
experience in the operation and maintenance of sewage treatment facilities. The
only alternatives to satisfying the demand with qualified personnel are to import
expensive expatriate labor or to develop the institutional capabilities to train the
labor force in-country. The latter alternative is the noost cost effective and
consonant with goals and objectives of the Kingdom of Jordan. The NPC is already
investigating this option and AWSA has recently appointed a training department
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head to initiate such a program. This issue will be discussed later in this section.

RECOMMENDED AWSA PERSONNEL PROGRAM

It is recommended that a revised personnel program be implemented by AWSA as
regards the operations of the AGTP and other treatment and wastewater
management facilities with which it may be involved in the future. Such
recommendations are developed in the light of the current table of organization,
for which a brief appraisal is as follows:

• The current organization is a IIflat ll organization (typical for Jordan) with
considerable direct responsibility on the plant manager. Although the
ultimate authority for all operations and maintenance must reamin with
this position, the responsibility for the plant functions should be delegated
to other staff members. Currently, seven plant functional groups report
to this one posi tion.

• The staff consists of more engineers than normally would be required to
operate a facility of this size. This is consistent with AWSA objective of
having staff on hand to fill vacancies immediately with experienced
engineers.

• The present staff does not contain line personnel whose tl,'aining
specifically qualified them as operators. Four or five of the personnel
who fill in as opel'ators should be trained to function as operations
personnel and permanently assigned to their position. Their II:€:(.hanical
skills make them excellent candidates for this position.

• Operations of the current facility is very labor intensive. The proposed
elimination or upgrading of the labor intensive unit processes should allow
AWSA to reduce the current labor force in the future. The current labor
force at the AGTP could be reduced substantially without loss in
treatm ent efficiency. However, this remains a policy decision for AWSA.

New Table of Organiza~ion

A proposed table of organization for the existing Ain Ghazal s1:aff is presented in
Table 11-6. Thir.. table includes all of the existing staff CL.'1d is not intended to
streamline or r'duce the staff size. Salient features of the proposed table or
organization area as follows:

• The table represents a pyramidal organization where responsibilities are
distributed throughout the staff from the management down to the line
staff.

• An assistant plant manager position (optional) provides a position familar
with all plant functions able to assume responsibility in the absence of the
plant manager.
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TABLE 11-6

PROPosm TJUlLE OF ORGANIZATION FOR EXISTING AGTP STAFF

AWSA

IPlant Manaqer (Ul
I Asst. Plant Mqr. I

---------------- ---- --------
1000rations Superrisor t- rtMaintenance Supervisorr, I Laboratory SupervisorI

Mechanical Electrical, .... Maintenancf! Maintenance -
---1----Forellall Foreman

---------- - ------- ------
Operations H Mechanics Electricians t- 1Lab Assistants I
Supervisor -
lCHMCTP

H Welders H Storekeeper I
Operat1ons ---Shift Forellen - H Pipefitters

AGTP

Operators ~ f-t Machinist J-- - -- - -- ---- --- -----
Operat10ns Ma1ntenar ._ Maintenance I Technical ITrainees and i-""" - Trainees ~ .. _ I Trainees and - Workers
Laborers Laborers Laborers

IClerk I

.;Sludqe Crew I Drivers and

- EquiPDeDt
Operators

HcesSpaol ICrew

Pwlping IStations

LEVEL I
(Manage.ent)
( Staff )
(or 2 Staff)----
LEVEL II

(Supervisory)
( staff )

5 Staff

LEVEL III
(hIle Staff)

22 Staff

LEVEL IV
(Iaborer)
(Staff )

70 Staff

98 Staff

Total
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• The supervisory staff is divided into three main functional groups
(operations, maintonance and laboratory), as opposed to the previous
organization of six functional groups and a facilities group (KHMC
treatment plant). In this arrangement, the Operations Supervisor is
responsible for all sewage operations related functions (AGTP, KHMCTP,
sludge crew, cesspool crew and pumping station) and reports directly to
the assistant or plant manager. The laboratory supervisor is responsible
for process control testing and effluent monitoring at all facilities. The
maintenance supervisor is responsible for mechanical and electrical
maintenance at all facilities.

• It is assumed that the present cooperation between the various
supervisors, line staff and laborer staff would continue in the sharing of
manpower and information because each functional group is dependent
upon the other.

• The proposed new sludge handling facilities would not affect the chart as
presented. Each supervisor may require additional manpower but each
supervisor would assume responsibility for his functional area for the
proposed facilities. The same would apply to any proposed expansion to
AGTP or KHMC treatment plant.

• The staff currently designated as technical workers have been assigned to
the three functional groups and are called trainees. If used correctly in
their capacity, they will ber-om e the source of som e of the line personnel
needed in the future.

Reevaluation of Minimum Qualifications

Concurrent with a change in a table of organization sould be a reevaluation of the
minimum requirements for each position. The minimum position requirements
presented in Tabi\e 11-3 were staff suggested requirements for the purpose of
evaluating the qUiSJifications of the current staff. At present, AWSA does not have
official guideline; for the minimum qualifications for new staff at AGTP and
related facilities. The lack of official guidelines has resulted in a staff that has
the following characteristics:

• The staff is very labor intensive. Over 70% of the staff are laborers
(Level IV).

• Most of the line personnel (Level m) could not qualify for employment
under the proposed minimum qualifications.

• The management and supervisory staff are more qualified and in greater
numbers than would normally be required at a facility the size of AGTP.
As stated previously, this is attributed to AWSA policy and to the lack of
qualifications of the line staff.
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The staffing proj ections presented in this section for the proposed expansion at
AGTP and for the construction of new facilities are directed at modifying these
staff characteristics. This can be accomplished by the formulation and adoption of
official minimum qualification guidelines. New minimum qualification guidelines,
based on the proposed table of organization, should be as in Table 11-3. These
guidelines emphasize the need to hire personnel with a minimum or secondary
academic or vocational training and prior experience in sewage treatment or
related fields. The optional requirements allow for upward mobili ty of personnel
with extensive experience in line with current AWSA policy.

Staffing the AGTP and other new facilities with personnel that meet these
requirements will not be readily accomplished without related changes in other
AWSA policies. Policy decisions should be reviewed in the following areas:

• Salaries - Hiring and retaining employees with superior qualifications
depends upon, among other considerations, salaries that are competitive
with other public and private sectors competing for the same manpower
force. A review of salaries being offered in other sectors for this
manpower should be conducted to determine if the current salary structure
is adequate to compete. Special conflideration should be given to salaries
being offered in neighboring oil-rich countries.

• Training - One option to hiring personnel with all desired qualifications is
to hire the best qualified personnel available and to train them for the
specific duties to be performed. The training of personnel has also proven
to reduce turnover rates and substantially improve operational
efficiencies. It is recommended that AWSA initiate a comprehensive
training program. The next section addresses the implementation of a
training program.

TRAINING PROGRAM

AWSA has recognized the need for training and recently appointed a Director of
Training. Also AWSA is planning to adopt and implement a training program
similar to those offered in the United Kingdom. In implementing training
programs, it is recommended that consideration should be given to certain
essential steps during the program implementation.

Needs Assessment

In order for a training program to be effective and efficient, a needs assessment
survey should be conducted inti ally. This survey should identify the types of
information needed to perform a given task and the current skills and knowledge of
the personnel performing these tasks. To determine the skills needed to peJ."form
a task, specific job titles need to be established as presented in Table 11-6. For
~ach job ti tie, a job description is formulated that lists the minimum qualifications
.md specific duties to be performed. For example, oue duty statement for a
maintenance mechanic might be that he will be able to replace the packing on all
pumps. To accomplish each duty, a number of specific skilh must be used by the
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individual. In repacldng a pump, some of the skills that would be needed inch,de:

• locking out the pump
• isolating the pump from the system
• actuating the standby pump
• removing the lantern ring
• removing the old packing
• installing the new packing, etc.

The process can become cumbersome if too much detail is involved.

Once the specific skills are identified an assessment is performed to determine
the skills already possessed by the existing staff. This can be performed in several
ways. The simplest method is to ask the supervisory personnel if the indivirlual
can perform the tasks. A more detailed procedure involves asking the individual to
perform the task or how he would perform the task. The detailed listing of
spedfic job skills and the assessment of the current skills becomes the basis for
the t~aining program. They describe the skills that must be demonstrated.

Training Delivery Method

The appropriate methods to deliver the training must next be determined.
Training may be in the form of classroom training, on the job training or a
combination of both. Each training method can be presented in different ways.
CI?.8sroom training may consist of lectures, demonstrations, worksheets, use of
audiovisual techniques, or hands-on work. On the job training may consist of
lectures, demonstrations, actual performance of the task by the trainees or a
combination of methods. It is also important to determine when the training will
take place. Training activities can take place during working hours, after hours or
on days off. The determination of the appropriate training delivery method will
depend entirely on the results of the needs assessment and other local conditions.
For some staff positions, it may be determined that the best training can be
obtained through overseas visits to other sewage treatment facilities, attendance
at specific seminars or conferences or consultant training services.

Selection of Trainees

The method of selection of trainees will depend upon AWSA objectives. Although
it would be desirable to train all level I, II and m employees, the best alternative
may be to initially train those individuals requiring the least amount of training.
Initially, trainees should be selected that have similar background and present
skills.

Development of Trainins Materials and Lessons

The needs assessment information is used to develop specific behavorial
objectives for each training segment. The specific, detailed lellon planl, are
developed based onthe behavorial objective.. The lesAon matariall, handoutll,
visual aida and demonltration equipLl1ent ftl't! acquired ahar the 16110nl have bft6n
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developed.

Presentation of Evaluation

After completion of the previous steps, presented of the training materials is a
simple task. Subsequent to the delivery of each lesson or groups of lessons, the
trainees should be evaluated to determine if the training objectives have been
met. This will serve as feedback for revisions, as necessary, to the lessons.

The implementation of a training program using these quideHnes will be a major
undertaking for AWSA. It may be advantageous for AWSA to seek the assistance
of the Vocational Training Corporation, other appropr~ate educational agencies, or
an outside consultant with considerable expertise in vocational training in the
sewage treatment field.

In addition to training of existing staff, AWSA and other municipalities will be
I'aced with hiring and training new personnel for the proposed expamdon of AGTP,
KHMC treatment plant and for other proposed new facilities. Ninety-eight people
are currently employed at the AGTP but this will increase greatly. Table 11-7
projects the treatment plant personnel requirements in the Greater Amm~ Area
for 1990 and year 2000, assuming implementation of all alternatives. Even with
only selective implementation of projects, the need will be substantial. The
training of personnel for the proposed and expanded new facilities must begin well
before the starting of the facilities. Most personnel for these facilities should be
hired from 6 months to a year prior to the start of these facili ties to provide
adequate training. The training responsibilities for AWSA are going to increase
tremendously in the next years.

The above training programs may prove to be too costly a program for AWSA to
implement on its own. Serious consideration should be given to establishing a
national tl'aining center within the Kingdom of Jordan. A training center would
have the following advantages.

• The cost of training would be disturbed over a larger base.

• Smaller municipalities who could not afford a training program would be
able to participate.

• It would help prevent duplication of training efforts.

• It could provide upgrade training to existing personnel and entry level
training.

• It would be a.ble to supply entry level personnel to meet the projected
yowage treatment mlUlpower ntH3ds within Jordan and pOIiRible other
Middlft East countl'ifJR.

• Thft trfth,ftf;,R would b~cOlntl ftunUll\f with ft vl'rl~ty gf tfijl\tm~nt pll'nh
"nd PI'O(:ft"!H~fIl ftnd not jUMt nnij "ptH:IfIG tYP~1
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Implomontation of l\ nationul trlllniJ'lg program will bo a major undertaldng. It is
rocommondod thut programs of u sh1'li1.Ill' naturt' to those that exist in most of the
United Statos be visited and evaluated prior to uny progrum of implementation.

OPERATOR CERTIFICATION PROGRAM

A logical extension to national monitorinl~ and training program i8 the
certification of sewage treatment operations and maintenance personnel. Such a
program aids in the establishment of Wliversu1ly acceptable minimum educational
and experience requirements within the I<ingdom. This also facilitates the
movement of employeea from on facility to another which will become routine in
tho near future. Certification programs have been shown to improve the
operational efficiencies of personnel and to aid in the recruitment of new
personnel into tho sewage treatment field.

A modol certification program used extensively in the U.S.A. is that which was
adopted by the State of California and is administered by the State Water
ReBources Control Board. The following excerpts are from California
Adminstrative Code, Chapter 3, Title 23, Subchapter 14, "Classification of
Wastewater Treatment Plants and Operator Certification."

"2480. CERTIFICATION OF ELIGmILITY. Eligibility for
cortification shall be based on the following qualifications for
ellch designated grade of wastewater treatment plant operator.

(a) GRADE I

(1) Ono year oC f·..Jl-time employment in actual operation
of a wastewater treatment plant and six educational
points. Education may not be 9ubsti tuted for
experience.

(2) A:.>pltcanta will be required to pass a written
examination to demonstrate their knowledge in these
tlpecUic arou.sl general knowledie of the basic
principles and methods of wastewater treatment and
IIpoclfic knowledie of tho procedures involved in
operatlnliJ anti maintainini stabilization ponds and
primW'y treatment plants.

(b) GRADE U

(1) Hi~h Mchool education or equtvnlent RRthfnctory to
th~ divl"ion nnd two yearM of full thllft axperianca in
not,',nl upaution tmll l1l"int~nanc:~ of a WftMtawtaar
trQF\tmtilnt plant ftlul Mix ft(luQftUcmal pointli, Qr

(~) nHl~ f\m\ nnt=t"'hnlr yat\rM of I'tMflal'tanpa whUa tn
\llHuHj~~lnn nf flny nN'I\~ 1Ptlrtlftpnta,
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(3) Applicants will be required to pass a writtel1
examination to demonstrate their knowledge in these
specific areas: basic knowledge about record keeping
and interpretation, and reporting and specific
knowledge about functionsl of plant components,
normal performance characteristics for commonly
used primary and secondary treatment processes,
chlorination, routine service and care of equipment,
routine tests for evaluation of plant performance and
plant and personnel safety procedures.

(c) GRADE m

(I) An AA degree including 15 units of basic science
from a community college or two years at a college or
university including 15 units of basic science and two
years experience :.:. the operation and maintenance of
a wastewater treatment plant or a major part
thereof, or

(2) High school education or equivalent satisfactory to
the division and four years of experience in the
operation of a wastewater treatment plant and a
minimum of 16 educational points, or

(3) Three years experience while in the possession of any
Grade II certificate.

(4) Applicants will be required to pass a written
exalDination to demonstrate their knowledge of these
specific areas: specific knowledge relating to design
applications, operations, control and calculations
involved in treating waste by the primary treatment
and biofiltration methods and various modifications of
the activated Jludge process and basic knowledge of
the principles of tertiary treatment.

(d) GRADE IV

(1) A Bachelor's degree with a major relted to the
walitewater treatment field and two years of
eY.perience in wastewater treatment satisfactory to
the division, or

(2) An AA degree including 15 units of basic science
from a community college or two years at a college or
univp.rsity including 15 units of basic science and four
years of experience in the operaiton and maintenance
of a wastewater treatment plant or a major part
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thereof, or

(3) Graduation from high school or equivalent
satisfactory to the division and six years experience in
the 0pElration and maintenance of a wastewater
treatment plant, or part thereof, and a minimum of 3Z
educational points, or

(4) Four years experience while in the possession of any
Grade m certificate.

(5) Applicants will be required to pass a written
examination to demonstrate their knowledge in these
specific areas: specific knowledge relating to design
applications, operation, control and calculations
involved in treating wastes by the primary treatment
and biofiltration methods and various modifications of
the activated sludge process and a working knowledge
of tertiary treatment and the various types utilized.

((;;) GRADE V

(1) A license as a professional engineer in the State of
California and four years experience ill wastewater
treatment satisfactoyr to the divison, or

(Z) A Bachelor's degree in engineering or a Bachelor's
degree with a major related to the wastewater
treatment field and five years experience in
wastewater tre=3.tment satisfactory to the division, or

(3) An AA degree including 15 units of basic science
from a community college or two years at a college or
university including 15 units of basic knowledge and
six years of experience in the operation and
maintenance of a wastewater treatment plant or a
major part thereof, or

(4) Graduation from high school or equivalent
satisfactory to the division and ten years of
experience in t:le operation and maintenance of a
wastewater treatment plant or part thereof, and a
minimum of 48 educational points, or

(5) Six years of experience in the possession of any
Grade IV certificate.
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(6) Applicants will be required to pass a written
examination to demonstrate their knowledge in these
specific areas: specific knowledge relating to design
applications, operation, control and calculations
involved in treating wastes by the primary treatment
and biofiltration methods and various modifications
of the activated sludge process and a working
knowledge of tertiary treatment and the various
types utilized.

Z481. EXPERlENCE EQUIVALENCE

(a) Two or more years of experience in the operation of a
water treatment plant may be substitued for one year of
experience as a wastewater treatment plant operator
provided that the plant included two or more of the
following processes: Coagulation, l:6edimentation, aeration,
filtration, oxidation or chlorination.

(b) Except for the requirements under Section Z480(a) and
Z480(d) (1), educational points may be substituted for one
year of experience. Educational points used qualifying for a
grade may not be used to reduce the time required in that
grade to qualify for the next higher grade.

(c) Experience shall not be substitued for educational points.

(d) A list of approved training courses and assigned
educational points shall be maintained by the division and
shall be made available to all persons upon request.

(e) Credit for education will be allowed as follows:

(1) Sixteen educational points may be substitued for one
year experience. Educational points substituted shall
not be resubstituted for experience for subst:quent
examinations for a higher grade.

(Z) One three-unit semester accredited college course
related to wastewater treatment will be equivalent to
eight points.

(3) Successful completion of training courses such as the
Environmental Protection Agency correspondence
course will be equivalent to 16 points.

(4) Other training courses equivalent to a three-unit
semester accredited college course, and approved by
the board will he equivalent to eight points.

11-3Z



PROJECT IMPLEMENTATION PLAN

(5) Training courses in water quality control conducted
by community college adult evening school, 1.4 weeks
or one semester will be equivalent to eight points.

(6) Short courses shall be equivalent to one point per day
attended with a maximum of three points.

(7) In-house training courses will be assigned points
based upon length of course and course content.

1.481.. HIGH SCHOOL EQUIVALENT. High school equivalence
may be obtained by substituting six educational points for each
uncompleted year of school through grade 11. or through passing
an approved GED tes."

OR.OINANCES

Ordinances to be considered include those for regulating sewer construction and
use, plumbing, and control of industrial waste discharges. The objectives are to
develop and maintain high standard of construction maintenance and operation, for
the protection of the public health, the environment, and public investments.

SEWER CONSTRtJCTION AND USE

Appendix D-1 contains information excerpts on sewer construction, sewer use and
industrial wastewater discharge ordinance provisions for both the City of Los
Angeles and the County Districts of Los Angeles County, which is a large agency
for operation of trunk sewers. Appendix D-Z contains rules and regulations
governing disposal of industrial wastes to the sanitary sewers and storm drain
systems of the City of Los Angeles, California. Previous discussions in Chapter 5
have alluded to some of the features of this ordinance. One of the important
provisions of the sewer use ordinance is the authority of the Districts to require
correction of improper use of connected sewers, under pain of disconnection.
Improper use includes that which results in discharges of septic wastewater,
excessive groundwater, debris or other objectionable material to the Districts'
sewers. Dis<.:harges of rainwater are considered an improper use. The City of Los
Angeles, which operates both lateral sewers and trunk sewers has essentially the
same provisions.

Both of these agencies have long recognized the need for exclusion of storm water
from their systems. The climates of Los Angeles and the Greater Amman Area
are somewhat similar, at least in terms of rainfall patterns. If rainwater (from
roof and yard drains, etc.) could be better excluded from the network of AWSA,
Salt, and future wastewater systems, the treatment plants would not have to by
pass inadequately treated wastewater to the receiving streams during high
intensity stormo nor lose undue quantities of the activated sludge itself due to
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excessive flushing action in the aeration and final sedimentation tanks. This
would reduce stream pollution. A long range program for removal of storm water
from existing sanitary sewers and an immediate program for exclusion of new
storm water connections should be undertaken. In part, this is an aspect of
plumbing ordinances.

PLUMBING ORDINANCES

Detailed consideration of plumbing ordinances is beyond the scope of this Master
Plan report. However, in order f.or the sewer systems to be used to convey only
those liquid and waterborne solid wastes for which they are intended, it will be
necessary for greater attention to be paid to standards and practices for building
plumbing. To this end, the Plumbing and Gasfitting Regulations of the Washington
Suburban Sanitary District appear to offer a good example. The District is a
"sister agency" of the Municipality of Amman, and technology transfer already
occurs between these agencies. Upgrading of plumbing standards and practices is
probably an indirect, but nonetheless essential, part of the project
implementation.

INDUSTRIAL WASTES CONTROLS

Chapter 5 provided a discussion of industrial wastes controls primarily from the
technical standpoint. In order to be effective, an adequate means of establishing
and updating standards and enforcing compliance must be provided. The permit
system has been found to be a very satisfactory means of implementing industrial
wastes control ordinances. Under this arrangement, the allowable discharges
from various contributors of industrial wastes may be revised from time to time
in the light of circumstances. That is, the industrial wastes discharge permit,
together with its limitations on pollutant discharges, no only may be revoked for
non-compliance bl:t also made more restrictive if conditions so warrant. They
system is based on sound technical criteria and an equitable means of
administration. Requirements =:';1" contributors to the sewer system are in
accordance with the impact that such contributions have or may have upon the
system including the treatment and disposal works.

It is noted that Specifications Standard ZOZ, now applicable to industrial wastes,
could be readily amended to cover wastewater collection and treatment as well.
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CHAPTER lZ

FINANCING ANALYSIS AND REVENUE PROGRAM

FINANCIAL ANALYSIS CONCLUSIONS

This is a summary of the financial analysis findings set forth in this chapter and
the supporting schedules. Essentially, 'the cost of implementing the Phase I
Improvement Program cannot be fully supported by sewerage utility revenue
alone. This is apparent even when escalating the rates and charges to the fringes
of the calculated "ability to pay" of the lower income groups. The shortfall of
~evenue generation essentially affects the ability of the utility system to repay
capi tal costs financed through long term loans. This is especially apparent in the
eight proposed independent systems where no initial sewerage investment has
been previously made. Table lZ-1 is a synopsis of operating results as detailed in
this chapter: .

TABLE lZ-1

SUMMARY OF PROJECTED OPERATING RESULTS - YEAR 1990

Operating Operating Net before Total Debt
Revenue Costs Debt service Service(l)

(in JD 1,000)

Expanded AWSA System 5,403 6,Z84 (881) 5,445
Sahab System 71 47 24 239
Abu Alanda System 71 56 15 392
Baqa'a System 2Z2 475 (Z53) 1,090
Sukbneh System Z8 4Z (14) 97
Hashimiya System Z6 7Z (46) 101
Lower Wadi es Sir System 97 121 (24) 6Z4
Fuheis and Mahis System 47 121 (74) 115
Na'ur System Z6 87 (61) 88

(1) Based on 10%, Z5 year loan terms. (Note: This is a revision of the draft
report which used 9%, 30 year loan repayments).

The benefits of adequate sewage disposal exceed the direct benefit received by
the system user. Indirect benefits include public health, productivity, protection
of the environment and water resources, enhancement of aesthetics and general
improvement to the standard of life. The eight independent systems under st\ldy
are "ncumbered by large capital requirement because no investments were made
in se\:'age disposal systems during prior years.
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Careful consideration should be given to these indirect benefits and lack of
previous investment programs in conjWlction with justifying a government "equity
investment" or participation in the capital improvement cost. This may be the
only method of financing these projects without Wldue financial hardship on the
system users.

PHASE I INVESTMENT PROJECT COST SUMMARY

The project costs associated with the Phase I"Investment Program are summarized
in this section. Capital improvements and expenditures are calculated on late
1980 price levels and are subsequently escalated based upon the year of
expenditure. A factor of 50% has been added to the 1980 construction cost
estimates to cover the following (See Table 10-11):

Engineering and Construction Supervision
Management Services and Staff Training
Miscellaneous and Contingency Allowance

14%
6%

30%

Table lZ-Z details costs of the nine separate system improvements divided
between local and foreign cost components and incorporating the 50% factor
described above.

TABLE lZ-Z

PHASE I INVESTMENT PROGRAM COSTS - 1980 PRICES

Local Foreign
System Costs Component Total

(in JD 1000)

1. Expanded AWSA Sewerage System

1.1 Ain Ghazal TP Upgrading and Expansion 7,193 10,60Z 17,795
Sludge Hauling Equipment Z70 Z70
House Connection and Lateral Sewers 5,005 45 5,050
Trunk Sewers Z90 Z Z9Z

I.Z Mari al Hamam Tributary System
House Connections and Lateral Sewers 3Z5 7 33Z
Trunk Sewers 90 Z 9Z

1.3 Upper Wadi AbdoWl TP
Land Costs 7S 75
Treatment Plant 1,067 1,888 Z,955
Sludge Line 86 79 165
House Connections and Laterals 3,744 87 3,831
Trunk Sewers and Force Mains 1,354 107 1,461
Pumping Stations 30 36 66

Totals - AWSA Expansion 19,Z59 13,lZ5 3Z,384
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Local Foreign
System Costs Component Total

(in JD 1000)

2. Independent Systems - Activated Sludge
Plants

2.1 Baqa'a System
Treatment Plant 1,200 1,350 .2,550
House Connections and Laterals 3,276 73 3,349
Trunk Sewers 616 8 624
Totals - Baqa'a 5,092 1,431 6,523

2.2 Fuheis and Mahis System
Treatment Plant 122 85 207
House Connections and Laterals 471 8 479
Trunk Sewers and Force Mains 280 11 291
Pumping Stations 32 38 70
Totals - Fuheis and Mahis 905 142 1,047

2.3 Na'ur System
Treatment Plant 63 44 107
House Connections and Laterals 275 6 281
Trunk Sewers 138 Z 140
Totals - Na'ur 476 52 528

2.4 Lower Wadi es Sir System
Treatm ent Plant 396 268 664
House Connections and Laterals 2,817 23 Z,840
Trunk Sewers Z38 3 Z41
Totals - Lower Wadi es Sir 3,451 Z94 3,745

3. Independent Systems - Lagooning Treatment

3.1 Sahab System
Land Cost 147 147
Treatment Plant Z03 11 Z14
House Connections and Laterals 750 15 765
Trunk Sewers and Force .Mains Z69 19 Z88
Pumping Stations 10 12 ZZ
Totals - Sahab 1,379 57 1,436

3.Z Sukhneh System
Land Costs 73 73
Treatm ent Plant Z03 23 ZZ6
House Connections and Laterals Z33 4 Z37
Trunk Sewers 4Z 1 43
Totals - Sukhneh 551 Z8 579
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Local
System Costs Total

3.3 Hashimiya System
Land Costs 6Z 6Z
Treatm ent Plant 176 ZO 196
House Connections and Laterals Z54 5 Z59
Trunk Sewers 83 Z 85
Totals - Hashimiya 575 Z7 60Z

3.4 Abu Alanda-Khirbet es Suq-Juweideh System
Land Cost 760 760
Treatm ent Plant ZlZ 10 ZZZ
House Connections and Laterals 947 19 966
Trunk Sewers and Force Mains 355 ZZ 377
Pumping Stations 1Z 15 Z7
Totals - Abu Alanda Z,Z86 66 Z,35Z

Summa1'y of Investment Programs Costs - 1980 Prices
Expanded AWSA System 19,Z59 13,lZ5 3Z,384
Separate Activated Sludge Systems 9,9Z4 1,919 11,843
Separate Lagooning Systems 4,791 178 4,969

Totals at 1980 Price Levels 33,974 15,ZZZ 49,196

The total Phase I project cost of JD 49,196,000 is stated in 1980 costs and is not
escalated by inflation of materials and construction costs in the year of
expenditures. Capitalized interest during construction is included under Table lZ
3. (See Schedules 1Z.1, lZ.Z and 1Z.3 for itemized details of the various project
costs).

ESCALATED CAPITAL REQUIREMENTS - PHASE I PROGRAM

A projection of anticipated capital requirements is shown in Table lZ-3
incorporating an assumed inflationary factor. Since world economic trends are
presently very volatile and difficult to predict with any accuracy into the 1990's,
a common escalation assumption is used for both local and foreign cost
components. This annual rate of 10% was also used to calculate innationary
trends in future operating costs. Itemized details of price escalations are shown
on Schedules lZ.4, U.S and 1Z.6. Included in Table lZ-3 is the capital
requirement for interest during construction as detailed in Schedule lZ.7.

lZ-4
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TABLE 12-3

PHASE I IMPLEMENTATION COSTS - IN YEAR OF EXPENDITURE

Local Foreign
System Costs Component !!!!!!

(in JD 1000)

1. Expanded AWSA Sewerage System
Treatm ant Plants and Sludge Disposal 11,824 18,336 30,160
House Connections and Laterals 15,457 234 15,691
TrW1k Sewers and Force Mains 2,Z84 313 2,597
Pumping Stations 44 53 97
Totals - AWSA System 29,609 18,936 48,545

2. Independent Activated Sludge Systems (4)
Treatm ant Plants and Sludge Disposal Z,727 2,Z30 4,957
House Connections and Laterals 9,555 157 9,712
TrW1k Sewers and Force Mains 1,81Z 20 1,832
Pumping Stations 44 54 98
Totals - Activated Sludge 14,138 2,461 16,599

3. Independent Lagooning Systems (4)
Land Costs 1,456 1,456
Treatm ent Plants 1,110 89 1,199
House Connections and Laterals 3,053 59 3,l1Z
TrW1k Sewers and Force Mains 1,038 7Z 1,110
Pumping Stations 31 37 68
Totals - Lagooning 6,688 Z57 6,945

Grand Total- Capital Expenditures 50,435 Z1 ,654 7Z,089

Add: Capitalized Interest During Construction 4,5Z7

Total Capital Requirement in 1,000 JD 76,616

The total of JD 76,616,000 represents the anticipated amount of capital needed to
finance the Phase I Implementation Program and is the basis for pr9jecting debt
servicing costs in the statements of operating results.

PROJECTED REVENUE ANALYSIS CRrrIERIA

To equitably evaluate the financing capabilities of the nine separate improvement
projects, certain factors and assumptions are used to adjust operating results in
line with escalated capital requirements set forth previously. A common ground
was desired for evaluation purposes. Eight of the nine projects represent initial
improvements without any prior investment in the provision of sewerage systems.
Consequently, revenue requirements reflect the total cost of debt repayment
including interest and principal. Utility plant depreciation costs are not shown
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due to the newness of the eight systems. This concept is also used in evaluating
the expanded AWSA system to provide uniformity among analyses. A modest
allocation of costs is provided for normal improvements and replacements.

The following fa;:tors and assumptions are used in evaluating future operating
results and in determining the ability to finance capital improvement costs through
operating revenues. Factors used in the analyses were:

• Service Connection Growth
• Water Consumption Surcharge Base
• Proj ected Sewerage Surcharge Rate
• Average Connection Fees
• Operating Revenue
• Operating Costs
• Net Operating Surplus

Service Connection Growth

Projections of growth in active sewer service connections are of prime
importance from the revenue generation standpoint. Revenues from surcharge
rates and connection fees directly correlate to the number of projected active
connections.

Expanded AWSA System. Based upon a historical increase projection basis for the
years 1981 through 1983 and subsequent increases estimated for enlarged service
areas tributary to the Upper Wadi Abdoun plant and the Marj al Hamam service
area. The proj ected increase includes new connections to be accommodated by
the upgrading and expansion of the Ain Ghazal treatment facility.

Eight Independent Systems. Based upon the study estimates of potential service
connections and maximum capacity of proposed treatment facilities.' Active
connections are projected immediately upon completion of the capital works with
smaller annual increases through 1990.

Water Consumption Surcharge Base

Projections of operating revenues based on water consumption surcharges are
reliant upon metered water usage and not individual loading contributions to ~he
sewage treatment plants. This assumes that all sewer connectors will have water
connections that are adequately metered and billed. This revenue billing practice
represents a fair and equitable method of generating a portion of the revenue
requirements even though it may be excessive to a minority of customer classes
and types. The methods of collecting revenues on the surcharge basis are
relatively simple to administer and easy for customers to understand. The
following factors were used in projecting the revenue base for sewerage surcharge
rates:

Expanded AWSA System. The per-connection water consumption has averaged
about 300 m3 annually during recent years. This formed the basis for projecting
the following water consumption projections.

lZ-6
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1

Years

1981 - 198Z
1983 thl'ough 1985
19C6 thl'ough 1990

Average Annual
Watel' Use - m3

300
330
360

These factol's ue used in the water consumption sUl'charge base projected in the
ability-ta-payanalysis.

Eight Independent Systems. Per-connection water consumption is based upon the
sewage loading estimates times a factol' of 1.5. This assumption is considered to
be quite conservative but no actual water consumption data are available for these
areas to provide a statistical base for highel' projections. As actual water use
data accumulates, this pl'ojection should be adjusted accordingly. Schedules 1Z.9
through 1Z.16 show the water consumption projections for each new system.

Projected Sewerage SUI'chuge Rate

An escalating surchuge I'ate was developed fol' testing revenue genel'ation based
on historical rates, recommended rates by' the World Bank (IBRD) and inflationuy
escalation calacu1ated to be within ~,be user's ability to pay (as discussed in
"ability-ta-pay"). The effects of fUl'ther I'ate increases upon I'evenue
I'equil'ements al'e demonstrated in the sensitivity analysis.

Expanded AWSA i;ystem.. Surcharge I'ate incl'eases ue projected to stut a.t the
end of 1981 at 65 fils pel' m3 and progressively incl'ease to Z10 fUs in 1990.
Effects of this rate structUl'e are discussed in latel' sections of this chapter.

Eight Independent Systems. SUI'charge rates ue calculated at 80 fUs pel' m3 in
July, 1984, the estimated starting of new sewel'age facilities. This rate is
progressively incl'eased in 145 fils in 1990. The increases are smallel' than
pl'ojected fol' the AWSA system due to the financial bUl'den of new connection
fe~s on these system users. (See subsequent sections for the effects on these
pl'oposed I'ates).

Average Connection Fees

Connection fees are dil'ect contl'ibutions to capital coat by each new system user
and ue not offset by any costs incUl'red by the utility for physical connection.
The fees are I'elated in cost escalation, historical pl'actices and the abiHty to pay.
A connection fee schedule would I'equire higher contributions by luger system
usel's and the fees shown are averaged. Therefol'e, it is estimated that the
standud single-family residential unit would pay a connection chuge
approximately 10% less than the avel'age fee shown below and in the operating
results schedules. This assumes that about 10% of the connected users will be
classified other than single-family users.
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Expanded AWSA System. The historical average connection revenue has been
slightly under JD 100 per connection. The projections used in the financial
analysis start at an average of JD 125 in 1981 escalating by 10% annually to JD
280 in 1990. This assumes a fee adjustment equivalent to the escalation in future
capital costs.

Eight Independent System. An initial fee of JD 240 is established for 1984
escalating to JD 420 in 1990. These new systems are expected to have a high
number of connections upon completion of construction in 1984 and therefore a
higher fee is projected for revenue generation purposes. Also, the eight outside
systems have no anticipated revenue from sewerage taxes. In contrast, tax
revenue significantly benefits the AWSA operations. Higher connection fees are
necessary for revenues in the outside areas in order to compensate for the lack of
tax revenues. The financial analyses in Schedules 12.9 through 12.16 show
corresponding revenues in thc: year of connection. However, it may be necessary
to allow installment payments of connection fees over a several year period to
avoid undue financial burden on lower income connectors. An installment
financing plan would defer some connection fee revenues into subsequent years.
The large influx of revenue during 1984 and 1985 also creates an initial cash
surplus of some significance. Reinvestment of this surplus will assist the
individual systems in deferri~g a future cash deficit position and is considered in
this analysis.

Operating Revenue

For the purpose of the analysis, revenue from surcharges is discounted by 2% for
the AWSA system and 5% for the independent systems to recognize uncollectible
accounts or bad debt write-offs. With a uniformly applied collection enforcement
program, uncollectible accounts should be maintained under 2% of total billings.

For the AWSA system, revenue from sewerage taxes, based on 4% of the net
rental value of properties within the Amman municipal boundaries, is projected at
historical increase trends Wltil 1984 when properties taxed for 20 years will be
dropped from the sewerage tax rolls. However, with the growth of Amman and
high rate of new construction, the revenue from taxation continues to be a
significant portion of revenues and represents 27% of total revenues in 1990. The
number of connections being served outside the Amman llJunidpal boundaries has
been growing which causes an inequity in the revenues from users outside of
Amman. Some system is needed to recover tax revenue or in lieu tax income
from properties served outside the Municipality of Amman.

Operating Costs

Generally, the same factors and assumptions are used for all systems and
improvements proposed under the Phase I program. Annual inflation of operating
expenses is estimated at 10%. Salaries and wages and other operating expenses
are escalated by the inflativuary factor plus a calculated percentage of increased
work load and costs caus€~d by the addition of new service co~,ections. This
escalation formula is applied to labor costs, chemicals, maintenance materials,
other expenses and administrative costs.
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The basis for operating costs of the new independent systems is the engineering
estimates of annual operation and maintenance expense calculated for each
system. These were calculated on 1980 price levels and escalated by the factors
discussed above.

Power and fuel costs have been treated separately in the cost projections. An
escalation factor of 14% annually is used for all power costs calculated at 1980
rate levels. This assumes a rate of 35 fils per KWH within Amman and 39 fils per
KWH in the outlying areas. The higher escalation rates for power are cO:llsidered
reasonable in light of world-wide increases in petroleum prices and their effect on
fossil fuel generated electricity.

Net Operating Surplus

The net operating surplus (or deficit) is shown for the AWSA system on Schedule
1Z.8 calculated on new capital financing at 10% interest over Z5 year!l. An
alternative is shown assuming a much lower debt interest rate of 3*% over a 30
year repaym ent period.

The eight independent systems will experience an inordinately high income from
service connection fees during the first two years of new system operations. The
supporting schedules reflect this accumulated cash surplus and assume that
reinvestment of excess funds will realize interest earnings of approximately' 6%
annually. This creates an enlarged cash surplus to meet the upcoming years of
high cash demands and deficit operations.

FINANCIAL ALTERNATIVES

As summarized previously, the Phase I Investment Program is not financially
viable if solely tlependent upon operating revenues as projected in this analysis.
Several alternatives could be considered to improve the financial viability within
the individual service areas.

Revenue from Taxation

The AWSA operations within the Amman municipality would be benefited in an
upward adjustment of the present 4% annual assessment allocated to sewerage
service. The present rate was increased during recent years and further increases
may be impracticable. However, the matter deserves further study as a method
to defray part of the long range capi tal improvem ent costs. The areas served
outside municipal boundaries should be considered for assistance from the existing
tax levy revenues being assessed in those areas.

The eight independent systems cover towns and villages both in total and in part
and therefore may be extremely difficult to equitably divide into taxing

1Z-9
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revenues distribution areas that only cover properties subject to sewerage service
benefits. The administrative mechanisms may be too difficult and complex to
warrant generating revenues through taxation allocation to the specific properties
benefited.

Special Assessment Districts

The formation and administration of special improvement districts has been
widely used in the United States and other first-world nations to finance the local
costs of sewerage improvements. These districts finance the capital costs of
collection lines, service connections and a prorata share of trunk and force mains.
Collection methods involve allocation of costs to specific properties on an
assessment formula and the payment of these costs in lump sum by property
owners or through annual aSS-:1ssments based on the loan servicing costs of
financing the unpaid assessments through borrowing from loaning institutions.
The implementation of this type of capital financing may be worth further study
although the complexities and cost of administering improvement districts could
far outweigh their advantages as an alternatie financing method.

Design of Improved Tariff Structures

The present surcharge rate basis restricts the revenues from this source to a
simple formula applied to meterp.d water consumption. A more structured rate
could be developed to apply a service charge to cover fixed costs and a
consumption rate based on user classification. The present system assumes that
an equal proportion of each water users consumption is contributed to the
sewerage system. This is obviously not the case and large users of the sewerage
system may not be paying their fair share of costs. A complete tariff study would
be required to assess the alternative rate structures and their effects on operating
revenues and revenue requirements.

Policy of Capital Cost Subsidies

The table on page lZ-l demonstrates the inability of all nine improved areas to
cover revenue requirements under reasonable and acceptable rates and charges.
The major shortfall is in financing or repaying the capital costs of improvements.
Low debt interest rates, deferred repayment programs or direct government
participation in capital costs may be the only effective solutions to this financial
situation. Benefits to the public health, welfare, environment and standard of
living are viable direct and indirect benfits that are impossible to evaluate in
strict financial terms. These intangible benefi ts must be weighed by the
government to determine the level of subsidy that would be appropriate. Table
lZ-4 demonstrates the subsidy requirements based upon the revenue assumptions
used in Schedules lZ-8 through lZ-16.

lZ-lO
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Reduction of Capi tal Requirem ents

TIua would involve a significant reduction in improvement costs by eliminating
service to possible fringe areas, reducing the level of treatment or trimmin~

capital requiremenh through other method!;;. The Phase I Investment program is
developed to mini...aize costs wherever possible.

TABLE lZ-4

SUBSIDY REQUmEMENT IN PROJECTED OPERATING RESULTS

Subsidy Reguirement (1)

System
Total The Year

To 1991 1990
(JD 1,000)

Expanded AWSA System
Sahab
Abu Alculda-Khirbet-Juweideh
Baqa'a
Sukhneh
Hashimiya
Lower Wadi es Sir
Fuheis and Mahis
Na'ur

3:3,916
] ,056
1,983
6,778

546
731

3,60Z
1,195

708

6,556
Z15
377

1,343
111
147
648
Z49
149

(1) Calculated on Loan Serving at 10% for Z5 years.

REVIEW OF OPERATING RESULTS

Schedules lZ.9 through lZ.16 depict the operating results of the expanded AWSA
system and eight independent systems. The proj ections shown are based on the
factors and assumptions cited earlier in this chapter. The AWSA analysis includes
the total costs of capital repayment shown at 9% and 3*% interest rates.

The independent systems reflect only that portion of debt servicing costs that can
be repaid through operating revenues. This portion of debt coverage through
operations ranges from only 30% for Sahab to nil for two systems.

The effects of major alterations in revenue producing categories t:&'e analyzed
subsequently. The operating results, stated in accumulated cash surplus, for the
nine systems are summarized from the supporting schedules as follows:
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TABLE lZ-5

PROJECTED OPERATING RESULTS TO 1991

Accumulated
Schedule Debt Service Debt Cash Surplus

System Ref. Included Terms (Def.) at 1/1/91
(1,000 JD)

Expanded AWSA System 12.8 100% 10%/25 yrs. (35,196)
Expanded AWSA System 12.8 100% 3*%/30 Yrs. (23,058)
Sahab System 12.9 30% 10%/25 yrs. (52)
Abu Alanda System 12.10 ZO% " (99)
Baga'a System 12.11 15% " (1,213)
Sukhneh System 12.12 20% " (69)
Hashimiya System 12.13 10% " (182)
Lower Wadi es Sir System 12.14 10% " (204)
Fuheis and Mahis System 12·.15 0 " (1Z7)
Na'ur System 12.16 0 " " (175)

The accumulated cash deficit figure for the expanded AWSA sy'ltem covers the
period from 198Z through 1990 and includes depreciation expense, a non-cash
item. It is assumed that the amount charged as depreciation will be expended in
that approximate amount for normal improvments and replacements to the
existing utility plant.

The review of the supporting schedules further confirms the inability of the
systems to generate sufficient revenues to cover capital cost requirements.

SENSmVITY ANALYSIS

Since operating revenues, based on assumed acceptable limits, are insufficient to
cover all revenue requirements, a further analysis is made to determine the
effects of major adjustments in revenue sources. These results are shown in
percentage reductions to total debt servicing costs based on 10% loans over Z5
years repayment period.
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TABLE lZ-6

EFFECTS OF ADJUSTING REVENUE SOURCES
AWSASYSTEM

Annual Average New Percent of
Increase Debt Service D~bt Service

(JD 1,000)

1. Extended AWSA System

a. Increase Surcharge Rate 50% 726 3 j 32Z 2Z%
b. Increase Surcharge Rate 100% 1,453 3,32Z 43%
c. Increase Connection Fee 100% 543 3,32Z 16%
d. Increase Tax Rate to 8% 1,070 3,32Z 3Z%

The same adjustments on 1990 Revenues and 1990 Debt Service are as follows:

Debt Service-1990
10%/Z5 3*%/30

(JD 1,000)

Additional
Revenues

a.
b.
c.
d.

Surcharge plus 50%
Surcharge plus 100%
Connection Fee plus 100%
Tax Rate to 8%

5,445
5,445
5,445
5,445

2,268
2,268
2,268
2,268

1,566
3,13Z

577
1,463

It is demonstrated that no mngle major revenue adjustment will meet revenue
requirements at a 10% interest rate. Only adjustment b. would be sufficient to
meet these requirements if loan interest rates were at 3*%.

A similar analysis follows for the eight independent systems proposed under Phase
I Investment Program.

TABLE lZ-7

BFECTS OF ADJUSTING REVENUE SOURCES
Eight Independent Systems

Sahab

System
Ave. Annual

Increase
Annual Debt % of

Service at 10%Debt Service
(JD 1,000)

a.
b.

Increase Surcharge by 100%
Increase Connection Fee 100%

lZ-13

35
64

Z39
Z39

15%
Z7%



FIN ANCING ANALYSIS AND REVENUE PROGRAM

Ave. Annual Annual Debt % of
System Increase Service at 10%Debt Service

(JD 1,000)

Abu Alanda

a. Surcharge by 100% 35 39Z 9%
b. Connection Fee by 100% 58 39Z 15%

Baga'a

a. Surcharge by 100% 138 1090 13%
b. Connection Fee by 100% 150 1090 14%

Sukhneh

a. Surcharge by 100% 13.5 97 14%
b. Connection Fee by 100% Zl.Z J7 ZZ%

Hashimiya

a. Surcharge by 100% 13.5 101 13%
b. Connection Fee by 100% 17.7 101 18%

Na'ur

a. Surcharge by 100% lZ.5 88 14%
b. Connection Fee by 100% ZO.9 88 Z4%

Fuheis and Mahis

a. Surcharge by 100% Z4 175 14%
b. Connection of Fee 100% 41 175 Z3%

Lower Wadi es Sir

a. Surcharge by 100% 5Z 6Z4 8%
b. Connection Fee by 100% 54 6Z4 9%

This comparison indicates that the doubling of rates and '..:veoDues of both major
revenue sources would not generate sufficient revenues to mt=':1: al~ d ",bt service
requirements. This applies to all eight independent systems.

Tests could be made on the effects of increasing the activl~, servicl', connections
for these systems. However, total connections in the year 19'10 are predicated
upon the treatment plant capacities and an assumption of increased connectio~s

would require a reworking and increase in capital costs relat.ing to treatment
facilities.
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ABU"ITY TO PAY ANALYSIS

In the sodo-economic analysis chapter of this report, several estimates were
made concerning the average household incomes of lower income families. This
average is used to test the ability to pay the charges and rates used in the
financial projections of this chapter. Since the eight new systems are scheduled
for completion and operation in mid-1984, the first year of full service would be
1985. Thus, the average low income groups household income was escalated to
the year 1985. This computes to approximately JD 2.,100 annually or JD 176 per
month. The 1985 rates and charges were used in the test.

It was further assumed that the maximum percent of this income group's
spendable income should not exceed 5% for both water and sewerage service.
This was arbitrarily divided equally into 2.*% for water service and 2.*% for
sewerage services. The maximums are based on generally-accepted limits applie~

internationally and are strictly hypothetical, but are presented to form a basis for
comparison. Further, the imposition of a service connection fee in the eight new
independent systems creates a real financial burden for the lower income group.
It is assumed that installment payment terms may be available to this group to
amortize their connection fees and that they could amortize these fees over a
five-year period. This cost was also considered for the AWSA system users even
though many connections already exist and no further costs are due from present
system users.

TABLE 12.-8

ABn.1TY TO PAY ANALYSIS -1985 RATE LEVELS

System

Expanded AWSA
Sahab
Abu Alanda
Baga'a
Sukhneh
Hashimiya
Lower Wadi es Sir
Fuheis and Mahis
Na'ur

(1) Amortized over 5 years
(2.) Based on JD 176 Average

Monthly
Rates

JD 1.940
1.770
1.650
2..790
1.770
2..050
2..390
1.560
1.670

12.-15

Monthly Percent of
Connection Spendable

Fee (1) Income(1,)

JD 1,.830 2..7%
3.900 3.2.%
3.900 3.2.%
3.900 3.8%
3.900 3.2.%
3.900 3.4%
3.900 3.6%
3.900 3.1%
3.900 3.1%

\::7, N'



FINANCING ANALYSIS AND REVENUE PROGRAM

According to the above analysis, all sewerage cost tests slightly exceed the Z~%

of spendable income. However, the service connection fee amortization is a one
time charge that will not repeat itself in future years. Also, to further
ameliorate this slightly excessive sewerage cost to lower income groups is the
fact that in many instances, the landlord or property owner may shoulder the cost
of the sewer connection. Offsetting this advantage alOe the costs to the new
connector for running his house sewer line to the property edge, or public street
where the publicly-owned house connection terminates.

If rates were established at levels to recover all revenue requirements including
dept servicing, the monthly rates for low income families would greatly exceed
the 5% limitation without including an allowance for new connection fees. In
some systems, sewerage usage charges would represent about ZO% of the projected
monthly spendable of the low income group.

INSTITUTIONAL ARRANGEMENTS

There are distinctive advantages in having the organization providing water
service to a particular area also directly involved in providing sewage collection
and dispoS,l services. When water surcharges are used as a basis for sewerage
revenues, this joint service activity is almost essential. There are several
exceptions to this discussed later in this section.

The Water Supply Corporation is empowered to provide both water and sewerage
service outside <'rea of AWSA. Presently, the WSC does not render sewerage
services nor is it staffed to provide the service. It is providing water supply to
many towns and villages adjacent to Amman either in bulk supply to the town
concUs or directly the customer's service. The Municipality of Salt has
contracted with AWSA to assist in the operation of its new sewerage system but
this is because AWSA is experienced in sewerage operations and WSC is not yet
equipped to assist Salt. The WSC is expected to assume the operational
responsibility for the Salt Sewerage System in the near future.

The AWSA provides sewerage service through an integrated system and the
expanded system under Phase I Investment Program will also be integrated with
the existing system. Therefore, it is logical that AWSA should own, control,
operate and maintain the entire expanded system. This is somewhat complicated
by their enabling legislation that restricts the AWSA service area to the corporate
boundaries of Amman. However, special authorization can be obtained to serve
outside the municipality. Another complicating factor is that some new service
areas will be receiving water supplies directly or indirectly through WSC. This
will require cooperative coordination between agencies especially in relation to
determining water consumption for billing purposes. Also, areas outside Amman
may not contribute sewerage tax receipts and therefore and will receive service
under advantageous costs unless this is equalized through "in lieu of taxes"
assessments or a method to allocate existing sewer tax.

It is recommended that AWSA own, operate and and develop revenues from all
those who use the expanded sewerage system.

IZ-16
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For the eight independent systems, it is recommended that they be owned,
controlled, operated and maintained by the Water Supply Corporation. This will
require staffing of WSC to meet these responsibilities and should also lead to the
complete takeover of the involved local water systems for ownership, operation,
maintenance and customer billing.
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00

Facility

AWSA System - Expanded Westerly
Ain Ghazal Treatment Plant

Expansion and Upgrading

. Sludge Hauling Trucks - 9

Subtotal
House Connections
Lateral Sewers
Trunk Sewers

Harj a1 Ifamam - Tributary·Systems

House Connections
Lateral Sewers

. Trunk Sewers

~per Wadi Abdoun Treabaent Plant

Land Costs
Sludge Line
House Connections
Lateral Sewers
Trunk Sewers
Force Main
Pumping Station

TOTALS

SCHEDULE 12-1

PROJECT COST DATA - J\MMl\N, JORDAN

Expanded AWSA System.
in 1,000 JD - 1980 Costs Years

.Local Foreign Total Expe~lded

.(Inc1s.50'~
'%J....
Z
>

2,874 4,236 7,110 6/83-6/84 Z
(')

3,957 5,833 9,790 6/84-6/85 Z
362 533 895 6/85-6/86 . 0

270 270 82 - 90 >
7,193 10,872 18,065

Z
>

3,270 - 3,270 83 - 90 t"4
1,735 45 1,780 83 - 90 .-<:

en
290 2 292 83 - 85 ....en

>
Z
t1

126 - 126 83 - 84 ::a
199 7 206 83 - 84 l%J

<
90 2 92 1993-84 l%J

Z
1/83 - 1/85

C
1,067 1,888 2,955 l%J

75 75 1982
ttl- ::a

86 79 165 1/84 - 7/84 0
900 - 900 83 - 35 0::a

2,844 87 2,931 83 - 85 >
1,246 12 1,258 83 - 84 g:

108 95 203. 83 - 84
30 36 66 1984

19,259 13,125 32,384
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SCHEDULE 12.2

Project Cost Data - Independent Systems
Activated Sludge Treatment Plants

1,000 JD - 1980 Cost Levels Years
Facility ~ Foreign Total Expended

(Incl. 50')

Baaa'a
STP 1,200 1,350 2,550 . 7/83 -7/84
Sludge Removal 20 . 20 84 - 90
House Connections 435 435 7/83 -7/84,·
Lateral Sewers 2,841 73 2,914 7/83 -7/84
Trunk Sewers 616 8 624 7/83-7/84

Totals 5,092 1,451 6,543

Fuheis and Mahis
STP 122 81 203 7/83 -7/84
Sludge Removal 4 4 84 - 90
House Connections 150 150 7/83.-7/85
Lateral Sewers 321 8 329 7/83 -7/85
Trunk Sewers 271 5 276 7/83-7/ 85
Pumping Stations 32 38 70 7/83-.7/85
Force Mains _9_ 6 15 7/83-7/ 85

Totals 905 142 1,047

~
STP 63 42 105 7/83-7/84
Sludge Removal 2 2 84 - 90
House Connections 75 75 7/83-7/84
Lateral Sewers 200 6 206 7/83-7/84
Trunk Sewers ill. _2 140 7/83,.7/84

Totals 476 52 528 :

t'1adi es Sir (Lower Area)
STP 396 264 660 7/83-7/84
S1udge Removal 4 4 84 - 90
House Connections 1,950 1,950 7/83-7/84
Lateral Sewers 867 23 890 7/83- 7/84
Trunk Sewers 238 _3 .241 7/83-7/84

Totals 3,451 294 3,745

GRAND TOl'AL 9,561 1,147 10,708
~
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SCHJJ:0ULE 12.3

.Project Cost Data - Independent Systems
Lagooning Treatment Plants

1,000 JD - 1980 Cost Levels ~ears

Faci~ity ~ Foreiqn To\:al Expended
(InCI:SO\)

~
STP 203 11 214 7/83-7/84
House Connections 195 195 7/83.-7/84
Lateral Sewers 555 15 570 7/83-7/84
·Trunk Sewers 249 5 254 7/83-7/84
Force Mains 20 14 34 7/83-7/84
Pumping Stations 10 12 22 7/83-7/84
Land Cost (w/o 50\) -ill. -ill. 1982

Totals 1,379 57 1,436

Sukhneh
STP 203 23 226 7/83-7/84
House Connections 77 77 7/83-7/84
Lateral Sewers 156 4 160 7/81-7/84
Trunk Sewers 42 1 43 7/83:-7/84
Land Cost (w/o 50\) 73 - -ll. 1982-

Totals 551 28 579

Hashimiya
STP 176 20 196 7/83-7/84
House Connections 6S 65 7/83-7/84
Lateral Sewers 189 5 194 7/83-7/84
Trunk Sewers 83 2 85 7/83-7/8~

Land Cost (w/o 50\) ..E ..!l 1982

Totals 575 27 602

Abu Alanda-Khirbet es Suq-Joweideh
STP 212 10 222 7/83-7/84
House Connections 210 210 7/83-7/!34
Lateral Sewers 737 19 756 7/83-7/84
Trunk Sewers 333 5 338 7/83-7/84
Force Mains 22 17 39 7/83-7/84
Pumping Stations 12 15 27 7/8!-7/84
Land Cost (w/o 50\) --Z§. - --1! 1982-

Totals 1,602 66 1,668

GRANO TC1l'AL 4,107 178 4,285- -
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ANNUAL CAPITAL EXPENDITURES
ANSA SEWERAGE SYSTEM NITH' WESTERLY EXPANSION

Costs are stated in 1,000 JD

tz::I
1980 Period Annual Construction Cost at 10 Percent Inflation

1-4

Z
Systea and Project Expended

1988 1989 1990 >
Facility Costs and Totals 1981 1982 1983 1984 1985 1986 1987 Zn
AGTP 7,110 1983 2!
Improvements 9,190 1984 9,463* 0

895 1985 14,334* >1985 1,441 ..... Z
Subtotal 17,795 25,238 9,463 14,334 1,-441 >totSludge Trucks 210 ) a 424 180 - 44 - 58 64 78 t<
Subt. AGrP 18,065 25,662 180 9,463 14,318 1,441 58 64 78 CIl... 1-4

N AWSA Syst.
CIl

I >N lI"se. Coons. 3,210 '83-90 544 598 658 124 796 816 963 1,059.... Z
Lat. Sewers 1,780 '83-90 296 326 358 394 433 417 524 517 tj
Tr"k. Sewers 292 '83-85 130 142 157 - - - - - :0Subt. ColI. Syst. 5,342 10,032 910 1,066 1,173 1,118 1,229 1,353 1,487 1,636 t:J

Marj al lIaJ11a111 <:
t:J

lI"se. Conns. 126 "83-84 84 92 Z
Lat. Sewers 206 '83-84 137 151 d
Tr"k. Sewers 92 '83-84 61 67 t:J

Subtotal 424 592 282 310 - - - - - . - "U
:0

UWATP 0
I.and 75 1982 91 0
Plant 1,200 1983 1,596* :0
Plant 1,755 1984 2,569* >

'Sludge P/L 165 1984 242 :=
Subtotal 3,195 4,498 91 1,596 2,811*

lI"se. Conns. 900 "83-85 399 439 483

Lat. Sewers 2,931 '83-85 1,300 1,430 1,573
'Pr 'k. Sewers 1,258 '83-84 831 920
Force Mains 203 "83-84 135 148
Pump St:~~. 66 "83-84 97

Subtotal 5,357 7,761 - 2,671 3,034 2,056

GRAND ararAT. 32.384 48.545 211 14.982 21.599 4.670 1.118 1.287 1.417 1.487 1.714

* Entails capitalized interest during construction.



SCHEDULE 12-5

ANNUAL CAPITAL EXPENDITURES AND 0 I H
INDEPENDENT SYSTEMS - ACTIVATED SLUDGE

Facility 1980 Escalated
Costs Costs 1982 1983 1984 1985 1986 1987 1988 1989 1990

Baqa'a
1,600Service Connections 3,375 3,400 3,425 3,450 3,475 3,500

STP 2,570 1,710 1,.903
"::I

OIH 88 28 106 117 129 141 156 t-C

Pover ~ --lli ~ ~ ---rn 205 ----ll1
Z

318 >House COnnections 435 289 Z
Laterals & Trunks 3,538 2,355 2,590 n

O&H 6,545 9,165 12 16 17 19 21 23 25 t-C

Z
Fuheis I Habis 0

Service Connections 400 850 880 910 940 970 1,000
STP 207 138 151 >

Z
OIH 11 16 18 21 24 27 31 >Pover -u; -n ~ 39 ~ ~ ~ t"I

House Connections 150 100 ----no -- -- -- -- -- -- .-c:
Force Hains, Laterals & en

t-C

Trunks 620 413 454 en....
N OIH 3 3 3 4 4 4 4 >
• 47 --sr ZN Pumping Stations 70 0N O&H 1,047 1,464 1 1 1 1 1 1 1

Paver 1 --2 --2 3 --3 --3 --4 :tl
t:1Na'ur <:

Service Connections 190 400 420 440 460 480 500 t:1
STP 107 71 78 Z

OIH 8 13 15 18 21 24 27 c:
Power --8 ---rr ---nT -n ----g -zB -n t:1

House Connections 75 50 -ss Iod
:tlLaterals &Trunks 346 230 253 0

OIH 52if 137 2 2 2 2 2 2 3 0
Wadi es Sir (Lower) :tl

Service Connections 500 1,050 1,100 1,150 1,200 1,250 1,300 >
STP 664 442 486 g:

O&H 8 16 19 22 25 29 33
Power --w --rr 25 ---rr ~ ~ ~

House Connections 1,950 1,298 1,427
Laterals &Trunks 1,131 752 828

O&H 3,745 5,233 4 6 6 7 7 8 9
Grand Total 11.863 1~,5991

Cost
Capital Costs Total --1§83 1984 1980

Baqa'a 9,165 4,354 4,811 6,543
-;, Fuheis & Habis 1,464 698 766 1,047 •
I Na'ur 737 351 386 528

Wadi es Sir 5,233 2,492 2,741 3,745
Totals 16,599 7,895 8,104 11,863



SCHEDULE 12-6

ANNUAL CAPITAL EXPENDITuRES AND O&H
INDEPENDENT SYSTEMS - LAGOONING PLANTS

1980 Escalated
Costs Costs 1983 i984 1985 1986 1987 1988 1989 1990

Sahab
--Service Connections 'i00 1,050 1,100 1,150 1,200 1,250 1,300

STP (Incl. Land Cost) 361 240 264
O&M 4 8 9 10 11 12 13
Power (Negl.) - - - - - - -

House Connections 195 130 143 t%j
1-4

Force Hains, Laterals & Trunks 858 511 628 Z
O&H 4 4 5 5 6 6 7 >

Pumping Stations 22 15 16 Zn
O&H 0.1 0.1 0.2 0.2 0.2 0.2 . 0.3 ' ZPower 0.3 0.4 0.4 0.5 0.6 0.7 0.7

1.4]6 2,007 i 0
Sukhneh I >

Service Connections 200 410 430 450 470 490 510 Z
STP (Incl. Land Cost) 299 199 219 >r-c

O&H 3 6 6 7 8 9 9 to<:
House Connections 77 51 56 en.... 1-4

N Laterals & Trunks 203 135 149 en
I O&H 1 1 1 1 2 2 2 >N

W -m 809 -- -- -- -- -- Z
Hashimiya t:J

Service Connections 175 355 370 385 400 415 430 ::t'
STP (Incl. Land Cost) 258 172 189 l::I

<O&K 3 6 7 8 8 9 10 l::I
House Connection~ 65 43 48 Z
Laterals and Trunks 219 186 205 C

O&K . 1 --1- ---2 2 2 --2 --2 l::I

602 843
00

Abu A1anda-Khirbet es Suq-Juweideh - ::t'
0

Service Connections 550 1.150 1,200 1,250 1,300 1.350 1,400 0
STP (Iacl. Land Cost) 982 653 119 ::t'

O&K 4 1 8 10 11 12 13 >
House Connections 210 140 154 ---- E::
Force Hains.Latera1s& Trunks 1.133 754 829

O&K 5 6 6 7 1 8 9
Pumping Stations .21 18 19

.O~I 1 2 2 3 3 3 4
Toller .~.3S2 1 2 ~ ~ ---:r ---:r ~3,286 «

l'lltO
Costs Calli tal Costs Total 1983 1984

1.436 Sahab 2.007 956 1.051
579 Sukhnch 809 385 424
602 lIashillliya 843 401 442

2.352 Abu Alallda 3.286 1;565 1.721

4.969 6.945 3.307 3.638
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SClIEDULE 12-7

EXPANDED AWSA SEWERAGE SYSTEM

Capital" EXpenditures and Debt Servicing
(Including Capitalized Interest)

"%j.....
Interest During Construction -

1981 1982 1983 ~ ~ ~ ~ ~ ~ 1990 ~s Z
Treatment Plants >

Z
Ain Ghazal Treatment Plant 9,463 14,334 1,441 25,238

().....Capitalized Interest During Construction
~ 1,530 1,814 Z---

Total Capital Costs 9,748 15,864 1,441 27,052 0
Upper Wadi Abdou'! Treat_nt Plant >
Construction 1,596 2,569 4,165 Z
Capitalized Interest During Construction 48 265 313 >
Total Capital Costs 1,644 2,834 4,478 t"I

-<
~stem Tributary to UWATP 2,671 3,034 5,705 en.....
Capitalized Interest During Construction ~ ~ 466 en....

N Total Capital Costs 2,751 3,420 6,171 >I ZN IIm"'ill Capital Requirearents - Schedule No. 12-4
~ t:JAnnual Totals 271 14,982 21,599 4,670 1,118 1,287 1,417 1,487 1,714 48,545

Add: Interest During Construction 412 2,181 2,593 ~
Adj. for Deferred Capital Repay.ent (13,730) (19,937) 33,667 p:j

Adjusted Annual Requirements
<:

271 1,664 3,843 38,337 1,118 1,287 1,417 1,487 1,714 51,138 p:j

Z
CUmulative Capital Requirements 271 1,935 5,778 44,115 45,233 46,520 ,p,937 49,424 51,138 51,138 c:::

p:j
Annual Debt Servicing at 10' - 25 yrs - 30 213 637 4,860 4,983 5,125 5,281 5,445

"t:I
Annual Debt Servicing at 3.5' - 25 yrs - 16 117 351 2,676 2,744 2,822 2,908 2,999 ~

0
0
~
>s::

"'!IJ!II I I"



SCHEDULE 12-8

AWSA INTEGRATED SEWERAGE SYSTEM

Projected Operating Re~u1ts-ExpandedSystem

Actual Projected in JD 1,000
Year Ending 1979 1980 1981 1982 198] 1984 1965 1986 1987 1988 1989 1990

Service Connections - Active 11,588 13,880 16,]80 17,060 17,780 18,5]0 19,]10 20,120 20,960 21,840 22,760 2],720
Additional-Expanded Area

Upper Wadi Abdoun T.P. 2,000 2,000 2,000
"%jMarj al "amam Area 40~ 401. ....

Expanded AGTP Area 1,400 1,400 1,]00 1,]00 1,300 1,]00 1,200 1,200 1,100 Z
Total Active Service Connections 11,588 1],880 16,]80 18,460 20,580 25,O:a 29,5lZ 3],622 35,762 ]7,8!12 J9,962 42,O~2

:>
Z

Water Surcharged in m3 million 4.05 ].80 4.91 5.54 6.79 8.26 9.14 12.10 12.87 13.{,2 14.]9 15.lJ
n....

projected Surcharge Rate-Fils/m] ]0 ]0 ]0 65 70 75 90 110 130 155 180 210 Z
projected Connection Fee - JD's 125 130 140 1~' 170 190 210 230 255 280 0-~

REVENUE
:>
Z

Water Surcharges at 98~ 122 114 144 ]53 466 601 859 1,3114 l,MO 2,069 2,53'3 3,114 :>
Connection Fees 2]7 275 ]13 270 297 {,!/o 76z. 781 449 478 541 577 t'"
Sewerage Tax Revenue 448 533 6]4 755 898 1,042 85] 981 1,099 1,209 1,]]0 1,463 0-<:

en
Other Income 87 96 105 116 127 140 154 169 186 205 226 249 ....

.... en
N Total Revenue 894 1,018 1,196 1,494 1,788 2,41't 2,628 3,235 3,314 3,!Hil 4,6;)5 5,4Q:! :>
I

N OPERATING COS'l"S Z
U1 t1

Salaries and Wages 427 517 631 719 816 1,000 1,210 1,330 1,460 1,610 1,890 2,070

Power and Fuel· 68 116 220 270 )30 700 800 860 980 1,180 1,420 1,720 ::0
Chemicals 12 16 20 26 30 38 47 58 68 78 91 105 t:j

Maintenance Materials 50 65 84 109 131 188 226 271 '325 390J 460 550 <:
t:j

Other Expenses 90 99 109 120 157 172 193 256 281 320 353 399 Z
Depreciation 175 336 378 392 432 510 535 5f;0 590 600 575 540 C
Normal Improvements & Replacements - - - - - - 300 :'00 700 700 900 900 t:j

Total Operating Costs 822 1,149 1,442 1,6]6 1,896 2,608 3,311 3,835 4,404 4,878 5,689 6,284 "0
Revenue over Costs (Deficit) 72 (131) (246) (142) (108) ( 129) ( 683) ( 600) Cl,030) ( 917) Cl,054) ( 881) ::0
Interest Cost - Previous Loans 175 230 230 230 230 230 230 230 230

0
98 252 241 0

Debt Servicing - New Loans @ 10~ - - - 30 211 637 4,860 4,983 5,125 5,281 5,445 ::0
Net Operating Surplus (26) (J06) (498) (450) ( 368) ( 572) Cl,650) (5,690) (6,243) (6,272) (6,565) (6,556) :>

(J06) (43U (420) (4,192) (4,110)
:;::

Revised Net Operating Surplus (26) ( 354) ( 476) (1,264) (3,506) (4,004) (3,969)

Based on ].5' Loans-]O years

;>.
-.....r

f'" ~.":'I,



SCIIEDULE 12.9

GREATER 1'.HHAN SEWERAGE IMPROVEMENTS

Financial ~alysis - Independent Systems

Sahab System 1983 1984 1985 1986 1987 1988 1989 1990 Totals
-Un 1,000 JD)

Capital Improvements ,
t:jAnnual Capital Costs 956 1,051 2,007 t-4

Capitalized Interest During Construction 29 136 165 Z--- --- --- >Total Capital Costs 985 1,187 2,172 ZLess:Amount Not Recoverable from Revenues-70\ 1,520 ()
Net Recovered from Operations - 30\ _652

t-4

Z
0

System Usage and Financial Assuaptions >
Active Sewer Connections - 500 1,050 1,100 1,150 1,,200 1,250 1,300 Z
Metered Water Use in 1,000 m3 (Load x 1.5) 139 291 305 319 333 347 361 >
Water Surcharge Rate per m3 .080 .085 .095 .105 .ll~ .130 .145 t""
Average New Connection Fee in JD 240 260 285 315 345 380 420 to<:
Average Monthly Sewer 8i11 2.0 2.2 2.4 2.7 3.0 3.4 (/1- t-4

N (/1

I Operating Revenue :>N
0' Revenue from Surcharges (at 95\) 11 23 28 32 36 43 50 223 Z

New Connection Fees 120 143 14 16 17 19 21 350 t::j

Total Revenue 131 166 42 48 53 62 71 573 ::c
Expenditures tr:l

<:
Operating Expenses 8 12 14 15 11 18 20 )04 tr:l
Power Costs (Negligible) (Negligible) 1 1 1 1 4 Z

dAdministrative Expenses (at 100\ of O.E.) 8 12 14 U 17 i8 20 lOll tr:lNormal Improvements and Replacements - - - 2 3 4 6 15
>tf

Total Expenditures 16' 24 28 33 38 41 47- 227 ::c
Operating Gain (or Loss) US 142 14 15 16 21 24 346 0

0Less: Net Debt Servicing Cost at lO\Interest - 72 72 72 72 72 72 432 ::0
Net Gain (Loss) 11S 70 (58) (57) (57) (51) (48) (86) >

Accumulated Cash Surplus 115 (86)
~

185 127 70 13 38 (86)

Interest Revenue at 6\ (Averaq~d) 2 9 10 7 4 2 0 34

Net Cash Surplus 111 196 148 98 45 ( 4) (52) (52)

;'

~-



SOlEIXlLE 12-10

GREATER AHHAN SEWERAGE IMPROVEHENTS

Financial ~nalysis - Independent Systems

IIbu IIlanda-Khirbet-Juweideh System 1983 1984 1985 1986 1987 1988 1989 1990 Totals
(in 1,000 JD)

Capital Improvements

Annual Capital Costs 1,565 1,721 3,286
Capitalized Interest During Construction 47 223 270 t%j....

Total Capital Costs 1,612 1,944 3.557 Z
Less: Amount Not Recoverable fro~ Revenues-80' 2,845 >
Nct Recovered from Operations - 20' ~ 71l Z

()....
Systcm Usage and Financial Assumptions Z

0
Active Sewer Connections 5S0 1,150 1,200 1,250 1,300 1,350 1,400 »Metered Water Use in 1,000 m3 (Load x 1.5) 142 297 310 323 335 348 361
Water Surcharge Rate per m3 .080 .085 .095 .105 .115 .llO .145 - Z
Average New Connection Fee in JD 240 260 285 315 345 380 420 >
Average Monthly Sewer Bill 1.8 2.0 2.3 2.5 2.8 3.1 t"4

"'<
(J1.... Operating Revenue ....

N (J1

I Revenue from Surcharges (at 95') 11 24 28 32 37 43 50 225 >N..... New Connection Fees 132 156 14 16 17 19 21 375 Z
Total Revenue 143 180 42 48 54 62 11 600 0
Expenditures ~

Operating Expenses 10 15 16 20 21 23 26 131
t%J
<:Power Costs 1 2 2 2 3 3 J 16 t%J

Administrative Expenses (at 80' of a.E.) 8 11 13 16 17 18 21 104 Z
Normal Improvelllents and Replacements - - - 3 4 5 6 18 C

Total Expenditures 19 28 31 41 45 r.9 56 269 t%J

Operating Gain (or Loss) 124 152 1'1 7 9 13' :~ 331 I'lj
~

Less: Net Debt Servicing Cost at 10'Interest' - 78 78 78 78 78. 78 468 0
flct Gain (Loss) 124 74 (67) (71) (69) (65) (63) (137) 0

~

Accumulated Cash Surplus 124 198 131 60 ( 9) (74) (137) (137) >
~

Interest Revenue at 6\ (Averaged) 3 10 11 8 5 1 - 98

Net Cash Surplus 127 . 211 155 92 28 (36) ( 99) ( 99)

-""/v---
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SCHEDULE 12-11

GREATER I\HMl\N SEWERAGE IKPIlOVEMENTS

Financial Analysis - Independent Systems

841'.3 I a System 1983 1984 1985 1986 1987 1988 1989 1990 Totals
(in 1,000 JD)

Capital Improvements "%1....
Annual Capital Costs 4,354 4,789 9,143 Z
Capitalized Interest OUring Construction III 621 ~ >-

Total Capital Costs 4,485 5,410 9,895 Z
()

Less: Amount flot Recoverable frOlll Revenues-85' 8.411 ....
Net Recovered from Operations - 15' JAM Z

G1
System Usage and Financial Assumptions >-

Active Sewer Connections 1,600 J.37S 3,"00 ],426 3,450 3,475 3,500 Z
Metered Water Usc in 1,000.3 (Load x 1.5) 701 1,478 1,489 1,~OO .1,51"1 l,j22 1,533 >-
Water Surcharge Rate per 1Il3 .080 .085 .095 .105 .115 .llO .145 t"4

~Average New Connection Fee in JD 240 260 285 315 345 380 420 en
Avcrdge Honthly Sewer Bill 3.1 3.5 3.8 4.2 4.7 5.3

,
I'".... :n

N Op£rating Revenue >-I
N Revenue frolll Surcharges (at 95') 53 119 134 1liO 16~ Ul8 211 1,0:10 Z
00 t:jNew Connection Fees 384 462 .7 8 <} 10 11 891

Total Revenue 431 581 141 158 lUi 196 222 1,911 ~
l%1

Expenditures <:
tE1

Operating Expenses 74 76 98 100 111 122 134 715 Z
Power Costs 34 116 134 155 117 205 234 1,055 C
Administrative Expenses (at 60' of O.E.) 44 46 - 59 60 67 73 80 429 l%1
NOrlllal ImproveDlents and Replacelllents - - - 15 19 22 27 83 'tl

Tbtal EXpenditures 152 238 291 330 374 422 475 2,282 ~
Operating Gain (or Loss) 285 34], (150) (172) (200) (224) (253) ( 371) 0

Less: Net Debt Servicing Cost at 10\ Interest 163 163 163 163 163 163 978 G1
:0

Net Gain (Loss) . 285 180 (313) (335) (363) (387) (416) (1,349) >-s::
Accumulated cash Surplus 285 465 152 (183) (546) (933) (1,349) (1,349)

Interest Revenue at 6' (Averaged) 9 31 37 29 20 10 136

Net Cash Surplus 294 505 229 ( 17) (420) (797) (1,213) (1,213)
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SClIEDULE 12. 12

GREATER AHMAN SEWERAGE IHPROVEMEm'S

Financial Analysis - Independent Systems

1983 1984 1985" 1986 1987 1988 19B9 1990 Totals

Sukhneh Syste..
(in 1,000 JD) Io%j

Z
Capital Improvements >

Annual Capital Costs 385 424 809 Z
()Capitalized Interest During Const. 12 55 67 ....

Total Capital Costs 397 479 --a76 Z
Less: l\IlIount Not Recoverable for 0

Revenues - 80' 701 >
Net Recovered fro.. Operations - 2Cil 175 Z

Syste.. Usage and Financial Assumptions >t-t
Active Sewer Connections 3 200 410 430 450 470 490 510 to<:
Metered Water Use in 1,000.. (Load x 1.5) 56 114 120 126 131 137 142 en........ water Surcharge Rate per ..3 .080 .085 .095 .105 .115 .130 .145 en

N Average New Connection Fee in JD 240 260 285 315 345 380 420 >I
N Average Monthly Sewer Bill 2.0 2.2 2.5 2.7 3.0 3.4 Z
-0 tj

~ratin9 Revenue
::tIRevenue from Surchaqes (at 95') 4 <) 11 13 14 17 20 88
tt1New Connection Fees 48 55" 6 6 7 8 8 138 <:

Total Revenue 52 64 17 19 21 2S 28 226 tt1
Expenditures Z

c:
Operating Expenses 4 10 12 14 15 17 19 91 tt1
Power Costs U*!gliCjible) "tl
Administrative Expenses (at 100' of O.E.) 4 10 12 14 15 17. 19 91 ::tI
Nooaal Improvements and Replacements - - - 2 2 3 4 11 0

Total Expenditures 8 20 24 30 32 31 42 193 0
Operating Gain (or ~ss) 44 44 (7) (11) (11) (12) (14) 33 ::tI

>
Less: Net: Debt: Servicing Cost at 10' Interest - 19 19 19 19 19 19 114 ~

Net Gain (Loss) 44 25 (26) (30) (30) (31) (33) ( 81)

Accumulated Cash Surplus 44 69 43 13 (17) (48) (81) ( 81)

Interest Revenue at 6\ (Averaged) 1 4 4 2 1 - - 12
Net Cash Surplus 4S 74 52 24 ( S) (36) (69) ( 69)

~



SCIIEDULE 12.13

GREATER AHHAN SEWERAGE IMPROVEMENTS

Financial Analysis - Independent systems

198) 1984 1985 1986 1987 1988 1989 1990 Totals "%j
Jlashimiya Systelll -- -- ---

(in 1,000 JD) ....
Z

capital ImprovelllCnts »
Annual Capital Casts 401 442 843 Z
Capitalized Interest During Const. 12 57 69 ()

Total Capital Costs -----gu ....
413 499 Z

Less: Amount Not Recoverable from 0
Revenues - 90\ 821 »Net Recovered from ~rations - 10\ _':n~ Z

system Usage and Financial Assumptions »
Active Sewer Connections 175 355 370 385 400 415 430 t""
Metered Water Use in 1,000 ~) (Load x 1.5) 45 114 120. 126 131 137 142 .-<
Wate.:: Snrcharge Rate per ..3 .080 .085 .095

-.
.105 .115 .130 .145

CIl....
.... Average New Connection Fee in JD 240 260 285 315 345 380 420 CIl

N Average Monthly Sewer Bill - 2.3 2.6 2.9 3.1 3.6 4.0 »
I

W Operating Revenue
Z

0 t1
Revenue I '-CIa Surcharges (at 95\) 3 9 11 13 15 17 20 118 .
New Connection Fees 42 47 4 5 5 6 6 US ~

Total Revenue 45 56 15 18 20 23 26 203 t%J
<:

Expenditures t%J
Operating Expenses 6 16 20 25 28 31 34 160 Z
Power Costs (Negligible) - c=
Administrative Expenses (at 100\ of O.E.) 6 16 20 2S 28 31 34 Hio t%J
Normal IllIprovelllents and ReplacelllCllts - - - 2 2 3 4 11 >tl

Total Expenditures 12 32 40 52 58 6S 12 331 ~

Operating Gain (or Loss) 33 24 (25) ( 14) ( 38) ( 42) ( 46) ( 128) 0
0

Less: Net Debt Servicing Cost at Interest - 10 10 10 10 10 10 60 ::u
Net Gain (Loss) 33 14 (35) ( 44) ( 48) ( 52) ( 56) ( 188) »::

Accumulated Cash Surplus 33 47 12 ( 32) ( 80) (132) (188) ( 188)

Interest Revenue at 6' (Averaged) 1 3 2 - - - - 6

Net Cash Surplus 34 51 18 ( 26) ( 74) (126) (182) ( 182)

- -



SCHEDULE 12. 14

GREATER AMMAN SEWERAGE IMPROVEMENTS

Financial Analysis - Independent Systems

198] 1984 1985 1986 1987 1988 1989 1990 Total
Lower Wadi es Sir System (in 1,000 JD) I'%j.....

Capital Improvements Z
Annual Capital Costs 2,492 2,741 5,2]] >
Capitalized Interest During Const. 75 355 430 Z
Total Capital Costs 2,567 ],096 5,66] ().....
Less: Amount Not Recoverable frona Z

Revenues - 90' 5,097 0
Net Recovered frOCll Operations - 10·~ 566 >

Systena Usage and Financial assumptions Z
Active Sewer Connections 500 1,050 1,100 1,150 1,200 1,250 1,300 >
Metered Water Use in 1,000 111] (Load x 1.5) 211 44] 464 485 506 527 548 t"4
Water Surcharge Rate per m] .080 .085 .095 .105 .115 .130 .145 0-<
Average New Connection Fee in JD 240 260 285 315 345 380 420 en... .....

N Average Monthly Sewer Bill ].0 ].] 3.7 4.0 4.6 5.1 en
I >W Operating Revenue- Z

Revenue frona Surcharges (at 95') 16 ]6 42 48 55 65 76 ]]8 tj
New Connection Fees 120 14] 14 16 17 19 21 ]50

Total Revenue 136 179 56 64 72 84 97 688 ~

Expenditures
l%:I
<:

Operating Expenses 11 22 25 29 32 31 ~2 199 l%:I
Power Costs 10 21 25 31 ]5 40 45 207· Z
Administrative Expenses (at 60' of O.E.) 1 13 15 17 19 22 26 119 c:::
Normal Improvements and Replace.ents - - - ] 4 6 8 21 l%:I

Total Expenditures 29 5~ 65 80 90 105-. 121 546 'tl
Operat~ng Gain (or Loss) 107 123 (9) (16) (18) (21) (24) 142 ~

0
Less: Net Debt Servicing Cost at 10'Interest - 62 62 62 62 62 62 ]72 0

Net Gain (Loss) 107 61 (71) (78) (80) (83) (86) (230) ~

>
Accumulated Cash Surplus 107 168 97 19 (61) (144) (230) (230) :i:
Interest Revenue at 6' Averaged) 2 9 9 5 1 - - 26

Net Cash Surplus 109 179 117 44 (35) (118) (204) (204)

,...



SCHEDULE 12. 15
GREATER AMMAN SEWERAGE IMPROVEMENTS

Financial Analysis - Independent Systems

198] 1984 1985 1986 1987 1988 1989 1990 Total-- -- -- (in 1,000 JD)-- -- -- -- -- Io%j
Fuheis and Hahis Systelll

I-t

ZCapital Improvelllents

>Annual Capital Costs' 698 766 1,464 ZCapitalized Interest During Const. 21 99
120 nTotal Capital Costs 719 865 1,584 I-t

ZLess: Amount Not Recoverable frOlll

0Revenues - 100'
1,584Net Recovered frOlll Operations -0-
-0- >

ZSystelll Usage and Financial AsSumptions

>Active Sewer Connections
~OO 850 880 910 940 970 1,000 t""Metered Water Use in 1,000.] (Load x 1.5) 98 209 216 224 231 2]9 246 10(l~ater Surcharge Rate per 1II] .080 .085 .095 .105 .115 .1l0 .145 en

I-t
Average New Connection Fee in JD 240 260 285 315 345 380 420 en.... Average Honthly Sewer Bill 1.7 1.9 2.2 2.4 2.7 3.0 >

N
I Operating Revenue

Z
(,AI

t1
N Revenue fra. Surcharqes (at 95\) 7 17 19 22 25 30 34 154New Connection Fees 96 117 9 10 11 12 13 268 ~Total Revenue 103 114 28 ]2 36 42 47 422 t:z::lExpenditures <:

t:z::lOperating Expenses 14- 19 21. 24- 28 3\ 33 I or Z."-Power Costs -14 27 32 ]9 44 50 57 263 dAdministrative Expenses (at 70\ of o. E.) 10 13 15 17: ~O 22 24 121 t:z::lNanaal Iliprove-ents and Replacements - - - 2 3 4· 5- 14 "0Total Expenditures 38 511 68. 82 95 107 121- 570 ~Operating Gain (or Loss) 65 75 (40) (SO) (59)- (65) (74) (148) 0
0Less: Net Debt Servicing Cost at 10\Interest - - - - - - - - ~--
>Net Gain (Loss) 65 75 (40). (SO) (59) (65) (74) . H48)
~AccUlllulated cash Surplus 65 140 10t,J ~ (9) (7~) (148) (148)Interest Revenue at 6\ Averaged) 1 ~ 7 ~ ~ -: - 21

Net cash Surplus 66- 147 114 • 69 12 (53) (127) (127)

o



SCIlEDULE 12. 16

GREATER AHfW.l SEWERAGE IMPROVEMENTS

Financial Analysis - Independent Systems

1983 1984 1985 1986 ~ !2.!!!! 1989 1990 ~
Na' ur System (in 1,000 JD)

capital Improve_nts ':I:j
Annual Capital Costs 351 386 737 2Capitalized Interest During Const. 11 SO 61
Total Capital Costs 362 436 798 >
Less: Amount Not Recoverable from .' Z

Revenues - 100' 798 ()
1-4

Net Recovered from Operations -0- __ ~.Q"O Z
System Usage and Financial AsSUmptions 0

Active Sewer Connections 190 400 420 440 460 480 500 >
Metered Water Use in 1,000 m3 ·(Load x 1.5) SO 105 110 116 121 126 HI Z
Water Surcharge Rate per m] .080 .085 .095 .105 .115 .lJO .145 >
Average New connection Fee in JD 240 260 285 315 345 380 420 t""
Average .Ionthly Sewer Bill 1.9 2.1 2.3 2.5 2.8 3.2 ~

m.... 9,cratinq Revenue 1-4

N m
I Revenue from Surcharges (at 95\) 4 9 10 12 13 IS 18 81 >W New Connection FeesW 46 55 6 6 7 8 8 136 Z

Total Revenue SO 64 16 18 20 23 26 217 0
Expenditures :::0

Operating Expenses 10 15· 17. 20 23 26 30. 141 t:z::l
Power Costs ' 7 15 18 22 25 28 32 147 <:
Administrative Expenses (at 70' of o. E.) 7· 10' 12' 14 16 18 21 98 trj

llomal Improvements and ReplaceEnts - - - 2 2 3 4 11 Z
dTotal Expenditures 24 40 47 58 66 75 ' 87 397 t:z::l

Operatinq Gain (or Loss) 26 24 (31) (40) (46) (52) (61) (l80) "tl
Less: Net Debt servicinq Cost;· at 10\ Interest - - - - - - - - :::0

0
Net Gain (Loss) 2~. 24. (31) (40). (46) (52) (fil) (l80) Q

Accumulated Cash Surplus 26 50 19 (21) (67) (119) (l80) (l80) ~

>
Interest Revenue at 6\ Averaged) 1 2 2 -. - - 5 ::

Net Cash Surplus 27' 53 24 (16) (62) (114) (175) (l75)

./
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Abbreviation

A

BOD or BODS
COD

CRF
CA

cu.m

DO

EBOD

EC

g

HGL

HP

kva

kw

kwh

km

kv

led or l/c/da

l/sec

MCM

MCM/yr

MCRT

HPN

m3/da or cu m/da

mg/l

MIl

HLSS

"n"
mm/m

m/m

m

mls

PF

PS

APPENDIX A

LIST OF ABBREVIATIONS OF TECHNICAL TERMS

Term

Area of eros-section of flow, in conduit

Biochemical Oxygen Demand, S-Day, 200 C

Chemical Oxygen Demand

Capital Recovery Factor.

Collection Alternative

cubic meters

Dissolved Oxygen

Effective BOD, (Temperature corrected)

Electrical Conductivity (Specific Conductance)

gram

Hydraulic Grade Line

Horsepower

kilovolt amperes

kilowatts

kilowatt-hours

kilometer

kilovolt

liters per capita per day

liters per second (discharge rate)

Million cubic meters

Million cubic meters per year

Mean Cell Residence Time (in aeration tanks)

Most probable number (coliform organisms)

cubic meters per day

milligrams per liter (equivalent to parts per million)

manhole

Mixed Liquor Suspended Solids

Hanning's roughness coefficient

Slope in millimeters per meter

Slope in meters per meter

meter

meters per second, flow velocity

Power Factor

Pump Station
A-I



Abbreviation

PVC

Q
R

RCP

RAS

SS

S

STP

TA

TDB

TDS

TP

v

VSS

WAS

WWTP

Term

Polyvinyl Chloride (pipe)

Rate of Discharge

Hydraulic radius (flow area divided by the wetted peri
meter)

Reinforced Concrete Pipe

Return Activated Sludge

Suspended Solids

Slope

Sewage Treatment Plant

Treatment Alternative

Total Dynamic Bead (for pumping units)

Total Dissolved Solids

Treatment Plant

velocity, of flow

Volatile Suspended Solids

Wastewater

Wastewater Treatment Plant

A-2
r-,
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APPENDIX A

LIST OF PROPER NAMES OF INSTITUTIONS, AGENCIES, AND FACILITIES

Acronym

AGTP

AURPG

AWSA

EPA

JEA

JEC

KJiMC

KRTP

MMRAE

MTA

MTI

NRC

NPC

NRA
RSS

U of J

UNRWA

USAID

WATP

WHO

WSC

Title

Ain Ghazal Treatment Plant

Amman Urban Region Planning Group

Amman Water and Sewerage Authority

Environmental Protection Agency (United States)

Jordan Electricity Corporation

Jordan Electricity Company, Ltd.

King Hussein Medical Center

Khirbet er Ruseifa Treatment Plant

Ministry of Municipal and Rural Affairs and the
Environment

Ministry of Tourism and Antiquities

Ministry of Trade and Industry

National Housing Corporation

National Planning Council

Natural Resources Authority

Royal Scientific Society

University of Jordan

United Nations Relief & Works Agency

United States Agency for International Developme"~

Upper Wadi Abdoun Treatment Plant

World Health Organization

Water Supply Corporation



APPENDIX B

SOCIa-ECONOMICS

METHODOLOGY USED FOR PROJECTION OF SATURATION POPULATION

Saturation populations for the cities of Amman, Wadi es Sir, Suwei1eh,
Madaba, Sahab and Na'ur were projected using the following method:

Step 1 Town plans of the cities listed above were measured to
determine the size of their individual segments of residential zoning.
Measurement was achieved througn use of a planimeter.

Step 2 Aerial photographs of those cities from 1978, 1979, were used
to estimate the proportion of each zoned area that is ~urrently undeveloped.
In many population sub-areas, several separate areas of a particular zoning
designation (such as zone A) were found; and as they had varying proportions
of undeveloped area, they were treated separately. Aerial photographs of
Madaba were taken in 1980, those of Amman were from 1978 and 1979, and those
of the other cities were from 1978. Visual reconnaissance via automobile
was used to supplement 1978 and 1979 photographs.

Step 3 Gross undeveloped residentially zoned area was converted to net,
by subtracting total surface area of streets within each zoned segment of
each population sub-area. Street area was estimated from town plans of the
cities of this analysis to be 15 percent of the total area of all residen
tial zones.

Step 4 Subtracted 10 percent from net residential undeveloped area,
based on the assumption that ten percent of net residential land available
for development would always remain undeveloped due to speculation, and
the interim state between demolition of old structures and reconstruction
of new structures.

Step 5 Subtracted 20 percent from the total area that will contain
structures based on the assumption that commercial and institutional
structures would form 20 percent of the total building floor space within
a residential zone. This assumption is based on current conditions and
future zoning which have only large areas of commercial uses in a few
commercial zones, and neighborhood community and strip commercial areas
scattered throughout residential zoning. Institutional uses within
residential zones include mosques, smaller schools and a large percentage
of the public buildings scattered throughout cities. Only a small
proportion of the total public buildings are currently in zones designated
for government uses- and current zoning allows for only a few new areas
with that designation.

Step 6 Projected the split between high-rise and low-rise structures
for each of the zoned areas of the various zoning types. High-rise
structures were assumed to occupy five percent of the total net area of
residential structures in the outlying cities of the study area (including
Suweileh, Wadi es Sir, Madaba, Sahab and Na ur); while the Municipality
of Amman and its Suburban Ring area were assigned fifteen percent of the
net area of their residential structures as high-rise.



Step 7 Separate zoned segments of the same zoning type within a single
population sub-area, were totalled for that sub-area (e.g., areas of all
segments zoned Residential A were added together to form a total of all
A zoning in t~at particular sub-area.)

Step 8 Zoning and building regulations from the 1979 Planning and
Building Code regarding lot coverage and building height were applied
to the area of each zon(~ to determine the maximum number of dwe 11ing units
that could be accommodated. Table B-I presents the derivation of the
maximum dwelling units allowable per dunum for each zoning type.

The approach used to determine total units allowable in the undeveloped
are3 of any zone was based on assumptions of average size of housing units
(single family and multi-family), average number of residential floors per
building and total floor space available for units per dunum of residential
land. Both high-rise and low-rise structures were considered, with high
rise structures assumed to average 5 floors of residential units, and low
rise structures were assumed to average 2 floors. Total floor area space
available for units per dunum was calculated by multiplying the maximum
building ratio by the average number of floors. In addition to the
"maximum building ratio" the code also specifies a minimum sbe plot for
each zone. For example the Green Zone B allows a minimum ~lot size of
2000 m2 while Zone A allows a minimum plot size of 1,000 m. Refer to
Table 3-2. Both regulations give the same number of units per dunum.
Because of the high cost of urban land, it was assumed that the maximum
area of plots will be covered for all future development. This may in
fact be conservative, as it implies full compliance with Building Code
regulations •. The floor area of residential buildings was reduced by 15
percent to allow for non-dwelling unit space in residential structures
(e.g., elevator shafts in high-rise buildings, stairwells, service rooms,
communal foyers, etc.), as assumed average living quarter space was to be
net space for each family. The lower-density zones such as Green Zone B,
Zone A and Zone B were assumed to be occupied by higher-income households
than those in Zones C and 0, as land in those outer areas of the city is
generally more costly. For areas farthest from Metopolitan Amman, where
the land would be less expensive, the pressure is not as great to maximize
the number of units as in the inner city areas. The assumed average
housing unit sizes, ranging from 150 in less dense areas to 75 in the
crowded inner cities, were based on NHC estimates and building permit data
from the Department of Statistics. High-rise structures were assigned
smaller unit sizes in all zones than their equivalent low-rise structures.
The total number of units projp.cted per dunum for each zone ranged from
0.41 in the mixed agricultu~al/Residp-ntial Zone to 11.79 in Zone 0 for
low-rise structure, and from 12.24 in Zone A to 29.47 in Zone 0 for high
rise structures. The mixed agricultural zone and Green Zone B were
assumed to have no high-rise structures.

Step 9 The projected number of units was then multiplied by the assumed
6.5 persons per family to project the total population increase per zoned
area.

B-2 \



Step 10 Individually zoned area projected population increases were
aggregated into groupings which coincided with the population sub-areas
identified in Chapter 3 (administrative units of the Municipality of .
Amman, and drainage areas based population sub-areas for the other cities.)
Table B-2 presents an example of a saturation population projection for a
par~icular po~olation sub-area carried through from identif.ication of the
amount of developable area to the calculation of total saturation
population for that area.
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TABLE B-1

MAXIHUM DWELLING UNITS PER DUNUH POR PLANNING ZONES

AssUIIled Floor Area of Less 15% Assumed Avg.
Residential Maximum Building Average Number Residential Buildings For Building Area . Unit Size~ Total Numb

Zone Ratio Z of Floors per dunum (m2) Outside Units (m2) Units per

Low-rise

Mixed Agriculture
n band Residential A 36 2 61 150 0.41

Green Zone B 42 1.5 630 536 125 4.29

A 36 2 ]20 612 150 4.08

B 42 2 840 114 125 5.71

C 48 2 960 816 100 8.16

D 52 2 1,040 884 75 11.79

High-rise

Mixed Agriculturec

and Residential A

Green Zone BC

A 36 5c 1,800 1,530 125 12.24

B 42 5c 2,100 1,785 125 14.28

C 48 5c 2,400 2,040 75 27.20

D 52 5c 2,600 2,210 75 29.47

a Based on estimates from NBC and Department of Statistics building permit records.

b Same building code specifications as regular Residential A Zone, but only 10 percent of the zoned area can be occupied by residential uses.

c This zone was assumed to contain no high-rise structures due to low-densidy regulations.

Source: Planning and Building Code, 1919.
B-4
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B-5

TABLE B-2

EXAMPLE OF DERIVATION OF SATURATION POPULATION FOR POPULATION SUB-AREAS

Municipality of Amman

Unit: 97 Katana High-rise @
Less Less 15% of Net

Estimated Gross Interior Net Less Permanently Total Area COlllllercial and Net Undeveloped Undeveloped
Total Area Percent b Undeveloped Streeu Undeveloped Undeveloped Land to Contain Institutional Residential Residential Lll\J-ri'JC

Zone (Dunums)a Undeveloped Area area@ iSlc __Area __ @10~ Structures Uses @ 20% Area Area ~ 85%

A 403 40 161.2 24.2 137.0 13.7 123.3 24.7 98.6 14.8 83.8

A 297 50 148 22.3 126.2 12.6 113.6 22.7 90.9 13.6 77 .J

C 233 30 69.9 10.5 59.4 5.9 53.5 10.7 42.8 6.4 lb.

Low-Rise Structures Total Floor
Total Total Floor Space in Average Size

f
Total Units Average Population Population

~ Area (dunusu) Space/Dunua Ca2)e Zone Cm2) Per Unit (m2) Per Zone Per Unit Increase

Total A 161.1 612 98.593 150 657 6.5 4.270

Total C 36.4 816 29.702 100 297 6.5 1,930

TOTAL LOW-RISE -- - - - - - 6.200

High-Rise Structures

Total A 28.4 1.530 43.452 125 348 6.5 2.262

Total C 6.4 2.040 13.056 75 :74 6.5 1.132

TOTAL HIGH-RISE -- -- - - .-- - 3.394

TOTAL UNIT 97 -- -- - - - - 9.594

a Planimetered from Town Plan

b Estimated from 1978 aecial photography suppl~nted by auto reconnaissance surve/

C Estimated from Town Plan

d Host commercial land use occupied land within residential zones. a. only a few are zoned for commercial uses. Institutional used within residential
zones are usually mosques. saaller .chool. Clarge schools are in governmental zones). and all public buildings not in governmental of civic center
zones (a large percentage of .uch buildinia are scattered throughout residentially zoned areas).

e Based on maximum plot coverage and an average of 5 floors per high-rise structure and 2 floors per low-rise structure for zones as specified in Planning
and Building Code. 1979 and derived in Table 8-1.

f Based on data for 1918 and 1979 from building pe~it reports to Department of Statistics, and NHC estimates
Source: Municipality of Amman Town Plan. 1980; National Geographic Center aerial photographs, 1918; National Housing Corporation; Department of Statistics
------- Statistical Yaar book. 1978; Planning and Building Code. 1979.



DISAGGREGATION OF POPULATION PROJECTIONS FOR THE ~~~N SUBURBAN RING AND
OTHER MAJOR CITIES FOR 1990 and 2000

Tables B-3 through B-8 present population projections for 1990 and 2000
for the population sub-areas of the Amman Suburban Ring area and the
Municipalities of Wadi es Sir, Madaba, Suweileh, Sahab and Na'ur.

Population of the population sub-areas in 1990 and 2000 were projected
using the tol1owing methodology:

Step 1 - total city populations, taken from the 1979 Census, were dis
aggregated into population sub-areas by estimation through interpretation
of 1978, 1979 or 1980 aerial photographs. 1979 populations of sub-areas
within the Amman Suburban Ring were taken directly from the 1979 Census
whenever possible, and remaining areas were estimated through inspection
of aerial photographs.

Step 2-1990 and 2000 total city populations were projected by applying
assumed annual percentage increases (as identified in Chapter 3 Popu1atlnn
Projection section.)

Step 3 - Saturation populations were projected for each. of the population
sub-areas (as presented in Chapter 3 Saturation Population section.)

Step 4 - The population increases for each sub-area required to reach
saturation were calculated by subtracting 1979 estimated populations from
projected saturation populations.

Step 5 - The ratios of saturation increase for each sub-area to the
saturation increase for the total city were calculated.

Step 6 - The ratios derived in Step 5 were applied pro rata to the
projected increase for the total city between 1979 and 1990 to project
ind1vidual increases for sub-areas from 1979 to 1990. The projected
increases for the total cities were calculated using annual rates of
increase which were based on assumptions of birth rate, death rate and
migration trends (as outlined in Chapter 3 Population Projections section.)

Step 7 - Total 1990 population was calculated for each sub-area by adding
1979 estimated population to the projected increase for 1979 to 1990.

Step 8 - Step 6 was repeated to project the year 2000 increases for each
sub-area.

Step 9 - Step 7 was repeated to derive total 2000 populations for each
sub-area.
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Table B-9 shows a breakdown of the gross undeveloped area and projected
saturation total number of housing units in each zone. The derivation
was based on the methodology outlined earlier and shown in Tables B-1
and B-2. Tables B-9 through B-IS show the same for the population
sub-areas of the Amman Suburban Ring, and the Municipalities of Wadi es
Sir, Madaba, Suweileh, Sahab and Na'ur.
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TABLE B-3

POPULATION PROJECTIONS FOR AMMAN SUBURBAN RING AREAa

Total % of Total
Population

1979b Saturation Saturation Saturation 1990 1990 2000 2000
Sub-area Population Aditionc Addition Additiond Total Additione Total

1 Harj Al Hamam 1,500 71,637 70,137 9 5,100 6,600 15,900 22,500
2 Al Hila1 200 23,716 23,516 3 1,500 1,700 5.100 6,800
] Al Muqablein 800 41,223 40,423 5 2,800 3,600 8,900 12,500
4 Queismeh - East of Wahdat 8,500 125,206 116,706 15 12,000 20,500 30,900 51,400
5 East Harka 100 121,670 121,570 16 7,600 7,700 26,500 34,200
6 Ain Ghaza1 Road 100 83,630 83,530 10 4,800 4,900 16,500 21.400
7 Katana - Tila Al Ali 1,500 115,016 113,516 15 8.000 9.S00 25.~00 35.300
8 South University 200 31,920 31,720 4 2.000 2.200 6.700 8.900

9 Rural Khilda 100 5,202 5,102 1 500 600 1,800 2.400
10 Khilda 200 8,286 8.086 I 600 800 1.800 2.600
11 Medical Center Area 100 24,540 24,440 3 1.500 1.60a 5.000 6.600

12 Umm es Summaq 1,500 127,209 125.709 16 8.400 9,900 27.500 37.40u

13 Jubeiha 1.600 19,105 11.505 2 1,900 3.500 4.400 7.900

Total 16,400 798.360 781.960 100 56.700 74.000 176,000 250.000

This table shows derivation of projected population totals. Actual numbers used in calculations are Sh07Ri they are not intended to imply
accuracy to more than two significant figures.

Estimated from 1979 Census.

Projected from estimates of undeveloped area per zone type. and assuming maximum building coverage per zone building code.

Based on annual growth rage of 4.2 percent for the period 1979 to 1990 - plus a pro rata apportionment of 25 percent of the Amman Municipality
excess above saturation, apportioned based on subarea percentage of the total saturation population increase.

Rased on an annual growth rate of 3.9 percent for the period 19~~. to 2000, plus a pro rata apportionment of 75 percent of the Amman Municipali
excess above saturation. apportioned based on subarea percenta8~ of the total saturation population increase.

Source: Department of Statistics, 1979 Census of Population, Planning and Building Code. 1979. National Geographic Center. aerial photographics
1978. AURPG, Land Use Plan Greater Amman Region.
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TABLE B-4

WADI ES SIR POPULATION PROJECTIONSa

Saturation
Addition % Total

Population % of 1979 1979 Saturation of Total 1990 1990 2000 f 2000 Saturation
Sub-area Tota1b EstimateC Additiond Addition Additione Total Addition Total Population

1 7 1.714 19.261 13 1.823 3,537 2,988 6,525 20.975
2 8 1.960 7,371 5 701 2,661 1.149 3.810 9.331
3 12 2,940 10,828 7 981 3,921 1.609 5.530 13.768
4 14 3,430 7,559 5 101 4.131 1,149 5,280 10.989
5 16 3.920 17 .242 12 1,682 3,602 2,758 6,360 21.162
6 10 2.449 25.918 18 2,524 4,973 4,137 9.110 28.367
7 13 3,184 4,659 3 140 3,324 690 4.014 7.843
8 3 735 2,457 2 280 1.015 460 1.475 3.192

9 1 245 4.959 3 140 385 690 1,075 5.204

10 1 245 10,582 7 981 1,226 1,609 2.&35 10.827
11 1 245 7,521 5 701 946 1.149 2.095 7.766
12 2 49C 8.182 6 841 1,331 1.379 2,710 8,672
13 8 1.960 6.071 4 561 2,521 919 3,440 8,031
14 ---1L 980 14,114 10 1,402 2.382 2.299 4.681 15.094

Total City 100 24,497 146,724 100 14.020 38.517 22.985 61.502 171.221

aThis table shows derivation of projected population totals. Actual numbers used in calculations are shown; they are not intended
to imply accuracy to more than two significant figures.

bBased on matching 1978 aerial photographs to current residentially zoned areas from current zoning maps, supplemented by site visits

cCa1culated by applying estimated percent of city population to 1979 census total city population.

dprojected from estimates of undeveloped area per zone type. and assuming maximum building coverage per zone building code.

eCalculated by applying 4.2 percent annual growth rate to the total city present population and the projected increase was apportione
among the subareas u~ing their respective percents of saturation addition.

f Same as fo~tnote e. using 3.9 percent annual growth rate applied to projected total city increase for 1991 to 2000.

Source: Department of Statistics, 1979 Census of Population, Planning and Building Code, 1979, National Geographic Center aerial
pbotographs, 1978, Wadi Es Sir Town Plan, 1980.
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iAtiLt. D-~

HADAHA POPULATION PROJECTIONSa

Saturation
Addition %

Population % of 1919 1919 saturatisn of Total 1990 1990 2000 f 2000
Sub-area Totalb EstimateC

Additione Total Addition TotalAddition Addition
1 21 5,981 1,805 8 979 6,966 1,338 8,304
2 25 1,127 19,533 19 2,325 9,452 3.179 12.631
3 29 8,268 5,486 5 612 8,880 837 9.717
4 6 1,111 11,485 12 1,468 3.179 2.008 5.187
5 10 2,851 21,638 21 2.570 5,421 3.513 8.934
6 8 2,280 16,268 16 1.958 4.238 2.677 £.915
7 1 285 18,857 19 2.325 2.610 3.179 5. 789

-- -- -- -- -
Total Cit¥ 100 28,509 101.012 100 12,237 40,746 16.730 57.476

For detailed footnotes see Table B-4.

~

Source: Departreent of Statistics, 1979 Census of Population, Planning and Building Code, 1979.
National Geographic Center aerial photographs, 1980, Kadaba Town Plan, 1980.
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TA8LE 8-6

SUWEILEH POPULATION PROJECTIONSa

Saturation
Addition % Total

Population % of 1919 1919 Saturation of Total 1990 1990 2000 2000 Saturation
EstimateC Additiond e Addition fSub-area Total Addition Addition Total Total Populatio

1 5 1.012 1.805 12 1.104 2.176 1.543 3.719 8.151
2 5 1.012 3.387 6 552 1.624 172 2.396 4.459
3 10 2.144 4.296 1 644 2.188 900 3.688 6.440
4 25 5.362 3.612 6 552 5.914 112 6.686 8,974

5 3 643 2.580 5 460 1,103 643 1,746 3,223
6 13 2,188 4,249 7 644 3,432 900 4.332 7,037
7 16 3.431 6.558 11 1.012 4.443 1.415 5:858 9,989
8 13 2.181 6.040 11 1.012 3,799 1,415 5,214 8,827

9 1 214 9,832 18 1,657 1,871 2,315 4,186 10,046

10 1 214 2,210 4 368 582 514 1,096 2.424

11 8 1.715 7.690 13 1,197 2,912 1.672 4,584 9,405

Total City 100 21.442 57.539 100 9,204 30.646 12,860 43,506 78,981

For detailed footnotes see Table 8-4.

Source:

./
-::le
~ F-«="

':.I

Department of Statistics. 1919 Ce~sus of Population, Planning and Building Code, 1979. National Geographic Center
aerial photographs. 1978, Suweileh Town Plan. 1980•
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TABLE B-7

SAHAB POPULATION PROJECTIONSa

Saturation
Addition % TotalPopulation % of 1979 1979 Saturatian of Total 1990 1990 2000

f 2000 SaturationSub-area Tota1b EstimateC
Additione Total Addition Total PopulationAddition Addition

1 52 6,192 546 1 51 6,243 70 6,313 6,734
2 7 834 2,106 6 307 1,141 419 l,56G 2.490
3 8 953 4,570 11 562 1,515 769 2.284 5.523
4 1 119 11,698 28 1,431 1,550 1.957 3.507 11,817
5 1 119 11,057 26 1,329 1,448 1.817 3.265 11.176
6 13 1.548 4,655 11 562 2,110 769 2.879 6,303
7 18 2,143 7.176 17 869 3,012 1,188 1.188 9,319-- -- -- -- -- -Total City 100 11,908 41,808 100 5.111 17.019 6.988 24.007 53.716

For detailed footnotes see Table 8-4.

Source: Department of Statistics, 1979 Census of Population, Planning and Building Code, 1979, National Geographic Center
aerial photographs. 1978. Sahab Town Plan. 1980.

---
"'!!lo
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TABLE B-8

NA'UR POPULATION PP.QJ£CTIONSa

Saturation

% of 1979 Addition % Total
Population lq79 Saturation

d
of Total 1990 1990 2000 2000 Saturation

b c e f
Sub-area Total Estimate Addition Addition Addition Total Addition Total Population

1 19 988 3.712 21 404 1.392 554 1.946 4.700

2 48 2.495 1.060 6 116 2.611 158 2.769 3.555

3 7 364 5,597 32 616 980 843 1.823 5.761

4 16 832 2,744 16 308 1.140 422 1.562 3.576

5 10 520 4,460 25 481 1.001 659 1.660 4.980

- -- -- -- -- --
Total City 100 5.199 17.573 100 1,925 7,124 2.636 9.760 22,772

or detailed footnotes see Table 8-4.

Source: Department of Statistics, 1979 Census of Population. Planning and Building Code, 1979, National Geographic Center
aerial photographs, 1978, Na'ur Town Plan, 1980.
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MUNICIPALITY OF AMMAN

SATURATLON AND DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Unit
Estimated 1979 Gross SaturationArea 1979 % Undeveloped

No. Zone (Dunums) Undeveloped Area Total Units

11-19 0 ° 0 0

21 C 44 100 44.0 299

D 1,839 5 91.9 805

22 D 343 ° 0 0

23 C 572 5 28.6

C 642 90 578.1 4,090

24 A 334 100 334.0 1,085

B 334 100 334.0 1,405

C 229 30 68.7

C 334 100 334.0 2,715

Green 13 1,434 95 1,362.7 3,5]6

C 237 60 142.2 957

26 A 484 95 459.8 1,493

B 484 95 459.8 1,935

C 484 95 459.8

C 607 25 151.8 4,123

31 D 116 0 0 0

32 C 365 0 0 0

33 C 224 40 89.6 604

34 C 365 15 54.7 368

35 0 0 0 0

41 D 1,368 0 0 0

42 D 1,111 10 111.1 975

43 C 256 35 89.6

C 418 90 376.2 3,141

D 56 25 133.0 1,166

44 C 1,026 90 923.4

C 627 35 219.5 7~707

51 D 1,495 0 ° 0

52 D 678 0 ° 0

53 C 964 35 337.4 2,275

56 C 403 30 120.9 815
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TABLE n-9

MUNICIPALITY OF AMMAN (Cont'd)
SATURATION DEVELOPMENT AREA AND HOUSING UNITS

Estlmated
Estimated 1979 Gross

Unit Area 1979 % Undeveloped Saturatic
No. Zone (Dunums) Undeveloped Area Total Un:

61 D 1,050 0 ° °
62 C 1,767 50 795.1 5,361

63 c 2,202 65 1,431.3 9,649

D 444 10 44.4 389

64 A 303 50 151.5 601

B 505 65 302tL 3 1,374

71 C 480 40 192.0 1,294

D 557 35 194.9 1,710

72 C 96 40 38.4 257

D 1,805 25 451.2 3,958

73 B 950 60 570.0 2,398

C 297 60 178.2 1,202

74 B 269 65 174.8 735

c 211 40 84.4 567

D 528 40 211.2 1,853

81 c 1,810 5 90.5 609

82 A 3,546 85 3,014.1 9,784

B 1,009 80 807.2

B 198 50 99.0

B 62 50 31.0 3,935

83 A 2,891 40 1,156.4 3,753

85 B 239 35 83.7 352

86 A 1,029 35 360.2 1,169

8 676 35 236.6

8 281 15 42.1 1,173

91 C 1,261 10 126.1 850

92 B 477 30 143.1 601

C 1,558 5 77.9 526

93 A 1,484 40 593.6 1,917

B 1,441 35 504.3

B 498 35 174.3 2,855



OF ANNAN (Can t ' d)
SATURATION DEVELOPMENT AREA AND HOUSING UNITS

Estimated

Estimated
1979 Gross

Unit Area Undeveloped Saturation
No. ~ (Dunums) UnJ ~~~ laped Area Total Units

94 B 1,494 40 597.6 2,515

95 A 1,134 50 567.0 1,840

b 583 40 233.2

B 318 50 159.0 1,650

96 A 403 40 161.2

A 297 50 148.5 1,005

C 233 30 69.9 471

Jta1 City 25,618.3 133,002

Jurce: National Geographic Center aerial photographs 1978, Planniu~ and
Building Code 1979, Municipality of Amman Town Plan, 1980.
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AMMAN SUBURBAN RING AREA

SATURATION DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Estimated 1979 Gross
Sub-area Area 1979 % Undeveloped Saturation
No. Zone (Dunums) Und eve loped Area Total Units

1 A 950 80 760.0 A 2,467

B 950 80 760.0 B 3,198

C 950 80 760.0 C 5,125

2 B 905 95 859.8 B 3,618

3 B 1,739 85 1,478.2 B 6,219

4 A 1,581 80 1,264.8 A 4,106

B 1,581 80 1,264.8 B 5,322

C 1,581 80 1,264.8 C 8,527

5 C 2,920 95 2,774.0 C 18,703

6 A 953 95 905.4 A 2,939

B 953 95 905.4 B 3,809

C 953 95 905.4 C 6,103

7 A 1,538 80 1,230.4 A 3,994

B 1,538 80 1,230.4 B 5,176

C 1,538 80 1,230.4 C 8,294

8 Green B 2,637 90 2,373.3 Green B 6,228

9 Agr. IRes. A 699 90 629.1 igr/ResA 1,570

10 Green B 756 80 604.8 Green B 1,587

11 Green B 1,925 95 1,828.8 Green B 4,799

12 A 1,703 80 1,362.4 A 4,422

B 1,703 80 1,362.4 'B 5,732

C 1,703 80 1,362.4 C 9,186

13 A 190 100 190.0 A 616

B 190 100 190.0 B. 798

C 190 100 190.0 B 1,279

Total City 27,687.0 123,817

Source: National Geographic Center Aerial photographs 1978, Planning and
Building Code, lS79, Land Use Plan Greater Amman 1980.
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WADI ES SIR

SATURATION DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Estimated 1979 Gross
.3ub-area Area 1979 % Undeveloped Saturation

No. Zone (Dunums) Und eveloped Area Total Units

1 C 171 80 136.8

C 112 65 72.8

C 183 80 146.4

C 43 80 34.4

C 166 30 49.8 C 2,463

D 186 35 65.1 iJ 500

2 C 147 80 117.6

C 139 50 69.5 C 1,044

0 63 20 12.6 D 90

3 C 160 70 112.0

C 120 10 12.0 C 702

D 154 70 107.8

D 126 15 18.9 D 974

4 C 166 30 49.8

C 142 10 14.2

C 161 90 144.9 C 1,163

5 A 42 100 42.0

A 199 25 49.8

A 246 15 36.9 A 354

B 282 30 84.6

.B 245 30 73.5

B 182 15 27.3

B 226 15 33.9 B 806

C 160 25 40.0

C 205 80 61.5

C 156 40 62.4

C 207 50 103.5 C 1,493



WADI ES SIR (Cont'd)

SATURATION DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Estimated 1979 Gross
Sub-area Area 1979 % Undeveloped Saturation

No. Zone (Dunums) Undeveloped Area Total Units

6 A 74 95 70.3

A 296 75 222.0 A 802

B 220 65 143.0

B 235 AS 152.8 B 1 y 087
C 227 70 158.9

C 168 60 100.8

C 192 60 115.2 C 2,098

7 A 148 25 37.0

A 113 40 45.2

A 15 30 4.5 A 238

B 92 30 27.6

B 160 40 64.0 B 328

C 142 20 28.4 C 183

8 A 230 60 138.0 A 378

9 B 195 85 165.8

B 60 70 42.0 B 763

10 A 218 90 196.2

A 94 95 89.3

A 67 100 67.0 A 964

B 201 90 180.9 B 664

11 B 183 95 173.9

B 26 100 26.0

B 128 90 115.2 B 1,157

12 A 191 95 181.5 A 499

B 230 90 207.0 B 760

13 A 254 60 152.4 A 418

B 73 30 21.9

B 140 40 56.0

B 84 70 58.8 B 516
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WADI ES SIR (Cont'd)

SATURATION DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Estimated 1979 Gross
Sub-area Area 1979 % Undeveloped Saturation

No. Zone (Dunums) Undeve loped Area Total Units

14 A 169 80 135.2

A 201 85 170.9 A 840

B 233 70 163.1

B 220 90 198.0 B 1,331

Total City 5,516.0 22,615

Source: National Geographic Center Aerial photographs 1978, Planning
and Building Code, 1979, Wadi Es Sir Town Plan 1980.
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MADAbA
SATURATION DEVELOPMENT AREA AND HOUS ING UNITS

Es timated
Estimated 1979 Gross

Unit Area 1979% Undeveloped Saturation
No. Zone (Dunums) Und eve loped Area Total Units

1 C 80 65 52.0

C 18 10 1.8 C 307

D 209 30 62.7

D 138 20 27.6

D 119 75 89.3 D 894

2 C 203 85 172.6

C 178 85 151. 3 C 1,806

D 156 60 93.6

D 125 50 62.5 D 1,199

3 D 209 25 52.3

D 135 15 20.3

D 127 15 19.1

D 120 15 18.0 D 844

4 C 115 80 92.0

C 164 90 147.6

C 104 80 83.2 C 1,767

5 C 278 80 222.4

C 227 75 170.3

C 222 80 177 .6 C 3,179

D 105 20 21.0 D 150

6 C 307 90 276.3

C 147 50 73.5

C 103 30 30.9 C 2,126

D 123 40 49.2 D 377

7 A 99 95 94.1 A 490

B 216 90 194.4

B 208 95 197.6

B 162 90 145.8

B 91 95 86.5

B 32 100 32.0 B 2,411

Total City 2,917.5 15,550

Source: National Geographic Center Aerial photographs 1980, Planning
and Building Code, 1979, Madaba Town Plan 1980. I
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SUWEILEH

SATURATION DEVELOPMENT AREA AND HOUSING UNITS

Estimated
Es timated
1979 Gross

Unit Area 1979 % Undeveloped Saturation
No. Zone (Dunums) Unci eve loped Area Total Units

1 A 182 70 127.4

A 138 75 103.5

A 175 75 131. 3 A 1,016

B 87 25 21.8 B 74

2 A 102 85 86.7

A SS 60 33.0 A 328

B 81 65 52.7 B 193

3 B 185 60 111.0

B 230 30 69.0 B 661

4 B 252 50 126.0 B 464

C 231 5 11.6

C 136 5 6.8 C 92

5 B 135 80 108.0 B 397

6 B 41 95 39.0

B 30 60 18.0

B 126 50 63.0 B 440

c 70 25 17.5 C 83

C 23 80 18.4 C 131

7 c 194 40 77 .6 C 433

D 64 50 32.0

0 40 5 2.0

0 74 55 40.7 D 576

8 A 112 90 100.8

A 136 75 102.0 A 557

B 102 10 10.2

B 86 25 21.5

B 58 95 55.1 B 320

C 14 40 5.6

C 50 10 5.0 C 52
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SUWEILEH (Cont'd)

SATURATION DEVELOPMENT AREA AND HOUSING UNITS

Estimated
Unit Estimated 1979 Gross

Area 1979 % Undeveloped Saturation
No. Zone (Dunums) Und eve loped Area Total Units

9 A 124 90 111.6 A 307

B 43 70 30.1

B 65 85 55.3 B 314

C 200 80 160.0 C 892

10 A 155 80 124.0 A 340

11 A 78 SO 39.0 A 107

B 101 80 80.8

B 250 SO 125.0

B 109 80 87.2 B 1,076

Total City 2,410.0 8,853

Source: National Geographic Center Aerial photographs 1978, Planning
and Building Code, 1979, Suwei1eh Town Plan' 1980.
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TABLE B-14

SAHAB

SATURATION DEVELOPMENT AREA AND HOUSING UNITS

Estimated
Estimated 1979 Gross

Unit Zone Area 1979 % Undeveloped Saturation
No. (Dunums) Und eve loped Area Total Units

1 A 22 30 6.6 A 16

C 90 15 13.5 C 68

2 A 236 50 118.0 A 324

3 A 122 70 85.4

A 241 60 144.6

A 38 70 26.6 A 703

4 A 160 60 96.0

A 286 80 228.8

A 18 60 10.8 A 921

B 83 80 66.4

B 233 75 174.8 B 879

5 A 274 90 246.6

A 63 80 50.4 A 815·

B 301 80 240.8 B 886

6 A 47 90 42.3 A 116

B 176 75 132.0

B 45 5 2.3 B 494

C 71 30 21.3 C 106

7 A 223 60 133.8

A 188 20 37.6

A 212 80 169.6 A 1,018

B 168 15 25.2 B 86

Total City 2,073.4 6,432

Source: National Geographic Center Aerial photographs 1978, Planning and
Building Code, 1979, Sahab Town Plan 1980.



TABLE B-15

NAIUR

SATURATION DEVELOPMENT AREA AND HOUSING UNITS
Estimated

Estimated 1979 Gross
Unit Zoned Area 1979 % Undeveloped Saturation
No. Area (dunums) Undeveloped Area Total Units

1 A 114 60 68.4 A 188

B 235 25 58.8

B 117 50 58.8 B 431

2 C 185 10 18.5

C 189 10 18.9 C 187

3 A 68 90 61.2 A 168

B 150 60 90.0

B 186 50 93.0

B 25 70 17 .5 B 737

4 A 31 85 26.4 A 66

B 196 50 98.0 B 360

5 A 230 80 184.0

A 41 95 39.0 A 609

B 134 35 46.9 B 172

Total City 1,179.1 2,918

....

Source: National Geographic Center Aerial photographs 1978, Planning and
Building Code, 1979, Na'ur Town Plan 1980.



INVITATION BY NATIONAL PLANNING COUNCIL
TO ENVIRONMENTAL SCOPING MEETING,

GlillATER AMMAN WASTEWATER DISPOSAL PROJECT

Invitations from NPC were personally delivered by the Joint Venture on
July 24 and 26, 1980, requesting the following ministries/agencies, to
send representatives to attend the scoping meeting set for 10 AM Wednesday
July 30, 1980:

1. u. S. AID
2. Ministry of Health
3. Ministry of Municipal, Rural Affairs and the Environment (MMRAE)
4. Ministry of Trade & Industry
5. Water Supply Corporation (WSC)
6. Natural Resources Authority (NRA)
7. Amman Water & Sewerage Authority (AWSA)
8. Royal Scientific Society (RSS)
9. Mayor of Jbaihah

10. Mayor of Su'wei leh
11. Mayor of Wadi es Sir

The invi tation material is at tached.



ENVIRONMENTAL SCOPING FOR
GREATER AMMAN WASTEWATER

MANAGEMENT PROJECT

INTRODUCTION

On May 17, 1980, the National Planning Council entered into an agreement
with the Joint Venture of Jawes M. Montgomery, Consulting Engineer, Inc., and
DMJM International, a Joint Venture, in association with Consulting Engineering
Center, for the preparation of preliminary study and master plan for wastewater
disposal for Greater Amman Area, including technical and economic feasibility
studies to meet the area's wastewater management needs for the planning period
up to the year 2000.

The area includes all the cities, municipalities and villages located
within a 30 km radius from the center of Amman. Please refer to the attached
figure. The Zarqa and Ruseifa sewerage system is being studied under a separate
contract. Madaba sewerage system will be evaluated under a separate study also.
Salt sewerage system has recently been constructed.

Based on the technical and financial recommendation of the study, final
design and contract drawings of the first phase of the Investment Program will
be prepared to provide for the needs of the area up to year 1990.

It is anticipated t~t the Master Plan will be completed by November 17,
1980.

SCOPE OF WORK

As a result of its analyses and addressing o[ key issues, the Master Plan
will:

1. Identify the areas within Amman and surrounding towns that can be tied
up economically to the existing plant at Ain Ghazal.

2. Identify the areas of Greater Amman that should be connected to new
treatment plant(s).

3. Suggest the percentage of the population to be connected to and served
by the sewerage system, in Phase I Investment Program and for the year 2000.

4. Recommend location of the new treatment plants and the areas to be served.

5. Recommend the timing of construction of each plant and its primary
sewerage network.

6. nevdop a least capital and operation cost solution of the Phase I
Investment Program after considering various sewerage management
alternatives within Greater Amman.

7. Recommend appropriate expansion and upgrading of the existing wastewater
treatment facilities at Ain Ghazal taking into consideration (a) the
adequacy of the ~xisting sewer trunk lines to carry additional quantities
of wastewater flo~ generated in Amman and vicinity and (b) various con
straints upon plant expansion.
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8.

9.

10.

11.

12.

Suggest alternative uses or disposal of treated wastewater and sludge,
including costs and benefits.

Suggest minimum quality to be attained for treated wastewater with
special reference to beneficial reuse and preserving ~nvironmenta1

aspects of affected areas.

Generally appraise the present situation with respect to waterborne
diseases and health aspects vis-a-vis sewerage works and wastewater
treatment facilities and recommend goals and objections for improvement
to be expected from project implementation, according to phases.

Assess environmental problems that may arise or be aggravated by ex
pansion of Ain Ghazal Treatment Plant or other plants with particular
reference to sludge processing and disposal.

Consider potential impacts of the project upon the water resources of
North Jordan and operations of the Jordan Valley Authority.

I

OBJECTIVES OF THE ENVIRONMENTAL SCOPING MEETING:

The objectives of the environmental scoping meeting are:

(1) To identify the forseeable significant effects of the project,
both beneficial and adverse, and to ensure environmental factors
and values are integrated fully and early into the decision
making process involved in the study.

(2) To focus on the issues that have adverse environmental impacts
and to provide reasonable alternatives which would avoid or
minimize these adverse impacts.

POTENTIAL ENVIRONMENTAL DMPACTS OF THE PROJECT:

It is anticipated that the project will have both short-term and 10ng
term impacts upon the physical environment as well as the human environment
of Greater Amman Area. These impacts will vary in degree and may be felt on
the regional level or be limited to a specific site. There may be both bene
ficial and adverse impacts.

Although the extent and significance of potential impacts cannot be
assessed prior to investigation, it is anticipated that the significant
long-term impacts may involve the fo~lowing:

1. Water Resources.

a. Surface water - quality and quantity in wadis, rivers, and
impoundments, including King Talal Reservoir and other resources
of North Jordan.

b. Groundwater - quality and quantity in both upper and lower
aquifers, as a result of diversion of wastewater from cesspools
to centralized treatment plants and surface disposal.
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Guneral recognition will be given to various plans for importation of surface
water to Greuter Ammon and to the interface between such importation develop
ments and the wastewater project, including the matters of effluent discharge
to wadis and diversions to potential local beneficial reuse areas.

2. Land Resources

a. Commitment of land to wastewater treatment and disposal
facilities. Also plant siting impacts (grading, aesthetics,
etc.)

b. Potential impacts of digested sludge utilization for beneficial
purposes and/or of sludge disposal.

c. Historic sites, including archaeological sites.

3. Human Resources

a. General effects upon personal hygiene practices from having
improved sewage disposal facilities.

b. General effects upon health and waterborne diseases attributable
to expanded and upgraded wastewater management facilities, par
ticularly for low-income and rural areas.

c. Growth inducement and urban development potentials due to
availability of sewer service.

d. Allocation of project costs and charges to affected populations
including the urban poor.

4. Conservation of Energy and Natural Resources

a. Effluent and sludge reuse.

b. Utilization of digester's methane gas for beneficial uses.

Items of particular concern to individual sites of treatment plant(s)
location, sludge disposal location(s) and sewer construction include:

o Construction impacts
o Odor and visual impacts

The impacts of the expansion/modification at Ain Ghazal Sewage Treatment Plant
on the neighboring area will be assessed. Other site-specific impacts will be
identified once the wastewater management alternatives are defined.

PARTICIPATION

The scoping meeting participants are urged to give their views and
comments on the potential impacts of the project and the means for mitigating
the adverse impacts.
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MINUTES OF ENVIRONMENTAL SCOPING MEETING
AT NATIONAL PLANNING COUNCIL, 30 JULY 1980,
GREATER AMMAN WASTEWATER DISPOSAL PROJECT

MEETING

The meeting was he'ld under the auspices of the Nati.onal Planning Council on

Wednesday, 30 July 1980. The meet;.ng had been announced by a four page h,q,nd

out which described the project scope of work, ohjectives of the environmental

scoping meeting, potential environmental impa~ts of the project, and partici

pation desired of meeting participants (see attached.) The announcement was

delivered to the representative of: U.S.A.I.D~ Ministry of Health; Ministry

of Municipal, Rural Affairs and the Environment; Ministry of Trade and Industry;

Water Supply Corporation; Natural Resources Authority; Amman Water and Sewerage

Authority; Royal Scientific Society; and the municipalities of Jubeihah, Suweiheh;

and Wadi es Sir.

The Attendance List is attached. No representatives were present from Water

Supply Corporation, AWSA, Royal Scientific Society, or the Municipality of

Suweileh.

Messrs. Yousef Batshon and Boulos Kifaya of NPC,acted as Co-Chairmen for the

meeting. Most of the meeting was conducted in English. Arabic was spoken

occasionally to aid in emphasis of certain points. Mr. Batshon opened the meeting,

explained its purpose, and noted that one of the requi:~ements for the project was

the assessment of its impacts upon the environment. He then introduced Mr. Lawrance,

the Project Manager.

Mr. Lawrance made an opening statement on beh~lf of JMM/DMJM, a Joint Venture in

association with Consulting Engineering Center, and he i.ntroduced the staff. He

summarized' the work done to date and reviewed the information presented in the

handout. Mr. Shamieh then gave a brief description, in Arabic, of the project and

the objectives of the scoping meeting and encouraged attendants to present their

views. The meeting was then turnpd back to Mr. Batshon in anticipation of group

discussion.
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DISCUSSION

Water Pollution

Mr. Kifaya stated that it would be necessary for the consultant to visit the

municipalities in the Study Area and inspect the local conditions, though it

would not be necessary for the Consultant to visit all of the small villages.

Mr. Dajani noted that AWSA is expanding its sewerage service area around Amman,

and this must be taken into account. He voiced his concern about water pollution,

calling for a distinction betwEen true pollution and less serious conditions. He

noted the existence of many past reports bearing upon water pollution and called

for their review, updating, and modification of findings, as appropriate. He

mentioned that as Jordan develops, it experiences certain 8.ssociated problems.

Mr. Batshon indicated that solving the pollution problem in one area (e.g., by

providing sewers and a treatment plant in lieu of individual on-site disposal)

may create a problem for some other area, notably a location downstream from the

first community.

In answer to Mr. Batshon's question about the considerations to be given to

sources of potential pollution outside the Greater Amman Area, Mr. Lawrance

replied that our study would give such situations due recognition but no detailed

analysis.

Mr. Batshon noted that our report should identify areas of surface and ground

water pollution and areas where further study is needed.

Mr. Khatib indicated that NRA had considerable data on water quality and quantity

sewage disposal operations, and water pollution conditions.

Mr. Nasser expressed deep concern about

Wadi es Sir due to the sloping terrain.

could reach and pollute the ground water
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Industrial Wastes

Mr. Dajani called attention to the existing industrial development in Amman

and in the Zarqa-Ruoeifa area, mentioning that the latter area does witness

water quality problems and that the industries responsible are being asked

to amend the conditions.

Mr. Kifaya stated that the Royal Scientific Society should be contacted

concerning updatirlg studies of industrial wastes for the Zarqa-Ruseifa area,

and Mr. Lawrance agreed to do so. Mr. Hani Shaqa'a was the suggested contact.

Mr. Batshon asked if the Consultant would consider industrial wastes in the

report, including ordinances, and Mr.. Lawrance replied affirmatively. Mr.

Batshon then pointed out the difficulties for some industries to pay for

pre-treatment or pollution control facilities, and he suggested that implementa

tion of controls might have to be phased, allowing for some relaxation of

standards for an interim period.

Mr. Lawrance then stated that the relative importance of industry to the total

pollution load will be established along with possible pre-treatment or separate

treatment and corresponding costs and benefits.

Mr. Dajani said a problem is being experienced with the industries e~tablished

generally over ~o years ago, because they were established without much control.

Newer industries, how~ver, are being required to provide their own treatment or

else connect to the municipal sewer system.

Mr. Kifaya noted the existence of an Industrial Committee of the Government which

was considering effluent limitations.

Water Quality Standards"

Mr. Dajani suggested ta~t effluent limitations might properly be related to

receiving water standards and the former might vary from location to location

depending upon the beneficial use to which the water was to be put. The

Ministry of Health is using WHO, APHA, and other standards as guides and is
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tempering these with scientific judgment.

Mr. Khatib s~id that because of the great need for water reuse in Jordan,

local effluent standards might have to be difT.erent from those in other

countries. By this he apparently meant the possibility of lower standards

than otherwise.

Water Re~ources

Mr. Kifaya asked if the Consultant would address the hydrol~gic cycle

conc~rning the importation of water, and Mr. Lawrance responded that the

Consultant would give adequate (reconnaissance level) but not detailed

consideration to this matter, inasmuch as detailed consideration would

require a special study. The intent of the study is to give adequate

consideration to the important interfaces between wastewater disposal and

water resources in their various aspects. He discussed these matters briefly

and generally.

Mr. Khatib noted the relative scarcity of water in Jordan and felt that

it was important that Jordan "use every drop of water it has" and Mr.

Dajani endorsed this principle.

Mr. Lawrance agreed with Mep-srs. Khatib and Dajani on the matter of

conservation and reuse of wastewater as an important element of the total

water resources.

Mr. Lawrance also pointed out that the JVA was counting upon the

unimpaired flow of wastewater treatment plant effluents within the

watershed of the Seil Zarqa as a future source of supply for its

catchments and irrigation works downstream. JVA's water resources

planning allows for a maximum depletion of produced water within the

Greater Amman Area of 60 MCM/yr (60 million cubic meters per year.)

Furthermore, .TVA discourages groundwater recharge with reclaimed

wastewater, preferring surface runoff. They do not believe that wadi
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storage would be an important factor with respect to irrigation demands
because the wastewater is generally uniform and similar to spring-fed

(base) flow, in this regard. Also, the flows in the wadis would not

suffer much consumptive loss, because the wadis do not contain much

water-loving vegetation.

In answer to Mr. Nasser's question on the need for studying water resources

outside the'-:eater Amman Area, Mr. Shamieh said our report would point out

this need, if warranted, and recommend that it be considered in a separate

study.

Mr. Nasser indicated that Wadi es Sir has been contemplating a water supply

reservoir project for its area.

I

It was also noted that importation to

and Azraq Well Field is contemplated.

the flow of wastewater.)

Reclamation and Reuse

Amman from both East Ghor Canal

(This will also tend to increa.e

In a discussion, Messrs. Dajani and Lawrance agreed that wastewa~er reclamation

and reuse should be important factors in the Master Plan, due to the acute

shortage of water in Jordan.

Mr. Khatib concurred with this concept, particularly if those methods were

directed towards nonpotable uses, e.g. irrigation. Costs of such progr~

would have to be balanced against their benefits. He·even suggested ground

water recharge, and Mr. Lawrance noted some of the constituents that would

have to be reduced prior to recharge (e.g. nitrate.) and that JVA was oppo.ed

to groundwater recharge but favored surface discharge of effluent.

Mr. Kifaya suggested the possibility of diverting reclaimed wastewater for

irrigation on the plateau rather than discharging it into the Seil Zarqa and,

eventually, King Ta1a1 Reservoir.

There appeared to be a general agreement among the particip£nts as to the

desirability of proper reclamation and reuse of wastewater.
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Location of Treatment Plants and Tributary Areas

Mr. Khatib felt that a major point to be considered regarding effects of

wastewater effluent upon water resources is the location of the tleatment

plants. For example, he thought it possible for the Ain Ghazal Treatment

Plant to be able to extend its catchment area downstream as far as Sukhneh.

Some areas, however, should remain outside of the AWSA network, such as

Wadi es Sir, Madaba, etc. He felt that it would have been advantageous

for the current wastewater disposal Master Plan to have been prepared prior

to the recent Zarqa-Ruseifa study, in this regard. He also cautioned that

treatment plants not be located in wadi areas.

Mr. Batshon thought that the locations of t~eatment plants could be major

issues, particularly in urban areas. This included the existing Ain Ghazal

Treatment Plant.

Sludge Utilization and Disposal

Mr. Johnson felt sludge disposal should be a major issue in the environmental

considerations.

Mr. Lawrance concurred with this assessment and noted the several possibilities

for dealing with treatment plant sludge, none of wh~ch is particularly easy.

In response to Mr. Kifaya's question about the utilization of methane gas from

sludge digesters, Mr. Lawrance responded that this was noL~lly an engineering

consideration, including the analysis of costs and benefits. Normally, primary

sedimentation plants of significant size produce more digester gas than is needed

to preheat the raw sludge prior to digestion, so the surplus gas can be used

for beneficial purposes (running pumps, generators or blowers). With secondary

treatment plants, especially activated sludge, there is usually a net requirement

for energy.

Growth Inducement Due to Sewer Availability

Mr. Shamieh raised the question of possible growth inducement resulting from

provision of public sewerage, and Mr. Nasser pointed out that the growth is
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going to proceed at a certain rate irrespective of sewer availability. The

tnstallation of sewers would not add more population to an area than would

occur without those improvements.

Hr. Klein reported that NPC and AURPG personnel thought that sewer availability

might affect the spatial distribution of population, mainly by placing more

people within a particular locality than otherwise. It would not attract

population to the region or an individual city more than would otherwise come

there. Land values, however, would probably increase as a result of sewer

availability.

Hr. Shamieh felt that in Jordan water and electricity are the essential

utilities to encourage buildings and land development, w~ile sewer availability

is a secondary factor.

Hr. Kifaya thought that growth induction might become a factor resulting

from sewer availability in later years but not for a while.

l1r. Nasser indicated that sewer availability would be important to the residents

of Wadi es Sir at least for health and aesthetics. Also there wa~ an economic

incentive, because septage pumpout costs may be as much as JDSO/month for a

typical homeowner in Wadi es Sir.

Major Environmental Issues

In summarizing the feelings of the meeting participants, Mr. Lawrance obtained

concurrence that the following were felt to be major environmental issues to

be addressed in the Phase I work by the Consultant:

o Water quality

o Water quantity

o Sludge disposal

o Treatment plant siting (including location)

o Effects upon land resources

There was gene~al concurrence that aquatic life or riparian life was not a major
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concern or issue to be addressed.

The matter of archaeological resources and historic resources was not

anticipated to be a major concern but judgment would have to be reserved,

depending upon the location of actual facilities being proposed.

Atts: (2)
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ENVIRONMENTAL SCOPING MEETING
GREATER AMMAN WASTEWATER DISPOSAL PROJECT

30 July, 1980

I
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National Planning Council
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Ministry of Health
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GREATER AMMAN WASTEWATER DISPOSAL MASTER PLAN

CONTRACT NO. 278-00234 - JORDAN

The attached Environmental Scoping Statement is in conformance
with the requirements of the United States Agency for International
Development, AID. "Pesticides and other Environmental Procedures,
Proposed Amendment of Regulation", 22 CFR Part 216 as appeared in
the Federal Register Vol. 44 No. 151 dated October 1, 1979.

The purpose of the Statement is to document the major environmental
concerns/issues relevant to the Master Plan as they were identified
in the scoping meeting.
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ENVIRONMENTAL SCOPING STATEMENT
GREATER AMMAN WASTEWATER DISPOSAL MASTER PLAN

In order to identify the significant environmental issues ancl integrate
them "fully and early" into the selection orocess of the Wa8L:ewater
disposal management alternatives for the Greater Amman Area, an environmental
scoping meeting was held on July 30, 1980 at the offices of the National
Planning Council. Participants were invited to the meeting and represented
a spectrum of governmental and public agencies. The list of participants
is attached.

A. POTENTIALLY SIGNIFICANT ISSUES

The potentially most significant environmental issues appeared to be related
directly to the physical environment, more so than the human or biological
environments. Concerns expressed involved:

o Conservation and enhancement of water quality for both
surface and ground water

o Conservation of natural resources, i.e, water, sludge,
and energy

o Conservation of land resources

o Financial impacts upon industries resulting from industrial waste
water pollution abatement

The major issues reflecting the above concerns were thought to be:

o Sewage treatment processes and related effluent quality and cost of
treatment: One goal or objective of this Master Plan is to improve
water quality both in surface streams and impoundments and in ground
water aquifers. Another objective of the Project is to suggest
minimum quality to be attained for treated wastewater with special
reference to cost and to preserving environmental aspects of
affected areas. In this respect, the impacts upon the Seil Zarqa,
King Talal Reservoir, and the Wadi es Sir area are of particular
interest. Control of water quality via an industrial wastes control
program is also considered an important element of the Project. Water
quality standards and the economical means of achieving them are also
important considerations from the standpoint of programs for
wastewater reclamation and reuse.

o Reuse of Reclaimed Water: It is a well recognized fact that North
Jordan, including Greater Amman Area, suffers from a shortage of
water and that even with implementation of projects for importation
of water to the Amman area there will continue to be a need for
conservation and reuse of water under proper standards and control.
Therefore the manner in which the wastewater treatment plants effluent
is to disposed of and/or reused may be of great significance to the
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water inventory available to municipalitios, industry, and agr.iculture.
It may also affect land productivity and availability. Effluent
disposal/reuse will certainly affect the surface water dcvelopman~s of
the Jordan Valley Authority to some extent. Consideration should be
given to optimum arrangements for balancing costs and benefits, but such
consideration must nece9sarily be limited to conceptual lGvels. Detailed
analyses, if warranted, will be recommended for separate study.

o Sludge Disposal: Sewage treatment plant sludges will be generated from
communities with tributary popUlations ranging from a few thousand to
hundreds of thousands and more. The processing, disposal, and possible
benoficial use of this by-product of sewage treatment in the Greater
Amman Area requires serious consideration. Ultimate disposal must be
to land and/or (by incineration) to air. The means of achieving economy
of disposal und beneficial use of digested sludge, while meeting environ
mental standards, requires in-depth study. This must be done also within
the context of reliable facilities to be operated and maintained by
Jordanian personnel. Soil conditioning and fertilizer potentials of the
sludge must be considered. Exclusion of toxic materials from the sludge
by appropriate controls and treatment must be accomplished for environmental
protection and enhancement of long-range land productivity.

o Treatment Plant Siting: Wadis are natural drainage channels and might
be logical candidates for treatment plant locations, including gravity
collection of wastewater. However, careful siting must be accomplished
to avoid flood hazards and to ensure uninterrupted performance. In
determining which areas should be tributary to various treatment plants,
logical arrangements will minimize pumping and maximum gravity inflow,
in order to limit the expenditure of energy. Sitin~ of r~eatment plants
must also consider the locations of effluent disposal facilities,
particularly if the flow is to be taken to areas other than down a
nearby wadi. Also the siting of plants must be re~listic from the
standpoint of neighboring populations, both current and future. Thus,
treatment plant siting requires careful study.

B. LESS SIGNIFICANT ISSUES

The following issues are not expected to be significant, as discussed below.
These issues along with other possible minor issues and impacts will be discussed
briefly in the environmental assessment of the Master Plan:

1. Growth Inducement: It is generally acknowledged that, in the past, the
determining factors for land development in the Greater Amman Area have
been the availability of water and electricity services. Availability
of sewerage system is a secondary factor as evidenced by the development
that has taken place and still goes on in unsewered areas within Greater
Amman.

Although construction of sewage facilities is not likely to attract more
population to a given urban area than would otherwise occur and therefore
is not a significant issue, it should be assessed since it affects land
values and also the spatial distribution of land use within an urhan area.
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2. Industrial Waste Discharges: The industrial waste discharges in the Gruater
Amman Area are mainly centered in the Zarqa-Ruseifa area and in the future
planned industrial city of Sahab. The major pollution problem is being
experienced with the industries already established, because there were no
regulations to control potentiol pollutants. Plans for industrial pollution
control for the city of Sahab are expected to be an integrated part of the
industrial overall plan and hence a pollution potential is not expected.
The environmental impact of the industrial Wi;lJte discharg~s for the Zarqa
Ruseifa has been covered as part of the Zarq~-Rwseifa Wastewater Master Plun
and therefore need not be covered again in tU.s Master Plan.

3. Air Quality and Odors: Provision of a system of sanitary sewers and treatment
works tends to consolidate air quality considerations into a single location
rather than in many smaller, disperse1 locations. With properly designed and
operated wastewater treatment plants, local odors should be minimal. In certain
plants ~hey may be nearly non-existent. By extending gewer systems and
increasing capacities of the Ain Ghazal Treatment Plant, the need for septage
handling and the existence of overflowing subsurface disposal systems should be
reduced, along with odors associated with these operations and conditions.

4. Archaeological and Historical: As with Jordan, the Greater Amman Area is rich
with history. Amman, Madaba, and 5ahab among others, provide examples of
sites of many antiquities and historical findings. Development however,
has been taking place right at these sites. 5ahab, although kn~wn for over
eight years to have antiquities that date back and span over 3000 years, is
the site of an inrlustrial city under construction.

Antiquities did not receive much concern from the participants·. The project
does not contemplate deep excavations in the most patt and hence the prospects
of encountering important historical sites in the course of construction of
sewers, treatment plants, and disposal/reclamation facilities appear to be
minimal. Even so, a meeting will be held with tho Ministry of Tourism and
Antiquities to confirm the above and coordinate with them for any potential
identified histo~ical sites.

5. Flora and Fauna: Although the Seil Amman was once a pleasant flowing stream
supporting fish life, gradual urbanization of Amman has virtually eliminated
the dry-weather flow save for wastewater effluents. Downstream of Ain Ghazal,
the flow in.the 5ei1 Ruseifa and Seil Zarqa i6 largely the effluent from the
Ain Ghazal Treatment Plant and untrgated or lightly treated wastewaters from
riparian industries and municipalities. As a con5·"~uences of low flow and poor
water quality, the suitability of the Seil Zarqa f,~ an aquatic habitat has been
seriously hampered. The discharges of tre~tment plant effluent from a new
plant (Jarash) outside the Greater Amman Area iat~ the Seil System and from
the Zarqa-Ruseifa area should have not overall adv~~p'IJ'~ I!ffects upon the Seil
Zarqa or King Talal Reservoir from the standpoin~ o' ~te8snt flora and fauna.
Most of the wadis which are potential candidates fo;; taceipt of treatment plant
Qffluent from new plants have ve~1 little dry-weath~c flow and, hence, littlo

• It is worth noting that the Ministry of Tourism and Antiquit!QP WRN not
rep~eftentad at the BCQplns meQtin21
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significant flora and fauna. Discharge of suitably treated plant effluent
into such watercourses WOllld be expected to produce riparian flora and fauna
where they are absent at the present and wil1 not interfere with any present
wildlife. Terrestrial flora and fauna of importance are not expected to be
affected adversely by construction of wastewater treatment and disposal
facilities, even in cases where land treatment may be recommended.

Endangered and/or Threatened Species: OnlY one Jordanian animal appears
on the U.S. Fish and Wildlife Service's list of Endangered and Threatened
Wildlife and Plants (1977 ,Edition), this being the Arabian Ostrich. Much
of Jordan's larger wildlife was exterminated by overhunting between 1930 and
1960, and there has also been an adverse impact upon wildlife from livestock
overgrazing in the semiarid zones.

6. Construction Impacts: Short and long-term construction impacts will result
from any recommended wastewater management alternative. The alternatives,'
however, may vary from one to another by the extent and location of the
construction, developed areas vs. undeveloped. Additional trunk sewers
discharging into the existing Ain Ghazal Treatment Plant, for example, would
create the most noise, dust, congestion and disruption of traffic. Sewering
certain developed areas may affect stability of building foundations.
Disruption of water distribution may occur in certain areas and for varying
periods of time. Similarly, construction of treatment plants and disposal
works may require local grading and alteration of drainage patterns. The
construction impacts must be clearly identified, mitigation measures recommended,
and mi:lgation cost allowances included in the project estimates.

C. IMPACT ANALYSIS TIMING

The environmental impact analysis will be an integral part of the selection
process of the wastewater disposal Master Plan. Environmental considerations
along with monetary cost will be used to rate the various wastewater management
alternatives and select the recommended action (project.)

The potentially significant issues identified in the scoping meeting will receive
due consid~ration in the preparation of the Master Plan. The completion date of
the Master Plan dtaft is October 17, 1980. The draft will be reviewed by NPC and
other government agencies with the municipalities in the Study Area which will
assure adequate review and participation of the governmental and public sectors.

D. I~WACT ANALYSIS METHOD AND STAFFING

In the process of selecting the recommended projoct, the onviromnentnl impllctfl
of the major issues will be assessed for tho potontial wnRtewnter manAgement
alternatives. The alternatives will hnve boon dORcribed cnrl1@r InaludLnB
tochnical dotailR of tho waatewntor CluwH generntod, wn"t~wnt~r tr~~t~~nt prQD~~~~~

planta aitinga, eCflutlllt qULl1l,ty, tlnd ~l~r.t\l~nt nnd fJll.lIc1l:1j:lllt~PI}f:IAl/rt,lPll:llll!-ltl,on,

;\Ii A IHII:W, ~htl tll<l.f:I~llll:\ l:lIlV I. 1'11111111:1111;11 1 l!nl\llll~lllnf:l will \}tl lIf:1t:1l1 1;1l FHlflIY~13 Ult3 IIIlIHIPt:l:l
n r. t IHl i.l 1~ el' IHI t Iv l:l f:I I 'I'll j:j 1111111 Y/:I 1/:1 \~ I I I 1:1 VII 111 fl ~ fI I; n fl v /:l r y IIIU '" IH jj lll~ !HIVjj J'fll
r-nmpnlwnl:/:I or ~hu 11111111111:/:1 /:I11II1I1I/:l1



o Quality - beneficial or adverse

o Magnitude - how significant or major the impact is

o Extent large or small area

o Duration - long or short-term

o Reversibility - reversible or irreversible

o Probability - general terms for the likelihood of impact

o Relationship to alternative - direct or indirect

The impacts will primarily be analyzed for the potentially significant issues
ci ted earlier.

An attempt may be made to quantilE the degree of significance of the impacts
to produce ratings which will be used for comparing the alternatives and selecting
the most viable. Unavoidable adverse impacts which are r,enerally common to all
the alternatives will be briefly described. Such impacts may be related to
construction, land use for the wastewater facilities., aesthetics, potential nuisances
related to the treatment plant locations and operatio~s, and capital and O&M costs.

Once the recommended project is identified, the environm6ntal impacts of the
project will be described to the extent necessary, and co~~ensurate with the
depth of analysis used in comparing the alternatives.

Measures that could mitigate the adverse impacts will be presented.

The environmental impact analysis will be prepared by John Pearson, a specialized
environmental analyst assisted by other disciplines pertaining to the different
aspects of the environment. For the human environment, Robert Klein, a socio
economist, and Dr. Aftim Aera, a public health specialist, will describe the existing
human environmental setting and will alsilt in projecting the impacts of the
alternatives. For the phlsieal environment, the engineering staff will have their
imputs in matters concerning water rC80urces quality and quantity, affluent dilchargls
and 8ludge dispo6al.

, ;; I
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(English translation of Permit from the Department of
Antiquities regarding the construction of wastewater
facilities at cer.tain locations.)

Oepartment of Antiquities

Amman, Jordan

Reference No. 5-1-2486

Date: November 12, 1980

*Messrs. James Montgomery Company:

After inspecting the sites at Na1ur, E1 Bassa, Iraq e1 Amir, Fuheis,

Mahis. Ain Ghaza1. Baqa'a and Rumeimin, we are pleased to inform you
•

that the Department of Antiquities does not have any objections to

the cons truc ting of these plan ts .** In case any an tiqui ties have been

uncovered during construction and excavation you are kind1} requested

to inform us. Thank you for your cooperation.

Regards.

(signed) General Manager for Antiquities

*Referring to JMM/DMJM, a Joint Venture

'II'"
Referring to treatment plants and pump stations
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APPENDIX I)}

INDUSTRIAL WASTEWATER COMPOSITION AND LOADINGS

For this ~taster Plan Report, the three basic considerations for indus~rial

wastewater composition are:

o Raw wastewaters from various processes prior to treatment.

o Effluents from on-site pretreatment facilities to be provided

by industries prior to discharge into municipally-operated

treatment works.

o Effluents from on-site treatment facilities which will discharge

directl~ to local watercourses without further treatment.

The first two items are considered in this Appendi~ the third item is con

sidered in Chapter 8, Master Plan for Wastewater and Sludge Disposal.

RAW INDUSTRIAL WASTEWATERS

The MPI-Jouzy Report l provides considerable detail on the pollutant loads

emanating from the several industries in the Zarqa-Ruseifa area, and the

data will not be repeated in this Master Plan Report. However, it is

appropriate to present general information herein on pollutant loads to be

expected as a result of various manufacturing processes. This should provide

some basic reference material for existing industries and those which may

develop in the Study Area in the future, the extent 03 which is not presently

known.

Table 01-1 presents a summary of unit waste loadings expected from the

potential industries expected to be (or already located) in tho Granter

Amman Aren. It should be notod that the list is not nece9Hnrily comprehonaivo.

bacLluso many of tho p()tantilll inc.lutltdc9 IwvCl y'1t to be l\Cfirrn~d. A1flo. thl3

liRt is conHrrned to lwr.nlllLly "WQt" I.lHhll~tri\,'!lh 'l'llhl~ /)1-1 mllY I'lflrV13 e"" A

~"Vf,H't f1" to whllt IIwy (HH~Ur I,t~ /:uIMIlHltl;l PI~t;;l-n'tH'tnll3n~ tl'l nIH prf.lVI~lll~l,

Pl' fJ rot t:r j;l ill·lIlj.llll " Illlllllll:i III j t:l fll 11'11 dIllUll II I II ~ II i I I I ~I \l f it 11m IIIJ II II i\ r\I r \J I rn IHl

rnllll\y~ill h'lllllll'li I:iIlIHil:f\llllill I: HHI rmlill I: I IlfF\'.I1l fl!:i :llln f,lf II llllllliPlililI WIHiH.\::
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TABLE Dl-l
a

ITh;TI WASTE LOADINGS EXPECTED FROM POTENTIAL INDUSTRIES. GREATER MIMAN AREA

_ _ :D
!'Di11'~ ~~e Load Production

c
Raw Wastewater Characteristicsd

~D basic parameters established. See MPI-Jouzy Report re Jordan Distilled Chemical Co.

BOD 1,740 - 2880 SS 160 - 600

BOD 180 - 4,000 SS 140 - 2000

A very wide range of possibilities depending upon specific process and product.
5

No details, this table.

0.05 - 0.26 kg BOD/kg product
4

BOD 102,500 (whole milk)
O.~5 - 3.0 kg BOD/kg product 4 BOD 1,890 (process wastes)

~I-Jouzy data provided on installation in Hussein Industrial City. Detergents themselves
may be high iP BOD and saponified soaps.5 Hard detergents may have ABS.

1
~ be comparable to metal finishing or other industries, depending upon nature of process

Nor normally a categorized industry Water consumption by United Tndustrv Corp. (Marqa)
was 235 m3/da in 1975. 3 Pollutant data by }WI-Jouzy
BOD 850 - 1832; SS 470 - 1028
BOD 1622 SS 77226

0.77
0.71

1.4 kg BOD/!lbl:
0.82 kg SS/bbl

4
0.30 - 0.60 kg BOD/case 4
0.023 - 0.045 kg SS/case

4
0.050 - 0.077 kg BOD/case

-r± PET

~~

-r1]II3'7T\

7r=mr:-:r

~~

=:; ,

~ __ 1::::::1,.......

~:JE"Ilfi-rI

-:;n;-m=rn=.~
~
~

.~~':u=il,

.::cr~~~

. :..:

SS 24,800 (spirit type distillery
slops)5

BOD 34,000~I-J~-ylrlata on Eagle Distilleries Co.,
indicate a growing pollutant load. 1984
~rDjection was 1.400 kg/da BOD. In 1979
~ alcohol plant produced 500 tonne,
~valent tn 1.31 tonne/da

Variable in processes. Normally, liquid wastewaters would primarily be from
electroplating. See metal finishi~b.

Tfi~..,J~

:::r:J±-' ! !!"'!$

=DDlJ V~es with the process and food. For washing dirt from root type vegetables r high SS are
produced. For dried packaging of fruit very little wastewater is produced. For slicing
apples, citrus. and peaches, the kg BODltonne of fruit are II, 8, and 22.5, respectively;
IDr SS, the respective numbers are 3.1, 3.0 and 4.6.

"



TARLE Dl-l (Cont'd)

h
.. dRaw Wastewater C aracter1st1cs

BOD 400 - 1,8605

_ _ D
...tnnmrrry

J 31mrlry

~

..51 £!Uo:hterhonse....

c
Yaste Load Production

Varies with laundry. (Commercial shown)

4
14.4 kg BOD/l,OOD kg LWK

6
5.8 kg BOD/l,ODO kg LWK
4.7 kg 55/1,000 kg LWK6

-62.5 kg Gr./l,OOO kg LWK·

BOD 2240

BOD 996

(mixed animals; both slaughter
and packing)5

(cattle; both slau~hterhouse

and packinghouse)

BOD 20 per bbl crude2 (However, BOD concen
trations may be much higher and independent
of feedstock but related to the various
processes in the refinery.)

BOD 1500-19005 (Penicillin BOD 8,000-13,000)
55 500-10005

(General values)

12.1 kg BOD/l,OOO kg LWK
8.7 kg 55/1,000 kg LWK
6.0 kg Gr./l,OOO kg Ll~'

BOD 635 (mixed animals; both slaughter and
packing) 5

BOD 448 (cattle; both slaughterhouse and
packinghouse) 5

E.g. electroplating. Highly variable wastes, depending upon process, recycling, etc. 7

Wastes may include acids, cyanides, zinc~ nickel, chromium, cadmium, etc., for which
EPA has established effluent guidelines.

Highly variable, depending upon process. 5

0.045 kg BOP" 14

0.0045 kg ~" 1/bb14

0.00014 kg sulfide/bbl4

0.00009 - 0.227 kg BOD/bb18

(depends upon particular process)

Varies, usually very high BOD, such as
from yeast fermentation. Low PH

Ern I liWr.pTJit]~l

~

~~~

~~

"5==7?1 Fim..shing

.!i=aI
E.adinghouse

-"

-
I

J"! i1 5Jiil;?'t£

~

See KPI-Jouzy

13.6 kg BOD/l,OOO birds5

7.0 kg 55/1,000 birds 5

4.3 kg 5ett.501./1,000 birds5.
0.6 kg Grease/l,OOO birds5

BOD 954 (older plants)4
BOD 424 (newer plants)4
BOD 560 plant effluent, example9

55 375 plant effluent, example9

COD 722 plant effluent, example9

;-
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:I:ndns1:::ryb

~ and.Paper

.5nc;p

£r.aQ (Rolling
~1,. arire Mill,
ani! ~la~ed)

"'ann:ry

~~1r:s

{l~DDU

TABLE Dl-l (Cont'd)

Waste Load Productionc

For loral paper and cardboard, see MPI
Jouzy. For Jordan, assume no pulping;
5 - 12.5 kg BOD/tonne product (coarse pappr~~

5 - 15 kg S~/'~-:':l;:: product (coarse paper)5
Note: Special industrial paper BOD is 10 times

Similar, generally to Detergent. See MPI-Jouzy

Pickle liquor contains sulfuric acid,
ferrous sulfate, and ferric sulfate?
Sometimes nitric or hydrochloric acid
used. 32

0.OBB3 kg BOD/kg leather processed 4

0.250 kg SS/kg leather processed4
0.350 kg TDS/kg leather processed4

0.300 kg BOD/kg cloth produced4
0.219 - 0.72 kg SS/kg cloth produced, or
0.029 - 0.44 kg SS/kg cloth produced,
for "greasy" wool and scoured wool,
respectively.lO

h .. dRaw Wastewater C aracter1st1cs

BOD 180 mg/l coarse paper, mean5
SS 240 mg/l coarse paper~ meanS

stronger, SS is 15 times. 5

data.

Very low pH and fairly high metals
content (Reference 32 discusses acid
recovery and neutralization procedures~)

BOD 11,200 (mean condition)4
SS 23,600 (mean condition)4

BOD 563 (overall for scouring, dyeing_
washing, and carbonizing.)ID
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TABLE Dl-l(Cont'd)

a~ ~T of ~le industries, such as already exist or else are contemplated for development in the
'br.ea:uer Amman Area.

~~ ~la~ion is not intended to be all-inclusive but rather to afford a ready reference for genera}
~tion of the magnitude of potential wastes generated as a function of industrial raw materials or
I5~;Shca ~roduct.

'~ ~tes 5-Day, 200 C Biochemical oxygen demand. SS denotes suspended solids.
~l ~tcs barrel (in the petroleum industry this corresponds to 42 U.S. gallons or 0.159 cubic meters.)
~ ·rlcnotes Live Weight Kill (of animals slaughtered.)
"TIl5 Be:not:es Total Dissolved Solids.

~ 'iila1:€r characteristics can vary. Normally, values shown are representative of "average" or "newer"
5:n.dnsrries, not the "older" (and "dirtier") industries. Values shown, unless otherwise noted, are in
~ligramsJliter (mg/l.)



water treatment system. In certain heavily industrialized localities
,I

in the United States and Europe it has been possible for groups of con-

tiguous similar industrins to provide themselves with common trelltmcnt

facilities. Normally, however, individual on-site pre-treatment is pro

vided. The objective of any pre-treatment is to reduce sufficiently the

pollutants and contaminants in the industrial wastewater so that they

are no longer dangerous or difficult to handle in the municipal wastewater

collection system, treat in the municipal treatment plant, or dispose of

as treated municipal effluent in the receiving waters.

Pre~reated industrial wastes can normally be counted upon to be diluted by

domestic wastewaters so that many of the troublesome constituents -- such as

trace metals -- emanating from industry need not be overly reduced by on-site

pre-treatment. Oftentimes it is permissible for an industrial wastewater to

contain as much as ten times the concentration of trace metal (e.g., chromium)

that oon~itutes an effluent limitation upon a municipal effluent discharge

which includes the industrial contribution.

Direct Discharge Industrial Effluent

In Jordan, there are reportedly effective governmental pollution controls on

new industries but shortcomings on controls for many existing industries (see

also di~cussion in Chapter 7.) In the United States, there was no nationwide

effective control over industrial water pollution until the passage of Public

Law 92-500, the 1972 Amendments to the Federal Water Pollution Control Act.

That landmark legislation specified, among other things, provision by industry

for all its direct discharges to the "navigable waters" (generally any surface

water):

o BPCTCA (Best Practicable Control Currently Available) - to be in

effect by July 1, 1977.

o BA'l'EA (Boat AvAilnbla Technology Economically Achievabl.e) - to

be in 6ffuct by July 1, 1983,

'rht3 furFl/:lolnl:\ h pHI3~I, nf.l~ to hol,1 t~ liP IHI An axmllpLI3 for .Jnl'fIRn napl3lHHtrUy,

hH~ rA~har All fill tnIHlP'i\I:l.nn nf. IH11Hdhll:l ~1:i\~I.nlJ of ~11~pIHlr~l'l l'aqllil'I:ll1\l'In~1'l ~n
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provido industry 11 (lut'iod of yUllt'1:l 111 which to comply f1. rlll.: , with [oldy

uc:hluvllble atlll1ullrc.lfJ thut LIfO of 1111 intermediute ll.!vul Lllld EJl!COIH.1, with muru

diffi.cult atllnuarda thl1t provide fairly h1gh offluent and L'ucuivlng Wll1:or

quality. As {1ll illustration of the staging of BPC'L'CII. and UII.TEII. roqulrll'rnonts

for certain industries, Table Dl-2 is presunted. The reduction EJ(lught betwlJel1

raw wastewater and Best II.vai1ablu Technology Ecol1omicLilly Achil.!Vilb~u if! quite

striking. Table D1-2'8 consideration is limited to high organic conturlt

industrial wastewaters, these often being among the most difficult to treat.

The consideration of discrete (point source) industrial wastewater discharges

is not specifically within the scope of work of this Master Plan Report.

Should it become necessary to provide such consideration, this could be a

suitable subject for later study.

Industrial Wastes Ordinances

The subsequent discussions are confined to considerations of industrial wastes

discharged into municipal wastewater systems. The key to control of industrial

wastewater pollutant discharges is enactment and vigorous enforcement of pro?er

industrial wastes ordinances. In this connection, two examples of successful

ordinances are discussed herein: (a) The City of Los Angeles, California,

"Rules and Regulations Governing Disposal of Industrial Wastes to the Sanitary

Sewer and Storm Drain Systems of the City of Los Angeles;" and (b) The Sanita

tion Districts of Los Angeles County, "An Ordinance Regulating Sewer Con

structio(1, Sewer Use and Industrial t-lastcwater Discharges."

Ci~!LLos Angeles The Rules and Regulaticns adopted by the Board of Public

Works on July 7, 1971, and subsequently amended (March 24, 1972, December 18,

1972, and June 25, 1975) 11 contain the following relevant information:

"II. Section 2. GENERAL STATEHENT
The Board of Public Works, through its Bureau of Sanitation,

is responsible for op~rating and maintaining the sanitary sewers,
storm drains and watercources. Sewage and storm water pumping
plants, and the sewage treatment and disposal facilities of the
City of Los Angeles Wastewaters discharged to these systems
eventually raach the surface or underground waters of the State
of Californif.l,

Regulation of these w~stes through physical inapoction of
Ahpol:lal fad litha and chemical testing is necessury tOI

A, rrotect the facilities from damage by delotorious wusl:OH.
p, Proteot the treAtment processes,
0, 11VPteo t the PIHlriHI.ng fllHI nlllint:on~mca ponwnno!.
fl, 11Vet:ll:lrVIl r.ilIHwtr:y in tIll;! IHmltMY tHJwpr UYl;jI:~lll1 f(lr

tFHlil:HfY WiltitPtl nlHl HPPFllprl~HlJ jlHhllHrLlI Wi\tlIPIi,
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'iABLt: I}:!.-2

ILLUSTRATION OF HIGH ORGANIC CO~~ENT INDUSTRIAL
WASTEWATER CHARACTERISTICS AND STAGED EFFLUE~7

LIMITATIONS FOR BPCTA AND BAT~~a

Concentrations are shown in milligrams per liter
Industry BOD5 COD S5-- -Textile Mills -/11/7 --/144/38 -/48/32
Leather Tanning and

Finishing 2fj50/120/42 7800/-/- 4200/150/45
Cane Sugar Refinings* 1200/11/1 2300/-j- 55/2/1
Milk Processing* ---/15/2

Apple Processing* 1200/130/24 150/130/20
Citrus Processing* 320/48/8 130/102/12
Potato Processing* 2010/125/15 1840/125/50
Meat Products 1300/18/5 1030/28/9
Catfish Processing* 340/100/61 700/-/- 400/250/61
Crab Processing* 740/133/25 1200/-/- 510/64/22
Shrimp Processing* 1600/470/50 3100/-/- 1500/185/130- Tuna Processing* 710/430/28 1900/-/- 550/164/28-

>I= Petroleum Refining h ..'O/12/3 300/84/16 200/8/3
Breweries (New) 1070/-/- 580/-/-
Kraft Paper* 315/50/31 365/85/42
Paperboard* 260/28/15 450/34/13

Oil & Grease

570/22/16

530/10/10

200/21/10
180/3/1
400/30/3
320/48/4

5/4/0.5

aAbstracted from consultant report to Jet Propulsion Laboratory. Asterisk (*) denotes sub-
category of larger (U.S.A.) Standard Industrial Category (SIC.) All SICrs and subcategories
have year-round operation with (he possible exception of fruits and vegetables canning.
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I~. Insuru tho safuty llnd welfar.e of t.he public.
F. Prtlvunt contLlm1.1wc1on, pollution LInd nl11.flLtnC~, und

protect tho ustablished beneficial L10UD of recuiving WllOtol:' LtS
roquirod by tho Californiu RogLonal Wator Qualiey Control Board,
Loa Angeltlu Rogion.

G. Conuet'Vo 11 ruclldmablo rCIc.lOl1rCO (Wl\to~ rccll\tnll,c1on.)

Sec don 3. CRITElUA FOR DISPOSAL OF INDUSTRIAl.. WASTgS
Accordingly, Co meet tho foregoing objectives, the Boord

of Public Works has adopted tho fol10wing criteria for disposal
of wastes:

A. Storm water may not be collected and discharged to the
sanitary sewer system.

B. Single pass cooling water may not be discharged to the
sanitary s~wl;!r system. The blowdown or bleedoff from cooling
towers or other evaporative coolers may be accepted in the
sanitary sewer system.

C. Material which will readily settle such as sand, glass,
metal filings, diatomaceous carth, etc., or floatable material
which is readily removable must be removed from the wastewater
prior to discharge to either the sanitary sewer system or the
storm drain system.

D. PetroJ.eum products or any other product which by reason
of its nature or quantity may cause a fire or explosion, or in
any way be injurious to persons must be removed from the waste
water prior to discharge to either the sanitary sewer system or
the storm drain syl,telll.

E. Wastewater constituents such as mercury, DDT, other
chlorinated hydrocarbons, or other substances that enter food
webs or biological systems in concentrations deleterious to
human or animal life must be removed from the wastewater prior
to discharge to eith€''' the sanitary sewer system, the storm
drain system or any waters under the jurisdiction of the City
of Los Angeles.

F. Limitations on wastewater constituents such as heavy
metals, toxic substances, suspended and dissolved solids, dis
persed grease and oil, phenols, or other deleterious substances
will be imposed to protect the structural integrity of the
systems, assure the safety of operating personnel, minimize
irregularities in the treatment processes; and insure compliance
with California Regional Water Quality Control Board receiving
water quality objectives.

G. Materials listed in C, 0, E and F above, which are removed
from the wastewater shall be legally disposed of. Satisfactory
proof of legal disposal will be required.

H. Commercial garbage, food market wastes, food plant wastes,
and certain other organic wastes may be dieposed of to the sani
tary sewer system after suitable grinding. The following fineness
of griRd grquirements for £Ill types of grinders shall be met at
till times:

At l~Al:lt 40% shall pass £l No. 8 sievo.
A~ l~Aat 65% ShAll pASS £l No. 3 sieve.
100% sh~ll puss A ~-inah sareen.

Ill e !)



I. Disposal of radioactive wastes shall be in accordance
with the State of California Administrative Code Title 17, Public
Health, Regulations of the Bureau of Radiological Health.

J. Hospi tal was tes which ';J:t: defined as "infec dous was tes"
by the Hospital Council of Southern California may be disposed of
to the sanitary sewer system subject to the following limitations
and requirements:

1. Pathologic specimens may not be disposed of to the
sanitary sewer system.

2. The material shall be ground by an approved grinder
system capable of meeting the fineness of grind requirements
of Section 3 (H) of these Rules and Regulations. Entry to the
grinding mechanism shall be restricted to a 6-inch by 9-inch
opening. The material shall be segregated from other solid
wastes and shall be contained in plastic bags or other suitable
disposable containers which shall not exceed five (5) gallons
capacity and shall be colored red for identification. Container
and contents shall be weighed and recorded prior to disposal.
These records shall be made available to the Board for inspection.

3. The materials must not violate any other requirements of
Section 64.30 of the Los Angeles Municipal Code or of these Rules
and Regulations.

K. Disposable hypodermic needles, syringes, and associated
articles following their use in hospitals, out-patient clinics,
medical and dental offices, etc., may be ground and discharged
co the sanitary sewer system subject to the following limitations
and requirements:

1. The material shall be ground by an approved grinder not
exceeding five (5) horsepower and shall meet the fineness of
grind requirements of Section 3(H) of these Rules and Regulations.

2. The materials must not violate any other requirements of
Section 64.30 of the Los Angeles Municipal Code or of these Rules
and Regulations.

L. Individual requirements on wastewater characteristics
shall be established for each discharge after an evaluation of
the proposed discharge. All discharges shall meet the follow
ing general requirements:"

More detailed information pertaining to this ordinance may be found in

Appendix D2.

Sanitation Districts of Los Angeles County This agency, also known as the

Los Angeles County Sanitation Districts (LACSD), enacted "An Ordinance

Regulating Sewer Construction, Sewer Use and Industrial Wastewater Discharges,"

on April 1, 1972 and subsequently amended the ordinance on July 1, 1975. 12

The LACSD does not operate both a sanitary sewer system and a storm drain

system, as the City of Los Angeles does, but the LACSD's sanitary sewer

network is even more extensive than that of Los Angeles and the area served

is even more industrialized. There are great similarities between the Los

Angeles and the LACSD ordinances in that both incorporate the permit sustem,

standards, surcharges, specifications for flow measurement at.d sampling, and

prohib i tions.
01-10



For e:<arnple, the LACSD section on "permit for industrial W.:1stewater
3

discharge" reads:

"Except as provided in Section 215 no person shall discharge
or cause to be discharged any industrial wastewaters
directly or indirectly to sewerage facilities owned by the
Districts without first obtaining a Districts' Permit for
Industrial Wastewater Discharge. A separate Permit for
Industrial Wastewater Discharge shall be required for each
industrial wastewater connection to a public sewer discharging
directly or indirectly to the Districts' sewerage system.

The Permit for Industrial Wastewater Discharge may require
pretreatment of industrial wastewaters before discharge,
restriction of peak flow discharges, discharge of certain
wastewaters only to specified sewers of the Districts, re
location of point of discharge, prohibition of discharge of
certain wastewater components, restriction of discharge to
certain hours of the day, payment of additional charges to
defray increased costs of the Districts created by the waste
water discharge and such other conditions as may be required
to effectuate the purpose of this Ordinance.

No Districts Permit for Industrial Wastewater Discharge
is transferable without the prior written consent of the
Chief Engineer.

No person shall discharge industrial wastewaters in excess
of the quantity or quality information stated in the Perniit"
for Industrial Wastewater Discharge. Any person desiring to
modify his industrial plant, process, or wastewater treatment
facilities in a manner which would increase or decrease the
flow rate or alter the quality of the wastewater discharge
described in his Industrial Wastewater Discharge Permit shall
apply for an amended permit."

Similarly, the LACSD introduction to the ordinance section on "prohibition"

reads:

"No person shall discharge or cause to be discharged to any
public sewer which directly or indirectly connerts to the
Districts' sewerage systems any wastes which may have an
adverse or harmful effect on sewers, maintenance personnel,
wastewater treatment plant personnel or equipmen~ treatment
pant effluent quality, public or private property, or which
may otherwise endanger the public, the local environment or
cr~e a public nuisance, included within the prohibition
above set forth, is the discharge of any wastes which may
adversely affect water reclamation procedures.

The Chief Engineer, in petermining the acceptability of
spocifi~Wo$tes, shall consider the nature of the waste and
the adequacy and nature of the collection, treatment and
disposal system available to accept the waste."

Dl-ll

J
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RULES AND REGULATIONS GOVERN.ING DISPOSAL
OF INDUSTRIAL WASTES TO THE SANITARY
SEWER AND STORM DRAIN SYSTEMS OF THE

CITY OF LOS ANGELES, CALIFORNIA

Industry
Permit
Req'd

C1assif.
No.

Mean Value, mg/f
SS BOD

Surcharge
Factor

Air Condo & Refrig.
Eqpt. & Service

Aircraft Mfg. Serv.& Maint.
Sm. Animal Hosp. & Kennels
Apartments
Asphalt & Asphalt Prod.Mfg.
Auto Mfg., Serv., Haint.
Auto Laundry
Bakeries
Banks
Barber Shops
Bars
Batteries, Mfg.,& Servicing
Beauty Salons
Beverage Mfg.
Blueprint Equip.Supplies
Boiler Mfg. & Servicing
Bonding Mtls.
Breweries
Bus Mfg.,Repair & Service

Buildings:
Private
Public

Candy Mfg. & Confectioners
Carpet & Rug Clng & Dyeing
Caterers
Ceramic & Clay. Prod. Mfg.
Chemical Mfg., & Pkg.
Churches
Cleaners & nyers
Compo Gases-Mfg.,Hand1ing
Concrete Prod. Mfg.
Cooling Water(Single Pass)
Cooperage
Convalescent Hor.'::-.s
Cosmetic Mfg.
Dairies, Dairy Barns,Stables
Dairy Products Mfg.
Distilleries
Etchers & Engravers
Film Processing:

Studio
Laboratory

Yes 1

Yes 2

Yes
P.LP.
Yes
Yes
Yes
Yes

P.LP.
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

P. J.P.
P.LP.

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes

P.I.P.
Yes
'l~s

Yes
Yes
Yes

Yes
Yes

1
5
2

5
3 & 5

3
3

5

4
2
3
5
5
5

3
3
3
5
5

2
5
5
1
4

1
4
4
4
4

1
4

02-1

331

487
1164
283

2538

130

1134

1164

2538
617
429
487
599

487

443
323
323

394

1383

117
1262
252

3021

541

1310

1262

3021
153

1122
117
298

117

1534
1510
1510

867

0.00
0.07390
0.00
0.00
0.01082
0.10456
0.00285
0.27440
0.00
0.00
0.00
0.00
0.00
0.01893
0.00
0.00
0.10612
Special
0.10456

0.00
0.00
0.27440
0.01676
0.06248
0.01082
0.02008
0.00
0.00
0.00
0.01082
0.00
Special
0.00
0.08820
0.08126
0.08126
Special
0.04536

0.00
Special



*Permit Classif. Mean Value, mg/1 Surcharge
Industry Req'd No. SS BOD Factor

Filter Cleaning Yes 3 1164 1262 0.10456
Food Processing:

Citrus Yes 5 2327 3716 0.30707
Egg Yes 2 1453 2213 0.17566
Fish Yes 5 1453 2213 0.17566
Fr'uit Yes 5 1453 2213 0.17566
Meat Yes 5 740 1155 0.07869
Olives Yes 5 1453 2213 0.17566
Pickles Yes 5 1453 2213 0.17566
r'ou1t I Yes 5 740 1155 0.07869
Tortilla &Tamale Mfg. Yes 5 1453 2213 0.17566
Vegetable Yes 5 1453 2213 0.17566

Foundries Yes 2 487 117 0.01082
Grinding (Minerals) Yes .. 757 318 0.02851~

Grinding &Disposal (Market
waste, Food Plant waste,
Hospital waste) Yes 5 Special

Heliport Yes 2 0.00
Hospitals P.I.P. 0.00
Hotels P. I. P. 0.00
Insecticide Mfg. Yes 5 599 298 0.02008
Jewelry-Repair & Cleaning Yes 3 0.00
Laboratories:

Analytical Yes 2 114 300 0.00426
Biological Yes 2 0.00
Dental Yes 2 373 74 0.00562
Medical Yes 2 151 339 0.00664
Phllrmaceutica1 Yes 2 101 252 0.00134
Soil & Foundation Yes 2 1889 130 0.07484
X-Ray Yes 2 0.00

Latex & Rubber Products Yes 3 312 80 0.00283
Laundries - Self Service Yes 13 & 33 0.00
Laundries - Linen & General Yes 3 368 550 0.02487
Laundries - Towel & Uniform Yes 5 660 576 0.03979
Liquid Waste Disposal Yes 5 0.00
Lumber Treating Yes 5 0.00
Markets (Fish,Meat,Food,etc.):

Retail Yes 2 0.00
Wholesale Yes 2 0.00

Metal Fabrication (Weld) Yes 1 0.00
Metal Finishing & Plating Yes 5 0.00
Metal Treating Yes 5 0.00
Mirror Mfg. & Glass Treatment Yes 757 318 0.02851
Mortuaries P.I.P. 0.00
Motels P.I.P. 0.00
Medical-Dental Offices· P.I.P. 0.00
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*Permit C1assif. Mean Value, mg/1 Surcharge
Industry Req'd No. SS BOD Factor

Nurseries Yes 1 0.00
Oil Producers Yes 5 0.00
Oil Refineries Yes 5 Special

Oils:
Mfg. &Packaging Yes 5 0.00
Fuel &Heating Yes 5 0.00
Lubricating Yes 5 0.00
Mineral Yes 5 0.00
Olive Yes 5 1453 2213 0.17566
Reclaimed Yes 5 0.00
Re-Refined Yes 5 0.00
Vegetable Yes 5 1453 2213 0.17566

Paper Mfg. Yes 5 493 676 0.03825
Paint Mfg. Yes 5 113'. 1310 0.10612
Paint Removers,Mfg.,Serv. Yes 3 1134 1310 0.10612
Paint Spray Booths Yes 3 1134 1310 0.10612
Paper Produ~ts Mfg. Yes 5 493 676 0.03825
Pharmaceutical Prod. Mfg. Yes 5 Special
Phonograph Record Mfg. Yes 5 0.00
Photo Engraving &Etching Yes 5 394 867 0.04536
Pipe Cutting &Threading Yes 5 0.00
Plastics Yes 3 0.00
Printing:

Glass-Metal-Plastic Yes 2 1134 1310 0.10612
Silkscreen Yes 2 1134 1310 0.10612
Textile Yes 2 1134 1310 0.10612
Type-setting Yes 2 0.00

Railroad Equip,Repair &Mfg. Yes 5 1164 1262 0.10456
Restaurants Yes 1 429 1122 0.06248
Rendering Plants Yes 5 Special
Sanitariums P.I.P'!'* 0.00
Schools P.I.P. 0.00
Service Stations Yes 1 1176 1952 0.14712
Shipbuilding &Repair Yes 5 1164 1262 0.10456
Ship Cleaning &Washing Yes 5 1164 1262 0.10456
Steam Cleaning:

Auto Yes 3 1164 1262 0.10456
Commercial Yes 3 1164 1262 0.10456
Industrial Yes 3 1164 1262 0.10456

Swimming Pools - Public Yes 1 0.00 .
Tank Car Cleaning Yes 5 1164 1262 0.10456
Tanning Yes 5 Special
Textiles Yes 3 119 717 0.02965
Theaters P.I.P. 0.00
Tire Mfg. & Servicing Yes 5 312 80 0.00283
Truck &Trailer Mfg. Yes 5 1164 1262 0.10456
Truck Repair & Service- Yes 5 1164 1262 0.10456
Truck Washing & Steam C1ng Yes 5 1164 1262 0.10456
Wax Mfg Yes 3 272 122 0.00100
Water Trellting & Serv.Eqp. Yes 5 0.00
Wineries Yes 5 Special
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NOTES:
1. An Industrial Waste Permit is required for any discharge to other than the

sanitary sewer system. An Industrial Waste Permit is not required for dis
charge to the sanitary sewer system:
a. When the discharge is less than 100 gpd and pretreatment is not required.
b. From restaurants with seating capacity less than 150.
c. For cooling towers, evaporative condensers or other recirculating water

from heat exchange devices with rated capacity of 5 tons or less.
2. An Industrial Waste Permit is required for small animal hospitals and kennels

where storm water diversion devices are necessary.
3. Self service laundries with washing machines of 50 pound capacity and over

willbe placed in Classification No.3.
* Only those mean values are shown where either or both suspended solids or BOD

exceeded 250 mg/l and 230 mg/l respectively.
** Permit according to Individual Process.

D2-4



APPENDIX 03

Appendix 03 includes the listing of some typical industries in the

Greater Amman Area. The listing was taken from information compiled

by the Amman Chamber of Industry. Asterisks shown denote industries

covered by the survey. Of all the industries visited, two large

water consumers/wastewater producers were identified. Information

relevant to these two industries is included herein also.

,~,



· Fi-~.e No.

123

140

1896

358

76

481

831

356

429

579

311

335

376

379

1720

2678

1509

101

62

2303

465

214

2529

1087

786

560

56

358

1375

78

835

APPENDIX 03

LIST OF INDUSTRIES IN THE
STUDY AREA BY LOCATIONa

MARQA AREA

The Jordan Feed Co., Ltd.

Arab Feed Manufacturing Co., Ltd.

Fodder Mill

Agricultural Processing Co.

Preserved Food Factory

The Jordan Food Factory

Awto Packing Co.

The Palestinian Factory for Ice Cream Biscuits

Zahi Factory for Biscuits

Elias Banayet Hoshe & Son (biscuits)

Select Factory for Manuf. 'Confectioneries

The Jordan Venus Factories

Rex Confectionery Factory &Chocolate

Jordanian Factory for Chocolates/Conf.

M. Moafak Azizeh Con.

Wozan Chocolate

Aerated Water Co., Ltd.

Jordanian Sesame Press

Nugu1 Bros. Co.,(hygienic prod.)

Wasif Shacout Co.

Kotob Printing Press and Carton Boxes

Modern Copy Books Factory

Woollen Industries Co., Ltd.

Haika1 & Partners Trico Co.

Nile Trico & Suline Co.

Aladdin Trico Factory

Oamir Industrial Eng.

omegaz Industry (cooking stove burners)

Agricultural Processing Co.

Canning Industries Co.

Jordan Nails & Bar Bed Wires Manu. Co.

Modern Nail Factory

No. of
Workers

30

30

10

sl'
10

15

10

14

20

20

11

20

25

45

30
*300

10
*164

15

10

12

46*

12

18

10

150

20

56*

*57

30

10



File No.

2712

1571

1928

2091

233

44

274

966

1710

613

1294

261

143

2293

004

2059

2178

279

1782

MARQA (Cont'd)

Nails &MeLals Industries

Oris Industrial Co.

Chemical Detergents Industries Co., Ltd.

Jordan Carton Co.

Jordan Match Co.

The Jordanian Co., for Mfg. Cosmetics (J.C.M.C.)

Adnan Shalan & Co. (varnish, liquid, glue, shampoo)

United Industries Co. (wet batteries)

Jordan Electro Chemical Co. (dry batteries)

Electric Industries Co. (fluorescents & trans
formers,)

The Ideal Printing Press Co., Ltd.

Middle East Printing Press

Talib Printing Press Co.

The Jordan Feed Co., Ltd., (fodder & poultry)

Sami Hababeh Furniture Co.

Sandoca Factory for Mfg. (furniture &hangers)

Al-Jami1 Factory & Exhibition (wooden furniture)

Ghazi Basha Shoes & Handbags Workshop

Jordan Glasses Industry (housewares)

Rabah Abdeen Co., (brushes & sweepers)

Arab Foam Industries Co.

National Foam Factory

Modern Plastic Yarn Factory

Plastic Al Wafa'a Est.

Al Nasr Factory for Mfg. Plastic Elect. Tubes

United Jordan Electrical Tube Mfg. Co.

Arab Plastic Co., Ltd. P.V.C. Pipe

Orient Plastic Co.

Technical Plastic Co. P.V.C.

General Plastic Industry

D3-2

Np. of
Workers

13

18
80 ..

25
55 ..

12

40 ..
253

18

15

48

13

11..
30

25

15

22

25

60..
15 ..
45

50

20

10

10..
18

24

15

20

15



File No.

2546

2612

88

312

350

788

1870

MARQA (Cont' d)

Gha~~ Basha Shoes & Handbag Workshop

Samender & Co., Industrial Trading Co.

Jordan Bata Co., Ltd.

The Eagle Rubber Mfg., Co., Ltd.

Union Plastic Co.

Al Ahram Industrial Shoes Co.

The Jordan Gases Co.

The Jordan Provimi Feed Co.

No. of
Workers

25

20

151

150

20
40*

J.9
8~



File No.

MARJ EL HAMAM No. of
Workers

1921 Confectionery & Chewing Gum Factory 43

1578 Abdul Hakeem Shassawi & Sons Co. (biscuits) 18
-Hasan Ashou & Sons Co. Ind. 30

2003 National Radiator Factory 16

147 Jordan Aluminum Manufacturing Co. 45

1100 Prefabricated Structures Mfg. Co. 61

1385 Jordan Metal Works Co., Ltd. 65

1165 Prefabricated Building Co. 40

2538 Hudhud Indus. Co. (steel wool) 20

1097 The Lebanese Modern Indu. &Trading Co.
(refrigerators) 25

National Paints Factory Co. 45

2682 Modern Co., Ltd. 30

39 Star Suit Case Factory 17

2741 Jamil M. Sahoury & Bros. Co. (household appliances) 12

198 Mosily &Co. 10

277 National for Manufg. Plastic ~o

950 White Plastics Factory Co. (plastic) 17

1769 International Plastic Co. 12

2086 Genco Industrial Co. (tiles &mosaic) 20

99 Abdul Azeem Sharaw, and Bros. Co. (gum) 40

1455 Arab Veterinary Ind. Co. 10

2504 Kabatilo Ind. &Trading Est. (fruit juices)

Jordan Plastic Co.', (foam &. kitchen plastic tools) 169
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File No.

2405

2651

2571

2016

2567

2759

688

689

355

426

2180

2300

275

2021

AIN EL BASHA

Jordan Fruit Juice Co.

Reem Fruit Juice Products Co.

Jordan Electrode Co. (elect. wire bars)

Forum Furniture Co.

Nogul D. Salem Co. (plastic bags)

Al-Mimam Est. Trade and Indus. (pvc windo~/door

factory)

Jordan French Marble Products Co.

Bishtawi, Shamali &Halheers r.o.
(gypsum, artwares factories)

Marmor Resin Plants Co., Ltd. (Marpco) (marble)

Arabian Industrial Processing Investment Co.
(tiles)

Paper Bags Factory
NA'UR CITY

Dar Al Dawa (drugs)

Jordanian Pharmaceutical &Medical Equipment Co.

SALT

The Arab Pharmaceutical Mfg. Co., Ltd.

RING ROAD

Insu&trang Insulation Indus. Co., Ltd.
(polystrene pipes and furniture)

No. of
Workers

•50

Iv

18
•20
•17

36
•50

•57

15

•30

71

47

300

51

.r;,



File No.

1772

2642

2235

2617

1983

1127

2623

2436

1116

1868

ABU ALANDA-Ragib Area

National Gas Industries Co. Ltd.

Zaghat Industrial Co. (shoes)

Sugayer & Turjman Indus. Co. Ltd.

The Arabian Pipes Co., Ltd. (fiberglass pipes)

Jordan Sipes Paints Co.

Households & Toiletries Mfg. Co.
(detergents and shampoo)

Abu-Hadbeh Co., for Mfg. and Casting Metal

Modern Textile Cor. (floor wipers)

Jordan Carpet Mfg. Co. Ltd.

Jaffa Juice and Beverages Co., Ltd.

D3-6

No. of
Workers

20

43

10

25

20

25

12

6

86

18



INDUSTRIAL WATER USE AND WASTEWATER SURVEY

Industry Agricultural Processing Co. Luc~tion Marqa-------------
Principal Activities Tomato paste, vegetable canning

No. of employees 30 Operation 8 lir./day 6--------
paste

150 m3/day

Municipality of Amman

Vegetables

Canned vegetables; tomato

Raw materials
------=~-------

Products

Water Source

Avg. consumption
-----~-:-----------------------

Industrial Processes Waler USC

mJ/uay
\.JLlslcWHt.cr r I \'\'

mJ/day

Information is not available, but it is believed that about

100 m3/day is industrial wastewater.

Sanitary Waste (estimated)

1.5 1.5

Wastewater Treatment

None

Disposal

Industrial wastewater to an impoundment in a nearby wadi.

Sanitary waste to septic tank.

Conments

Industrial.wastewater flow fluctuates between 130 m3/day to 170 m3/day

depending on type of product.
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INDUSTRIAL WATER USE AND WASTEWATER SURVEY

MarqaLocation ---.;;....-------
8 Hr./day _6 _

Industry Aerated Water Co., Ltd.

Principal Activities

No. of employees 350 - 400 Operation

Raw materials ------------------------------
Products Pepsi-Cola and soft drinks

Water Source Private wells

Avg. consump tion S..u..DDD;;;:,;;e-.r...:_6_0..0;"".,:m:,.3.:,/..;;d..;;a",y W..;;i..;;n;..t..;;e.;.r..;;.:_2_4_0_m_3~/_d_a.:..y _

Winter
64

Industrial Processes

Process

Water Use
m3/day

Summer
160

Wastewater FlO\"
mJ/uay

Summer Winter

o °
Washing 440 140 440 140

Cooling Negligible

Sanitary Waste (estimated)

10 10 10 10

Wastewater Treatment

None

Disposal

Industrial wastewater to an impoundment in a nearby wadi.

Sanitary waste to septic tank.

CODllents
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APPENDIX E

SANITARY SEWER INFORMATION

HYDROGEN SULFIDE CONSIDERATIONS

Hydrogen sulfide (H2S) is probably the most damaging and toxic of all
substances that are released by natural processes into the environment
in substantial amounts. It is often present in sewers and is responsible
for the deaths that are t'eported as "asphyxiation."

Hydrogen sulfide is objectionable also because of its well-known odor.
When a wastewater treatment plant or pump station is a source of odor
complaints, it is nearly always because of hydrogen sulfide.

In developing the Greater Amman Wastewater Disposal Master Plan, the
corrosion danger from HZS must also be plauned against. Hydrogen
sulfide may stimulate corrosive damage to netals, but of greater concern
in connection with wastewater works is the corrosion of concrete.
Hydrogen sulfide does not attack concrete directly, but on moist surfaces
bacteria of the genus Thiobacillus will oxidize H2S to sulfuric acid
(H2S04). The acid attacks the concrete, converting it to a pasty mass
of gypsum plus the residual sand and gravel from the concrete.

Numerous concrete sewers have collapsed because of this indirect effect
of H S. Large trunklines built with concrete walls 10 em or more in
thiciness have been known to fail in 15 years, and there are many examples

.of failures in small sewers in ten or, even five years. Most of the
reports of concrp.te corrosion have been from the United States, Australia,
South Africa and the United Kingdom, with some scattered accounts of
problems elsewhere. Engineers in many countries have thought in the past
that they were immune to these problems because of climatic factors
or other reasons.

It is now evident that H2S problems may be cr.eated in any climate, as
witnessed by such corrOS10n in various places in South America and
Europe. For example, even the City of Hamburg has experienced serious
corrosion. There have also recently been some notable failures in the
Middle East, mostly because large concrete or asbestos cement sewers
were designed for large future wastewater flows. Thus, the initial
flows were smaller quantities, and flowed sluggishly in the large pipes
generating high H2S concentrations.

SULFIDE

The sulfate ion (504) is present in wastewaters of all origin. Under
anaerobic (zero oxygen) conditions, bacteria first reduce sulfate to
sulfide (5) and then to H s. rhe previously described conversion of
H

2
5 to H

2
S0

4
2nd its resuftant corrosion c.an then occur.
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A smaller amount of HZS that may be produced in sewers may also be present
from the decomposition of sulfur-containing organic matter, especially the
albuminoid proteins. The principal source of HZS in sewers, however, is
not the decomposition of organic matter, but the previously described
bacterial reduction of sulfate.

On the walls of sewer pipes, microbes establish themselve~ and build up
a slime layer. Even though this layer may only be as thick as a milli
meter, oxygen cannot penetrate the slime because of its intense bacterial
activity. It is in this slime layer that sulfate reduction and the pro
duction of sulfide take place. Sludge which deposits in the bottom of the
sewers may also produce sulfide, out a stable sludge deposit seldom produces
as mUl.:h as does a slime layer on the wall.

It is known that tr•. ~ oxygen supply to the stream is of major importance
in retarding H2S build-up. The bacterial reduction of sulfate is
prevented by even the smallest trace of dissolved oxygen. Wastewater
flowing in a sewer under nor~~l conditions (i.e., in a partly filled
pipe is continually ~bsorbing oxygen from the atmosphere. Thus, there
is always a little. O~".'~en in solution, despite its continued use by
aerobic bacteria. ~en~~, sulfide is not produced in wastewaters flowing
in partly filled sewers.

SULFIDE PRODUCTION

Despite widespread occurrences of corrosion of sewers due to H S, most
wastewater systems operate with no problems of this sort. Ear~y interest
was generated in the attempt to find out why H2S appeared in some sewers
and not in others. The Sanitation Districts of Los Angeles County
(LACSD), in the United States, are the leaders in research regarding this
question. The LACSD has contributed a major part of the knowledge about
sulfide generation and control in sewers. The work of the LACSD is the
major foundation for the Sulfide Control Manual published by the United
States Environmental Protection Agency.

A ctudy was I'onducted in 1960 in (,4 small diameter, free-flowing sewers.
The condition herein as "free-flowing" is generally equivalent to
"gravity" seWE>rs that are not flowing full. The study, which took place

in residential ~reas in Southern California, began at the upper ends of
the sewers. The fr~~upn(:s ~f household connections to the sewers was
one per 10 meters. ·~hl.Ei... ~ CJncentrations were measured, and the resul ts
were groupe1 into fo ,. r ~'2e cat~gories. These results per category are
plotted in Figure ~-1 as ;.~v~rage sulfide concentrations vs. distance from
the upper ends of the r.~we~s.
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At the flattest slopes, averaging 0.23%, piles of debris tend to collect
in the sewers and the wastewater flows through a series of semi-stagnnnt
pools. This represents a condition favorable for sulfide production nnd
is shown by Curve A. This same condition prevails to some extent at a
0.4% slope (Curve B), but scarcely at all at slopes of 0.6% or more
(Curves C and D). It should be remembered that the first 0.2 mg/l of
sulfide is likely to be mostly insoluble sulfide, which does not oxiuize
readily nor escape to the atmosphere. Little or no H2S is likely to be
produced under the conditions represented by Curves C and D. Most'of the
Greater Amman Area where sewers already exist or may ~ome day exist
experience slopes in the Curve D category or steepe~. Thus, sulfide
production would not normally be a major matter of concern. Nonetheless,
the matter does warrant consideration.

The strength of wastewater in Amman is much greater than that in Southern
California, this being the result of a per capita wastewater contribution
of only about one-fourth or one-fifth that of the latter's. The organic
load, however, is about normal, so the BODS concentration in Amman
becomes correspondingly high.

Over a period of 30 years, there have been several developments in the
efforts to predict rates of sulfide build-up in larger sewers. These
have culminated in a set of equations published by the Clay Pipe Devel
opment Association of the United Kingdom, which are based upon the
research data of LACSD. However, such quantitive predictions are not
necessary in the development of recommendations for the Greater Amman
Area designs. This is because the objectives are to construct a system
that will not develop sulfide conditions in the ranges where such
equations are applicable. As noted previously, nearly all candidate
areas for sewering appear to offer substantial sewer construction slope
potentials, these minimizing the possibilities for sulfid~ generation
except as these may be encouraged by the unusually strong wastewaL~r.

AWSA SYSTEM FIELD WORK

Fi~ld inspections and flow gagings were conducted on the AWSA sanitary
network on September 17 and 19, 1980, and also on October 12 and 13, 1980.
Regarding sulfide concerns, the objective was to assess the extent of
sulfide production in the network and possible corrosive effects upon
the concrete sewer pipe. A parallel interest was in an hydraulic assess
ment of network conditions.

Visual inspection was made of sewer manholes that were opened and of as
much of the appurtenant sewers as could be seen from street level, it
being impracticable to enter the manholes. Concurrently, depth and flow
gagings were conducted and calculations subsequently made.

The inspections revealed no significant sulfide corrosion of the concrete
sewering materials, while the gagings confirmed the high velocities of
flowing wastewater anticipated from the relatively steep sewer slopes.
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As a result of the foregoing observations and general considerations per
taining to the AWSA network, the following conclusions appear reasonable:

o The steep terrain of Amman inevitably results in steep
construction slopes for the various sewers of the sanitary
network of AWSA, making for relatively high velocities.

o Coincidentally, the design of the collection system was
premised on a higher per capita flow than has been realized,
so that conditions are favorable for aeration of the flow,
thereby inhibiting the generation of sulfides at least under'
present conditions.

o Unless special investigations indicate otherwise, it appears
satisfactory to employ concrete pipe sewering materials in
the AWSA net work and in future sanitary sewer networks,
provided the terrain is steep (as is typical of Amman.)
Normal experience is that as flows increase and flow stages
rise in sanitary sewers, velocities increase, aeration
increases, and sulfide problems tend to diminish. (See also
later discussion.)

FLOW GAGING

Table E-l presents the results of the flow gagings. Gaging was done by
means of the so-called "velocity stick." The velocity stick (Figure E-2)
is a thin graduated wooden blade, one edge of which is symmetrically
tapered into a knife edge. The opposite edge is squared off. The velocity
stick is inserted into flowing wastewater near the inlet of the main sewer,
first blade forward and then blunt edge forward. The liquid depths for these
respective positions are noted, and the difference between th~ blunt edge
fir$t deptn and the knife edge-first depth is o~tained by subtra~tion.

This represents the velocity head, which is then converted, by calculation,
to velocity. The discharge is obtained by multiplying the velocity by the
cross-sectional area of the sewer conduit corresponding to the depth of flow.

Velocity stick determinations were made at the following locations:

o Two manholes on Wadi Nasir Street (representing a major trunk
sewer draining portions of Yarmouk and Al Nasir) close to its
confluence with the main outfall sewer to AGTP.

o The main outfall sewer at one manhole on Mahatta Street, a few
hundred meters upstream of the Wadi Nasir Street Junction
manhole. (Actually, at this location, the flow was so great
and velocity so high, that the velocity stick could not be used
effectively, so the flow was estimated roughly.)

a The trunk sewer at the lower end of Jabal Hussein on Wadi
Haddadah Street, across from the King's Palace, a single
manhole.

o The trunk sewer on the Sport City ~ university Road at a
single manhole opposite the Jordan Times News Agency. The
trunk sewer's flow at this location is generally representative
of the discharge from the University Pumping Station.
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TABLE E-1

SUMMARY OF 1980 HYDRAULIC DATA DERIVED FROM SELECTIVE SEWER GAGING, AWSA NETWORK

Manhole Location Date Time d,m V,m/sec D1/d d2 2 JD1,m D2,m "v'm. c A,m Q,m /sec
-- -- --

Wadi Haddada Street

W. of entre to Palace 11 SEP 0940 0.400 0.10 0.31 0.21 2.0 0.25 0.154 9.160 0.0246 0.049

1000 0.10 0.32 0.22 2.1 0.25 0.154 0.160 0.0246 0.052

1020 0.10 0.32 0.22 2.1 0.25 0.154 0.160 0.0246 0.052

1145 0.12 0.33 0.21 2.0 0.30 0.198 0.160 0.0311 0.063

18 SEP 1130 0.4l)(, 0.11 0.32 0.21 2.0 0.28 0.116 0.160 0.0282 0.056

Hahatta StreetC 11 SEP 1138 1.000 Flow velocity too strong for velocity stick gaging. V estimated

Short dist. SW visually up to about 3 m/sec. A estimated by top width and soffit to

of Street leading surface of flow. T cO.84m DzD/d =0.25 A =0.154 m2

Uphill to Jabal Taj Q = 0.46 m3/sec = 40.000m3/da Note: If v = 2.5m/sec, 0 = 33.300 m]/da

Wadi Nasir Streetd 11 SEP 1042 0.500 0.05 0.13 0.08 1.25 0.10 0.041 0.250 0.010 0.013

15D-2oo m above 1105 0.05 0.15 0.10 1.40 0.10 0.041 0.250 0.010 0.014

Mahatta Street 18 SEP 1150 0.500 0.08 0.11 0.09 1.33 0.16 0.081 0.250 0.020 0.027

Wadi Nasir Streetd 17 SEP IllS 0.500 0.06 0.16 0.10 1.40 0.12 0.053 0.250 0.013 0.019

Sport City - U of J. Rd
e 11 SEP 1210 0.300 0.03 0.08 0.05 0.99 0.10 0.041 0.090 6.004 0.004

Opposite Jordan Times 1216 0.02 0.06 0.04 0.89 0.07 0.024 0.090 0.002 0.002

Newspaper Office 18 SEP 1110 0.300 0.09 0.32 0.23 2.12 0.30 0.198 0.090 0.018 0.038
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TABLE E-I (Cont'd)

Oct. 12 9:55 0.300 0.13 0.38 0.25 2.22 0.433 O.IBO 0.090 0.0720 O.lbO
Oct. 12 10:10 0.300 0.12 0.36 0.24 2.17 0.400 0.156 0.090 0.0140 0.030

Oct. 12 11: 55 0.300 0.11 0.37 0.26 2.26 0.367 0.133 0.090 0.0120 0.027
Oct. 12 12:05 0.300 0.10 0.35 0.25 2.22 0.333 0.110 0.090 0.0099 0.021

Oct. 12 14:00 0.300 0.13 0.36 0.23 2.12 0.433 0.180 0.090 0.0162 0.034
Oct. 12 14:05 0.300 0.12 0.34 0.22 2.08 0.400 0.156 0.090 0.0140 0.029

Oct. 12 21:45 0.300 0.07 0.25 0.18 l.88 0.233 0.055 0.090 0.0050 0.009
Oct. 12 21:55 0.]00 0.05 0.25 0.20 1.98 0.167 0.028 0.090 0.0025 0.005

Oct. 12 23:55 0.300 0.04 0.25 0.21 2.03 0.133 0.018 0.090 0.0016 0.003
Oct. 12 24:00 0.300 0.03 0.23 0.20 1.98 0.100 0.010 0.090 0.0009 0.002

Oct. 13 08: 10 0.300 0.11 0.33 0.22 2.08 0.367 0.133 0.090 0.0120 0.025
Oct. 13 08:15 0.]00 0.10 0.32 0.22 2.08 0.333 0.110 0.090 0.0099 0.021

Manhole Location

Wadi Sakhra Street
near Holiday Inn

No. I
No. 2

No. t
No. 2

No. I
No. 2

No. I
No. 2

No. 1
No. 2

No. 1
No. 2

Date Time d.m ~l~ ~2~ ~.m !.m/sec ~l~ c d
2 2

~.~
"}

Q.m /5('l"

~

~

a
Gaging was done using a velocity stick (Figure E-2) All results are approximate (see text.)
Nomenclature in column headings is: d-pipe diameter; D. depth of water when velocity stick blade faces the current;
D

2
- depth of water when the blunt edge of the velocity stick faces the current; H - velocity head of flowing wastewater;

V-velocity of flowing wastewater; c-a coefficient dependent upon the ratio of dep!h to diameter; d2-diameter squared- A
cross-sectional area of sewer conduit; Q-discharge of wastewater through the sewer conduit.

~bTiming of September gagings was such as to include probable peak flow condition during at least one gaging episode.
October gagings were timed to include also off-pea~ conditions.

c
This is the main trunk sewer which shortly becomes the main outfall to AGTP. The approximateri peak value of 40.000 m3/da
discharge rate would correspond to over 200% of average flow at the AGTP. but the flow indicated at the influent weir at
AGTP indicated the peak at 1600 was only 161% of the day's average. The difference may be due to the very approximate
nature of the "gaging" at this location and also the damping effect of sewer surcharge from the AGTP and upstream for
several manholes. Also. if the velocity were actually less than estimated.

E-6



:>
~<:

i .

TABLE E-l, (Cont'd)

d
Preliminary indication of Hanning's "n" (friction coefficient) based on gaging contiguous manholes was about 0.013, a
satisfactory value.

eThis trunk sewer carries flow mostly from the University of Jordan area via the University Pumping Station. A nominal
amount of gravity contributions occurs between the discharge point af the pumping station's force main and the manhole
used for gaging. (It was not practical to gage closer to the end of the force main because of too great an invert depth.)
As an approximation, the higher flow measured represents one or two pumps' discharge plus gravity contributions, while the
lower flow represents one pump's flow or simply a sewer draining condition. following backup pump shutdown, plus the small
gravity contributions upstream.

T~e three pumps at the Univer~ity Pumping S~ation are apparently individually designed to produce 450 Imperial gallons per
minute at 90 feet total dynamiC head and wlth a brake horsepower of ahout 31. corresponding to 23 KW. It is not knour. ~hat

the actual hyd~aulics of pumpi~g are ~ith a lead pump alone or \/ith a lead pump plus backup pump active simultaneously.
However. assuming that the KW Input Cited represents one pump operating at the design point. it is possible to approximate
the station output of a period of time. viz:

KWhr consumption for Calendar 1979 was 57.380 (AWSA data)
Average KW during this period is 57.380/8.760 hrs = 6.55 KW. avg.
This is 6.55/23 = 28.5 % pump activity (one pump)
Average output is 0.285 (450 Igpm) = 128 Igpm = 184,000 Igpd.
Or. 184.000 Igpd (0.00455) = 03; ~3/day

f
This trunk sewer was selected because its flow was representative of one of the sub-drainage areas of the network.
(The population tributary to the manholes gaged was estimated to be about 15,300 persons. It was not know how many
were connected to the sewer.) In addition to permitting approximation of diurnal flow variations. the gagings enabled
computations to be made of Hanning's "n." The twelve values of "tt" computed from the data ranged between 0.0109 and
0.0145 and averaged slightly less than 0.013. thus confirming tbe data of footnote lid" and the design criteria fOl- the
network.
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o Two manholes on a trunk sewer on Wadi Sakhra Street (near the
Holiday Inn.)

As indicated in Table E-l, velocities were relatively high, even at low
flows (Wadi Sakhra Street manholes only) and hydraulic calculations in
dicated that Hanning's "n" was about 0.013, a satisfactory value.

FUTURE OUTLOOK

Based upon the limited observations reported above and information from
AWSA personnel, it appears that the sanitary sewer network of AWSA has
successfully withstood some eleven years of service without exhibiting
any significant signs of deterioration of the concrete sewering materials.
As indicated previously, slopes are very favorable for aeration and pre
venting sulfide buildup. The only remaining consideration was as to
whether in future years, certain trunk sewers might become sufficiently
full to diminish aeration capabilities significantly, thereby tending to
cause sulfide buildup.

Z FORMULA APPLICATION

In order to consider the future possibilities of sulfide buildup in
selected trunk sewers, a brief application was made of the Pomeroy "z"
Formula as describedlin Dr. Pomeroy's publication "The Problem of Hydrogen
Sulphide in Sewers." The results of this brief investigation ar~ pre
sented in Table E-2. As noted, it appears that as a resillt of the calcu
lated value of "z" in the sample reach of trunk sewer, sulfide might some
times be expected to develop in sufficient proportio~ materially to increase
odors and damage concrete structures, especially near points of turbulence.
However, the present conditions have apparently not had significant effects
of this kind, and it is indicated that the future effects would not be much
different, although slightly improved. Lacking current evidence of sulfide
damage to the sewer system, it is thus concluded that future sulfide con
ditions in the trunk sewer reach considered should be no worse than those
at present.

The construction slope of the reach considered is probably typical of most
of the flatter trunk sewers, although there are some reaches with slightly
less slope. However, these latter slopes are relatively short in len~th.

Thus, the sulfide propensities should not be great. Most of the network
involves trunk sewers with substantial slopes, and these would have even
less sulfide generation characteristics.

FORCE MAINS

As pointed out in the Pomeroy publicationl pressure mains (force mains)
do have sulfide generating potentials, and when these discharge into
gravity sewers, the turbulence frequently releases hydrogen sulfide gas
and may lead to corrosion of concrete pipe and structures. This should
be borne in mind in design of new systems and measures taken to minimize
or prevent such conditions. Fortunately, neither the AWSA wastewater
collection system nor other collection systems will entail much pumping.
However, when pumping through force mains is unavoidable, special pre
cautions should be observed in design. This might include special thick
nesses of sacrificial concrete (calcareous aggregate) or other measures,
where warranted.
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Item

TABLE E-2

TRIAL APPLICATION OF "z" FORMULA FOR

INVESTIGATING SULFIDE BUILDUP POTENTIALSa

Current Future

Diameter, m
Slope
Manning's "n"
Peak Flow Depth, m
Peak Discharge, l/s
Top Surface Width, m
Wetted Perimeter, m
BOD, mg/l
EBOD (for 300 C)
"Z", Calculatedb
Sulfide Propensitiesc

1.000
0.010
0.013
0.250

325
0.866
1.044
1,000
1,970

10,400
some

1.000
0.010
0.013
0.750
2,170
0.866
2.093

800
1,570
8,820
some

a
Main trunk sewer reach considered is immediately upstream of manhole'
on Mahatta Street used for inspection "gaging" and sampling. No
adverse sulfide conditions actually noted in this manhole. In applying
the "z" formula, if the computed value of "z" (around U>,OOO) were
characteristic of conditions existing for two or three km upstream from
this manhole, it would be expected that sulfide might sometimes develop
in sufficient proportion materially to increase odors and to result in
substantial damage to concrete and masonry structures, especially near
points of turbulence.

b
Z· 3(EBOD) (Wetted Perimeter)

(Slope)l (Discharge) I)) (Top Width)

c
Even with greater flows in this reach, the future Z values do not appear
much different than the present ones. Thus, future sulfide conditions
would supposedly be similar. However, pr~sent conditions apparently do
not show adverse sulfide effects. Thus, future conditions are expected
to be similar. Other trunk sewers in the system often have steeper
slopes, resulting in lower Z values and reduced sulfide propensities.
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Reference for Appendix E.

1. Pomeroy, Richard D., PhD, "The Problem of Hydrogen Sulphide in
Sewers," Clay Pipe Development Association, Ltd., 1977.



APPENDIX F

COMMUNITY SANITATION RECONNAISSANCE

A limited community sanitation reconnaissance was undertaken in the summer

and fall of. 1980 of communities within the Greater Amman Area for the purpose

of obtaining general infor ltion on sanitation conditions relating to water

supply and, particularly, sewage disposal. A questionnaire was devised to

develop this and related information, and visits were made in the field and

interviews held with responsible official~ or other representatives of thg

individual communities. Sample questionnaire, for Na.'ur and Fuheis are

p~~sented herewith.

The results of the reconnaissance were necessarily of a general and subjective

nature, due to lack of definitive date and limitations of time. Therefore,

the results should be considered as indicative of curr€?nt and possible future

conditions.

Table F-l presents an overall summary of subsurface sewage disposal information

from the Community Sanitation Reconnaissance. Tables F-2 through F-6 summarize

the subsurface sewage disposal data for each of the 29 communities surveyed

broken down by population sizes.

The general impression gained from these tables is that the problem of sub

surface sewage disposal is already manifested in the majority of the commu

nities to at least a moderate extent and that in many cases, the outlook is

increasingly unfavorable. A substantial population is already affected.

The problem is in the form of cesspools which already overflow or ~lse require

inordinat~ly frequent pumpouts to prevent overflows. The results of the re

connaissance also assisted in identifying potential cesspool disposal problem

areas and in setting priorities for wastewater collection and treatment.
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a
SUMMARY OF SUBSURFACE SEWAGE DISPOSAL INFORMATION

FROM COMMUNITY SANITATION RECONNAISSANCE
Population Group in Thousands

Item Up to 4 5 - 14 15 - 24 25 - 34 45 and over

M S Nb M S N MSN M S N M S N

Conditions Disfavoring Cesspools
Rocky soil 1 10 4 413 1 0 0 III 1 0 1
Steep slopes 267 422 100 III 1 0 1
Thin soil mantle 2 3 10 224 010 201 1 0 1
Tight soils 3 1 11 035 1 0 0 021 020
Small building lots 339 251 100 210 1 1 0

Conditions experienced c

Cesspools overflowing 273 062 100 1 0 2 110
Frequency of pumpout (approx.)

Monthly 000 000 000 100 000
Quarterly 1 1 0 1 0 0 1 0 0 000 200
Semi-annually 1 1 0 300 000 100 000

"zt Annually 000 000 000 000 000
I GrE:ater than annually 11 0 1 400 000 000 000

N

Cost of pumpouts. JD/yr.
o - 10 10 0 0 500 000 000 000
10 -100 400 200 000 1 0 0 200
100 - 200 100 000 1 0 0 000 000
200 - 300 000 000 000 000 000
Over 300 000 000 000 *100 000

d
Future outlook for cesspools

No change for present 11 0 2 800 o 0 1 2 0 1 200
Eventual worsening 314 347 1 0 0 2 1 0 110
Imminent worsening 2 0 6 007 010 2 0 1 1 0 1

(None in 35 - 44 category)

5 - 14
15 - 24
25 - 34
45 and over

a
Community Sanitation Reconnaissance conducted in Greater Amman Area. 1980

in the following unsewered population size communities (in thousands), per 1979 census:
Up to 4 Jureineh. Teachers Housing (Marj el Hamam), Hisban. EliAl. Ein el Basha. Jubeiha.

Talbeih Camp. Khirbet Suq. Juweideh. Muwaqqar, Um el Basatin. Rawda. Hahis. Safut,
Officers Housing (Marj el Hamam)
Abu Alanda. Queismeh, Sahab. Sukhneh. Fuheis. HaslUniya, Nalur, Taibeh/Qaisiya
Suweileh
Schneller Camp, Hadaba, Wadi es Sir
iBaqa I a Camp •

~
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TABLE F-l (Cont'd)

Footnotes

a (cont'd)
All of these communities relied upon cesspool installations for subsurface sewage disposal. The
communities included 14 municipalities, 13 towns afid villages, and 2 outlying refugee camps. All
data shown except census data must be considered as approximate.

boata breakdown is according to approximate residence, viz: H denotes many, S denotes some, and N
denotes negligible or none.

cWhere adverse conditions exist for subsurface disposal, it is normal for many overflowing cesspools
to be reported or else fairly frequent (and costly) cesspool pumpouts to be required.

dWorsening of conditions may be. attributed to saturating the subsoil, inability to provide additional
on-site disposal facilities, increased wastewater flow occasioned by a relaxing of water shortages,
or some combination of these factors.

*oata reported from local official might be subject to confirmation. Results appear unusually high.



I.

X

x

X

X

X

X

H S N

X

X

Jubeiha
(l.587)

X

X

x

X

M S N

X

X

X

X

Ein el Basha
(3.141)

X

X

X

X

X

x

X

El"Al
(1.683)

M S N

X

X

x

X

x
X

Hisban
(1.226)

M S N

X

X

X

X

X

X

x
X

X

X

X

X

H S N

X

TABLE l'-L

RECENT SUBSURFACE SEWAGE DISPOSAL DATA FROM OUTLYING COMMUNITIESa

1979 POPULATION OF COMMUNITIES OF UP TO 4.000

Teachers Housing
(Marj el Haman)

(0.500)

x

MSN

X

X

X

X

X

X

X

Jureineh
(1.228)

Item

Community Visited
(Population)

Overall Densitv. Persons/dunums
.. . f. bCond1t1ons D1s avor1ng Cesspools

Rocky Soil

Steep slopes

Thin soil mantle

Tight soils

Small building lots

Conditions experience4c

Cesspools overflowing

Frequency of pumpouts (approx.)

Monthly

Quarterly

Semi-annually

Annually

Greater than annually

Costs of pumpouts. JD/yr

0-10

10-100

l(k.~-2oo

200-300

Over 300
dFuture Outlook for Cesspools

No change from present

Eventual worsening

Imminent worsening

X A

x
X

X

X

X

X

X

x
X

X

x

X

F-4



TABLE F-2 (Cont'd)

Item

Community Visited Talbieh Camp Kbirbet Suq Juweideh Muwaqqar Um el Basatin Rawda
(Population) (3.949) <3.568) <3,014) (1.399) (1.512) (1.000)

Overall Density. Persons/dunums
d" . f . C 1 b MSN HSN M S N MSN M S N H S NCon 1t1ons D1s avor1ng esspoo s

Rocky soil X X X X X X

Steep slopes X X X A X

Thin soil mantIc X X X X X X

Tight soils X X X X X X

Small building lots X X X X X X

Conditions experiencedc

Cesspools overflowing X X X

Frequency of pumpouts (approx.)

Monthly

Quarterly X

Semi-annua11y X

Annually

Greater than annually X X X X X

Cost of pumpouts. JD/yr

0-10 X X X X X

10-100 X

100-200

200-300

Over 300
d

Future Outlook for Cesspools

No change from present X X X X X

Eventual worsening X

~inent worsening

v, F-5



M S N M S N

X X

X X

X X

X X

X X

X X

Item

Community Visited
(Population)

Overall Density. Persons/dunums
d • • • f' • bCon 1t10ns D1s avor1ng Cesspoo~s

Rocky soil

Steep slopes

Thin soil mantle

Tight soils

Small building lots

Conditions experiencedc

Cesspools overflowing
Frequency of pumpouts (approx.)

Monthly

Quarterly

Semi-annually

Annually

Greater than annually
Costs of pumpouts. JD/yr

0-10

10-100

100-200

200-300

Over 300

Mabis
(3.892)

M S N

X

X

X

X

X

X

X

X

Safut
(1.097)

X

X

II

'1'AHLe l'"-L (Cont'd)

Officers Housing Scheme
Harj el Hamam

(1,120)

X

X

Alia Housing

(Not occupied yet)

dFuture Outlook for Cesspools
No change from present

Eventual worsening
Imminent worsening

X

X

X

X

X

X

X

X

X
New location

F-6
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TABLE F-2 (Cont'd)

a All of the communities visited during summer and autumn. 1980 were without sewer service and relied upon cesspool installations for
subsurface sewage. All data shown except census data must be considered as approximate.

b Data breakdown is according to approximate residence. viz: M denotes many. S denotes some. and N denotes negligible or none.

c Where adverse conditions exist for subsurface disposal. it is normal for many overflowing cesspools to be reported or else fairly
frequent (and costly) cesspool pumpouts to be required.

d Worsening of conditions may be attributed to saturating the subsoil, inability to provide additional on-site disposal facilities,
increased wastewater flow occasioned by a relaxing of water shortages, or some combination of these factors.

e Results as reported by local official appear unusually high. Should be confirmed.
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TABLE F-3

RECENT SUBSURFACE SEWAGE DISPOSAL DATA FROM OUTLYING COMMUNITIESa

1979 POPULATION OF COMMUNITIES BEU~EN 5 AND 14,000
Item

Community Visited Abu Alanda Queismeh Sahab Sukhneh Fuheis Hashimiya Na'ur Taibeh/Qaisiy
(Population) (4,202) (8,500) (11,908) (4.387) (5,215) (4,179) (5,199) (4,894)

Overall Density, Persons/dunums

Conditions Disfavoring Cesspoolsb M S N M S N H S· N M S N M S N M S N H S N M S N- - - - - - -
Rocky Soil X X X X X X X X

Steep slopes X X X X X X X X

Thin soil mantle X X X X X X X X

Tight soils X X X X X X
X X

Small building lots X X X X X X X X
Conditions experienced

c

Cesspools overflowing X X X X X X X X

Frequency of pumpouts (approx.)

Monthly

Quarterly X

Semi-annually X X X

Annually

Greater than annually X X X X

Costs of pumpouts. JD/yr

0-10 X X X X X

10-100 X X X

100-200

200-300

Over 300
dFuture Outlook for Cesspools

No change from present X X X X X X X X

Eventual worsening X X X X X X X X

Imminent worsening X X X X X X X

F-8
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TABLE F-3 (Cont'd)

a

All of the communities visited during summer and autumn, 1980 were without sewer service and relied upon cesspool installations for
subsurface sewage. All data shown except census data must be considered as approximate.

b
Data breakdown is according to approximate residence, viz: H denotes many. S denotes some. and N denotes negligible or none.

c
Where adverse conditions exist for subsurf~e disposal. it is normal for many overflowing cesspools to be reported or else fairly
frequent (and costly) cesspool pumpouts to be required.

dWorsening of conditions may be attributed to saturating the subsoil, inability to provide additional on-site disposal facilities,
increased wastewater flow occasioned by a relaxing of water shortages. or some combinaticn of these factors.

F-9
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Item

Community Visited
(Population)

Overall Density. Persons/dunums

Conditions Disfavoring Cesspoolsb

Rocky Soil

Steep Slopes

Thin soil mantle

Tight soils

Small building lots

Conditions experiencedc

Cesspools overflowing

Frequency of pumpouts (approx.)

Monthly

Quarterly

Semi-annually

Annually

Greater than annually

Costs of pumpouts, JD/yr

0-10

10-100

100-200

200-300

Over 300
dFuture Outlook for Cess~ols

No change from present

Eventual worsening

Imminent worsening

litIl

TABLE F-4

RECENT SUBSURFACE SEWAGE DISPOSAL DATA FROM OUTLYING COMHUNITIESa

1979 POPULATION OF COMMUNITIES BETWEEN 15 AND 24,000

Suveileh
(21,442)

M S N- - -
X

X

X

X

X

X

X

X

X

X

X

F-lO
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TABLE F-4 (Cont'd)

a
All of the communities visited during summer and autumn. 1980 were without sewer service and relied upon cesspool installations for
subsurface sewage. All data shown except census data must be considered as appropriate.

b
Data breakdown is according to approximate residence. viz: H denotes many. S denotes some. and N denotes negligible or none.

cWhere adverse condition exist for subsurface disposal. it is normal for many overflowing cesspools to be reported or else fairly
frequent (and costly) cesspool pumpouts to be required.

d
Worsening of conditions may be attributed to saturating the subsoil. inability to provide additional on-site disposal facilities.
increased wastewater flow occasioned by a relaxing of water shortages. or some combination of these factors.

F-ll



TABLE F-5

RECENT SUBSURFACE SEWAGE DISPOSAL DATA FROM OUTLYING COMMUNITIESa

1979 POPULATION OF COMMUNITIES BETWEEN 25 AND 34.000

~

Community Visited
(Population)

Overall Density. Personsldunums

Conditions Disfavoring Cesspoolsb

Rocky Soil

Steep Slopes

Thin soil mantle

Tight soils

Small building lots

Conditions experiencedc

Cesspools overflowing

Frequency of pumpouts (approx.)

Monthly

Quarterly

Semi-annually

Annually

Greater than annually

Costs of pumpouts. JD/yr

0-10

10-100

100-200

200-300

Over 300
d

Future Outlook for Cesspools

No Change from present

Eventual worsening

Lmminent worsening

Schneller Camp
(24.229)

M S N- - -
X

X

X

X

X

X

X

X

X

F-l2

Madaba
(28.509)

M S N

X

X

X

X

X

X

X

X

X

X

X

Wadi es Sir
(24.497)

M S N

X

x
X

X

X

X

X

X

X

X

X
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TABLE F-5 (Cont'd)

a
All of the communities visited during summer and autumn. 1980. were without sewer service and relied upon cesspool installations forsubsurface sewage. All data shown except census data must be considered as appropriate.

b
Data breakdown is according to approximate residence. viz: K denotes many. S denotes some. and N denotes negligible or none.c
Where adverse conditions exist for subsurface disposal. it is normal for many overflowing cesspools to be reported or else fairlyfrequent (and costly) cesspool pumpouts to be required.

d
Worsening of conditions may be attributed to saturating the subsoil. inability to provide additional on-site disposal facilities.increased wastewater flow occasioned by a relaxing of water shortages. or some combination of these factors.
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Baqa'a camp Ruseifa
(45.291) (49.622)

M S N K S N- - - - - -
X X

X X

X X

X X

X X

X X

-)

Item

Community Visited
(Population)

Overall. Density. Persons/dunum

Conditions Disfavoring cesspoolsb

Rocky Soil

Steep Slopes

Thin soil mantle

Tight soils

Small building lots

Conditions experiencedc

Cesspools overflowing

Frequency of pumpouts (approx.)

Monthly

Quarterly

Semi-annually

Annually

Greater than annually

Costs of pumpouts. JD/yr

0-10

10-100

100-200

200-300

Over 300
dFuture Outlook for Cesspools

No change from present

Eventual worsening

Imminent worsening

TABLE F-6

RECENT SUBSURFACE SEWAGE DATA FROM OUTLYING COMHUNITIESa

1979 POPULATION OF COHKUNITIES FROM 45.000 AND OVER

X

X

X

X

X

F-14

X

X

X

X

X
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TABLE F-6 (Cont'd)

a
All of the communities visited during summer and autumn, 1980, were without sewer service and relied upon cesspool installations forsubsurface sewage. All data shown except census data must be considered as appropriate.

b
Data breakdown is according to approximate residence. viz: H denotes many, S denotes some. and N denotes negligible or none.c
Where adverse conditions exist for subsurface disposal. it is normal for many overflowing cesspools to be reported or else fairlyfrequent (and costly) cesspool pumpouts to be required.

d
Worsening of conditions may be attributed to saturating the subsoil. inability to provide additional on-site disposal facilities.incleased wastewater flow occasioned by a relaxing of water shortages. or some combination of these factors.

F-l5



GREATER AMMAN WASTEWATER DISPOSAL PROJECT

COMMUNITY SANITATION RECONNAISSANCE

Conununi ty Na 'lir Da te of Vis i l: By Y. A. Kammash-------
Community Official Mr. Ishaq (Isac) Title Lord Mayor

1. Sanitation Conditions (Including Location)

Many

a. Overflowing Cesspools

A Few

X

None

b. Septage Truck Spills X

c. Lack of Flush Toilets X

X in midtownd. Sink Drainage to GrounQ
--------..,;;..;,.-~--..;...----------

xe. Epidemics Experienced -----------------------
Explanation

Generally same class

2. Problems of the Poor

a. Locations of Poorest People _~~_.....r...- _

b. Same Locations as in l.?

c. Most Serious Problems?

(1) No Good Sewerage?

(2) Not Enough Water?

(3) Other?

3. Cost of Cesspool Pumpout

Average twice/yr

Frequency/Area Cost. JD
SO/yr

4. Areas Likely to Develop Location

High areas west of town are being developed rapidly.

Reason



-2-

Greater Amman Wastewater Disposal Project Cont'd Na'ur

5. Employment Patterns Location of Jobs

Farm labor in town
Construction in town
Employee:. Amman

6. Drinking Water Wells

a. Near Septic Tanks-Cesspools?

b. Affected by Sewage Disposal?

Types of Jobs

labor

Govt.

Explanation

None

None

Negligible
7. Seasonal Population Influx Many Some None

a" Vacationers X

'J. Students X

t!. Tourists X

d. Migrant Workers X

e. O\"hers

Negligible
8. ~onal Population Drop Many Some None

a. Migrant Workers X

b. Students X

c. Military

d. Other

9. Water Supply Planning Explanation

a. Need for Additional Supply? Gets water from Qastal

b. What Additional Supply
is Coming? _

10. Areas Without Sanitation Problems Explanation



!xp lanal:ion

-J-

Greater Amman Wastewater Disposal Proj~ct Cont'd Na'ur

11. Conditions Unfavorabl~ for
Subsurface Sewage Dispo~al

a. Rocky Soil? x...-. _

b. Steep Slopes? Xl- _

c. Thin Soil Mantle?
d. Tight Soils? X:.!.- _

e. Building Lots Too Small?

12. Outlook for Subsurface Disposal

a. Good Conditions, Several Y~ars?

Exelanati~n

Not good

Explanation

b. Likely to Worsen Soon? y~el:f.s _

13. Effect of Plentiful Water

a. Upon Loca I Sani ta t ion? __..,jill.t.nl:lc"*ro.:iie'-Ha~s~e.ils_p.,..r.Qw.Jb...lloole..m..... _

b. Upon Personal Hygiene? __~i~mzp~r~o~ve~s __

14. Potential Benefits to Public

a. If Adequate WaceY Provided?

b. If Public Sewers Provided?

Explanat.lol~

Both equally usefyl

Both equally useful



GREATER ML"IMJ WAS1:EW,\TER D[SPOSAL PHOJ~CT

CO~l."1Ut'iITY SA:-; lTATION RECONNAISSANCE

Date of VisitFuheisConununity By Y.A. Kammash-------
COllllllunity Official Tit Ie Lord Mayor

1. Sanitation Conditions (Including Location)

~Iany A Few NOlle

a. Overflowing CesspooLs X

b. Septage Truck Spills X

c. Lack of Flush Toilets Some houses eguipped- some none

d. Sink Drainage to Ground Connected to septic tanks

e. Epidemics Expe rienced _--=N.;,;;o;.:n:.;e=-- _

2. Problems of the Poor Explanation

a. Locations of Poorest People Just about same class people

b. Same Locations as in 1.?

c. Most Serious Prob lems?

(1) No Good Sewerage?

(2) Not Enough Water?

( 3) Other?

All no good sewerage

3. Cost of CesspooL Pumpout

Average twice/yr

Erequency/At:'ea Cost, JD

40/yr

----------------------------------,--.-

4. Areas Likely to Develop Location Reason

All areas except east side where the cement factory is located.

Nearby cement factory caused pollution to a spring.

Cement factory will have its treatment plant to improve industrial liquid waste
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Greater Anman Wast~water Disposal Project Cont'J Fuheis

5. Employment Patterns

Worker

Farmers

Employment

Locat:ioll of Jobs

Cement Factory

in village

in Amman

Types of Jobs

in Government

6. Drinking Water Wells

a. Near Septic Tanks-Cesspools?

b. Affected by Sewage Disposal?

Explanation

None

None

7. Seasonal Population Influx

a. Vacationers

b. Students

c. Tourists

d. Migrant Workers

e. Others

8. Seasonal Population Drop

a. Migrant Workers

b. Students

c. Military

d. Other

9. Water Supply Planning

a. Need for Additional Supply? ve s

Some

x

Some

x

Explanation

Negligible
None

x
x

Negligible
None

x

b. What Additional Supply
is Coming? Planning to add more water from nearby Azrak spring

10. Areas Without Sanitation Problems

Nil

Explanation
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Greater Amman Wastewater Disposal Project Cont'd Fuheis

It. Conditions Unfavorable for
Subsurface Sewage Disposal

a. Rocky Soil ? X

b. Steep Slopes? X

c. Thin Soil Mantle?

d. Tight Soils? X

e. Building Lots Too Small '! X in midtown

Explanation

Explanation

No

12. Outlook fur Subsurface Disposal

a. Good Conditions, Several Years? -------_-::.:::.-_-------
b. Likely to Worsen Soon? Yes

13. Effect of Plentiful Water Explanation

a. Upon Local Sanitation? Increase sanitation problem

b. Upon Persona1 Hygiene? _.::Im~pr:.o:.v~e:::.:s::....:h~yl.Cg:a.:i:.::e::.:.n:::e:._ _

Explanation

Both needed

14. Potential Benefits to Public

a. If Adequate WateY Provided? -==..::.:==:..-------------
b. If Public Sewers Provided? Both needed



CONSULTING ENGINEERING CENTER

Amman - Jordan

Tel. 6115,

P. O. B. : 8180

Cable : CENTra

Date !')..g.y..~.m.I;!Jtr. ....l1.,.....~ 980 Rei. ~.I..J.~.I.?}.~.? e.)l:.'J1

W,).) '11 - .....:.,JI.#

'\ \If • \ I u".aJJ
,\\,\. I '-:J.V"

;-:- I L.;• .1,

...... ·· ·..·..· ·· ·..····.. eJ81

Mr. C.H. Lawrance, Project Manager
James M. Montgomery
Consulting Engineers Inc.
Amman.

Dear Mr. Laweance,

Subject: Structural Modification of the Secondary
Sedimentation Tanks-Ain Ghazal Treatment Plant

Per your request, the following report is submitted as an assessment
of the structural feasibility of converting the eXisting "double decker'
sedimentation tal1ks to deep type tanks by eliminating the existing
middle slab We understand that this is essential for the efficient
removal of solids.

Toe s tab li s h if the midd1e s 1ab pro videdan y s t:r uc t ur a1 f·u nc t ionsin
the existing design, an attempt has been made to locate the structu~al

drawings. Unfortunately we were not successful. Nevertheless, we feel
that there are two alternatives that can be utilized to fulfill the
needed modifications. These are:

1- Building up the existing walls to enough thickness to
stand the hydraulic load, once the middle slab is removed.
And construction of reinforced beams at the top to tie up
the walls together. These beams should be tied up by
perpendicular horizontal beams at specified intervals.

2- Knocking down middle slab only partially (i.e., leaving
a slab, beam about .5 meters wide every 2 metera. The
to-be beams will be tapered orf the center to minimize
accumulation of sediments.

At any rate the de8ign criteria will be such that any tank be e.,~y
at one time while the adjacent tanks are full. The sketches on the
attached sheets illustrate the two alternatives described above.
We would like to emphasize that the walls will not sit as cantilevers
under any circumstances.
Hoping this will meet your 8atisfaction.

G-l Q'V
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SERVICE EQUIPMENT
JORDANIAN ELECRICITY
COMPANY LTD.

2 - 1000 KV~

6 6 KV/
I r. /220_38j

I

) 2500 A

0- 500 V

* @-0-®-
( 4 a0 A) 0 - 2000 A 2~A

-~ -----_..__..' '---IIII I I T

4 - 160 KW COMPRESSORS

2 - 5.5 KW FOAM CONT. PUMPS
1 - 160 KW SPACE (SPC )-TO BE EQUIPPED LATE 1980

2 - 5 KW SPACES

I
A1 a1 0-500 A ® I
~80A

I I I I I I T T

C100A 200A~. QI3- COMPRESSORS (AER.)
, I I , I -r I _.

4- - Il- (AIR LIFT P.) 4 - SLUDGE PUMPS (4 SP)

2- - 11- (VALVES). 2 - 3 " SPC 3- SLUDGE SCRAP'S ( 2 SP )

Lv~2,5 ,A, , ,~l pJ ,a1 125 AI~A A1 a1 bl /1
Q - I II I

I

STOVE, 9 -1 " LTG, REC, 80 A M CB-3 " 7 - 3 , SPS, 2-'
MISC.,3-1~ SPC 9- 1 • LTG 1 .. (

3 - :
1-3 .. REC., 8 - 3" SPR, 3 - 3 _ 5 PC 5 - 1

A1 a1 b2 (125 A

§25A 13 -1.LTG, REC.,MISC.
4 - 1 • SPC.

4 - 3 II MISC' I 4 - 3 _ SPC

A1alb2al
2 THEATG PUMPS, 3 - 1 _ LTG,MICS, 2-1" SPC



o-soov

~--@--® *
o - 2000 A ( 530 A )

KVA ~ * READINGS TAKEN AT MeB
SEPT. 23. 1980 12~ PM

- 380V 1
--- j-2s-0-0-A-----------

MAl N SWITCHGEAR J

220 - 380 V. 3 f/J. 4 W) V,A

~800A
I 'I I I I , I I I , I I , I

2 -160 KW COMPRESSORS

2 - 11 KW FLUSH 'G WATER PUMPS

1-SPACE -1/- -1/- -11-

7 - 1 lb CIR'S. LtGHTG, REC. Mise.

7 -1 ¢ -11- SPARES (SPR)

800A

~\ -j~ 200 A 63A
·~II'I' II I , ,

64 A 2 - SAND SC.REWS, 1 -HEATG. P.

2- SLUDGE SCRAP'S. 2 SPC. 7-1 ~ SPC

2- 3 ~REC. 5 SPC, 18 -ll1JLT,REC,MISC

(12iS~ i A1 a1 c1 64A ( Al a1 d1 I
i i i iii i

a2~~
I , i i

2 - DRAING PUMPS 2 - BARMINUTORS 6 - :
1 ... COMPRESSOR 1 - VENTIL. FAN 1- \
3 - 3 e SPC, 3 -1 e S PC 1 - 3 _ RE C, 5 -1 .5PC
5- 1 /If LTG. REC. 3 - 1 • LTG, REC 2 - 1

,~1,~1 p~ f1~, i (,3~ ~ , , ,
6 -1 • CHLORINAT.

1 - 3. SPC I 8 - 1 ; S PC



SYMBOLS

Al
v

Jv
'Y' POWER TRANSFORMER

f- CURRENT TRANSFORMER

® INDICATING INSTRUMENT
V = VOLTMETER
A = AMMETER

I W = KWATTMETER
) CIRCUIT BREAKER 3 P.
to FUSE - 3 FOR 3 PHASE

( SWITCH 3P

A 1 b1 NAMEPLATE OF
SWITCHBOARD OR PANEL

500A
A 0- 260A

OOA
SLUDGE PUMPS. 2 S P C

GAS COMPRESS.• 2 SPC

A1 bl 01 64 A (
iii iii iii i i

- HEAT'G PUMPS ( 3 DUPLJ

- VENT, FAN ,2 - OIL BUR.
i

-1!~ SOL.VAL. J '3-3 ~ SPC

63 A

25A

Al bl

l-COMPRESS" 5-3 ;SPC

1 3 -1 rI LTG, REC I MI SC

3-1;SPR

(32 A Al b1 ,b1
ii, ,

1 - LEVEL MEAS. (GAS STOR. T,)

1 -REC. 2-1~ SPC

AIN GHAZAL TREATMENT PLANT

ELECTRICAL DISTRIBUTION
SINGLE LINE DIAGRAM
EXISTING CONDITIONS 1980

FIGURE G2-1
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APPENDIX Hl

WATER QUALITY DATA

Information will become available upon compilation of sampling data from

Royal Scientific society regarding Seil Zarqa and King Talal Reservoir.
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APPENDIX 82

Water reclamation potentials for the Greater Amman Area that may be

considered are:

o Landscape irrigation

o Recreational impoundment

o Agricultural irrigation

o Body contact recreation and spray irrigation

o Industrial applications

The primary quality ctiteria listed hereinunder are those of the California,
State Department of Health.

LANDSCAPE IRRIGATION

Table H2.1 presents California State Department of Health reuse criteria

for landscape irrigation. Because of the critical shortages of water in

Jordan, it is doubtful that much priority can be given to developing
large-scale landscape irrigation works. There is very little public

urban area devoted to parks or other areas plant~d to grass and for

shrubs. Few private homes have these amenities either. It has not been

customary in water-short Jordan to do so. Even if there already were

parks, golf courses, cemeteries, and freeway landscaping in existence,

it is not always economical to substitute reclaimed water for potable

water for their irrigation as has been demonstrated in a recent compre

hensive study in Orange ~nd Los Angeles Counties in Southern California. 1

It was found that favorable circumstances regarding convenient clustering

of potential users had to be present to make such a water reule appli

cation economically attractive.

Landscape irrigation results in the consumptive use via evapotranspiration

of a large portion of the applied water. In view of water shortages, it

is questionable whether much of this ~an be afforded in Jcrdan. Neverthe

less, there will be a need for more public amenities, particularly in

Amman, as Development continues. Thus, in isolated instances, landscape

irrigation may become a factor in the long-range future. Hence, criteria

in Table H2-l are presented.
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Reuse

TABLE H2-l

CALIFORNIJ\ STATE DEPARTMENT OF HEALTH

REUSE CRITERIA FOR LANDSCAPE IRRIG1tTION2,3

Required Treatmenta
AllowablebColiforms
(MPN/lOO ml)

Golf courses, cemeteries
freeway landscaping and
landscaping

Parks, playgrounds, and
schoolyards

Bio-oxidation, disinfection

Bio-oxidation, coagulation/
clarification, filtration,
disiIllfection

Sprimary effluent must not contain more than 0.5 milliliters per liter per
hour of settleable solids. Filtration must provide an effluent with a
turbidity that does not exceed an average of 2 turbidity units and does
not exceed a maximum of 5 turbidity units. Alternative methods of treat
ment may be accepted if the applicant demonstrates to the satisfaction of
SDH that they will assure an equal degree of treatment and reliability.

bMedian as determined from results of last 7 days for which analyses have
been completed.

cShall not exceed 240 MPN/lOO ml in two consecutive samples.

dShall not exceed 23 MPn/lOO ml in any sample.

H2-2
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RECREATIONAL IMPOUNDMENTS

Table H2-2 presents California State Department of Health criteria for

recreational impoundments. There are no recreational impoundments

within the Greater Amman Area, yet this type of amenity is something that

could be a public benefit in a large urban area such as Amman. There has

already been discussion of a potential recreational impoundment at Wadi

Abdoun, combining natural runoff and reclaimed wastewater. 4 A possible

wastewater treatment plant in the Wadi Abdoun area has been discussed. 5

The Lord Mayor of Amman is very much interested in public amenities for

the people of Amman, including the possibilities of a recreational im

poundment at some suitable site. 6 Recreational impoundments do not of

themselves consume much water by evapotranspiration. Potential reservoir

sites exist in the hills southeast of Amman as well as in the Wadi Abdoun

area. These might be investigated in greater detail as long-range prospects

for recreational impoundments. Because of costs, possible projects would

have to be carefully evaluated in the light of competing public priorities.

Table H2-2 presents California State Department of Health criteria for re

creational impoundments. Table H2-3 presents existing standards governing

the use of reclaimed water in agriculture. This table includes not only

California State Department of Health but other international authorities

as well.

If it were to be decided at some future time that one or more local recre

ational lakes might be public amenities that would be worth the costs of

treatment and a modest loss of water from the system, then the experiences

of the other agencies elsewhere should be of interest.

Santee Project In Santee, California, a semi-arid community inland

from San Diego, a successful project was developed in a canyon in which

natural sands and gravels had been excavated in a commercial enterprise?

The excavations were converted into a series of small lakes, the lowest of

which served as an oxidation pond for municipal plant primary effluent

(eventually for secondary effluent) with the upper lakes serving for multiple
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TABLE H2-2

CALIFORNIA STATE DEPARTMENT OF HEALTH

REUSE CRITERIA FOR RECREATIONAL IMPOUNDMENTS 2,3

Reuse

Non-restricted access

Restricted to non-body
contact

Landscape-non-contact

Required Treatmenta

Bio-oxidation, coagulation/
clarification, filtration,
disinfection

• Bio-oxidation, disinfection

Bio-oxidation, disinfection

Allowable
Coliformsb
(MPN/lOO ml)

2.2

23

8primary effluent must not contain more than 0.5 milliliters per liter per
hour of settleable solids. Filtration must provide an effluent with a
turbidity that does not exceed an average of 2 turbidity units and does not
exceed a maximum of 5 turbidity units. Alternative methods of treatment
may be accepted if the applicant demonstrates to the satisfaction of SDH
that they will assure an equal degree of treatment and reliability.

bMedian as determined from results of last 7 days for which analyses have
been completed.

cShall not exceed 23 MPN/lOO ml in more than one sample within any 30-day
period.

H2-4
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use recreation. The oxidation pond effluent (3,400 m3/da) was pumped to inter

mittent sand percolation beds ahead of the uppermost recreational lake, and the

per.colate surfaced as rising groundwater and was directed successively into the

four recreational lakes, these averaging 3.3 ha in surface area and providing

about 15 days total flow-through retention. The oxidation pond effluent was

high in ammonium content (41 mg/l) and phosphate (31 mg/l), but the intermittent

sand filtration effectively reduced the nitrogen, phosphorus, and chemical

oxygen demand levels as well as bacterial and viral densities so that, with

chlorination, the microorganism levels were well within acceptable limits and

algal regrowth was not a problem. A popular public fishing program was

developed, and it was determined (after extensive testing) that the fish grown

in the lakes could be consumed without health concerns. Boating and aesthetic

enjoyment are other recreational uses of the lakes. The water loss by evapo

ration from this system was p~obably in the order of 12 percent of the inflow.

Lancaster Project In the high desert community of Lancaster, California,

municipal wastewater ~7as given primary treatment followed by a large oxidation

pond.
8

The primary effluent was high in phosphate, ammonia nitrogen, COD,

and organic nitrogen, all of which supported the oxidation pond algae. The

oxidation pond greatly reduced the bacterial and viral densities of the influent

and stabilized the flow through oxidation. However, the phosphate and ammonia

contents of the effluent were inversely proportional to the metabolic activity

of the algae, which is highest during the summer and lowest during the winter.

Inasmuch as it was desired to use the effluent stream as makeup water for a

proposed recreational lake pilot plant, experiments were coqducted to deter

mine the additional treatment necessary to provide low turbidity and phos

phate levels suit.able for the proposed recreational lake. As a result of

these studies, the tertiary plant that was built and operates successfully

comprises. alum coagulation flocculation, sedimentation, dual media filtra

tion, chlorination, and chlorine contact. This process clarifies the water

less than 5JTU and reduces the total phosphate to a point below the algae

regrowth threshhold level of 0.5 mg/l. The recreational lake, thus supplied

is widely used by the public for boating, fishing, and aesthetic enjoyment.
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AGRICULTUR~ IRRIGATION

Table H2-3 presents California State Department of Health criteria for

agricultural irrigation. Table H2-4 presents standards governing the use

of reclaimed water in agriculture. This latter table includes not only

California State Department of Health but other international authorities

as well. Table H2-S presents guidelines for interpretation of quality of

water for irrigation.

With respect to both landscape and agricultural irrigation, it is important

to consider the chemical parameters of the water that affect plant growth

and survival, soil conditions, and the underlying ground water. The chemical

parameters of major importance are salinity, sodium adsorption ratio (SAR)

and the concentrations of specific ions known to have toxic effects on plants.

These parameters interact with each other and with local conditions such as

soil permeability, plant types and irrigation practices such that there is no

absolute standard by which their combined effect can be evaluated. The

University of California Cooperative Extension guidelines9 presented in

Table H2-S do, however, provide a useful and widely accepted guide for eval

uating the suitability of irrigation water and identifying areas of potential

concern. The general significance of salinity, sodium adsorption ratio,

specific ion toxicity, and trace constituents ~ discussed below.

Salinity

Salinity is a vital consideration for irrigation waters. 1.f the salinity

exceeds the level of tolerance for a specific plant, osmotic regulation by

the root membrane will inhibit the adsorption of water. The plant will then

dehydrate and wilt even though the soil shows an apparent excess of moisture.

The salinity of irrigation water is commonly reported in electrical conductiv

ity units (EC) or total dissolved solids (TDS.) The reclaimed water source

in the study area has a TDS of approximately 600-800 mg/l which corresponds
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TABLE H2-3

CALIFORNIA STATE DEPARTMENT OF HEALTH
CRITERIA FOR AGRICULTURAL IRRIGATION 2,3

Reuse

Spray Irrigation of
Food Crops

Surface Irrigation
1) Food Crops
2) Orchards, vineyards

Fodder, Seed and Fiber
Crops

Required Treatmeuta

bio-oxidation, coagulation!
clarification, filtration,
disinfectiun

bio-oxidation, d~sinfection

primary effluent

primary effluent

A1J.owablebColiforms
(MPN/ 100 ml)

2.2

aprimary effluent must not contain more than 0.5 m1/1/hr of settleable
solids. Filtration must provide an effluent with a turbidity that does
not exceed an average of 2 turbidity units and does not exceed a maximum
of 5 turbidity units. Alternative methods of treatment may be acceptable
if the applicant demonstrates to the satisfaction of SDH that it will
assure an equal degree of treatment and reliability. Exceptions to quality
requirements for irrigation of food crops may be considered by SDH where
crop must undergo extensive commercial, physical or chemical processing
sufficient to destroy pathogenic agents before it is suitable for human
consumption.

bMedian as determined from results of last seven days for which analyses
have been completed.

cSha11 not exceed 23 MPN/IOO m1 in more than one sample within any 3-day
period.

dprovided no fruit is harvested that has come in contact with the irrigating
water or the ground.
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TABLE 112-4

EXISTING STANDARDS GOVERNING THE USE OF RECLAIMED WATER

IN AGRICULTUREa

.. . b
Cal~forn~a South Africa Federal Republic

of Germany

::a::
N
I

00

Orchards and vineyards

Fodder, fiber, and
seed crops

Crops for human
consumption that
will be processed
to kill pathogens.

Crops for human
consumption in a
raw state

Primary effluent
or better; no
spray irrigation;
no use of dropped
fruit

Primary effluent;
surface c. spray
irrigation.

For surface irri
gation, primary
effluent. For
spray irrigation,
disinfected
secondary effluent
(no more than 2.2
coliform organisms
per 100 ml).

For surface irriga
tion, no more than
2.2 coliform organ
isms per 100 mI.

1-

.er
2

Tertiary effluent,
heavily chlorinated
where possible. No
spray irrigation.

Tertiary effluent.

Tertiary effluent.

No spray irrigation
in the vicinity.

Pretreatment with
screening and
settling tanks. For
spray irrigation,
biological treatment
and chlorination.

Irrigation up to 4
weeks before harvesting
only.

Potatoes and cereals-
irrigation through
flowering stage only.
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TABLE H2-4 (Cont'd)

a
Except for California. the standards are taken from the VBB report~O

b
"California Department of Health Wastewater Reclamation Criteria."



TABLE H2-5

UC COOPERATIVE EXTENSION GUIDELINES FOR INTERPRETATION

OF QUALITY OF WATER FOR IRRIGATION
Water Quality Guidelines8

Increasing
Problems and Related Constituent No Problems Problems Severe

S I ' , ba lnlty

EC of irrigation water, umo/cm

Permeabili ty

EC of irrigation water, ulno/cm.
SAR

Specific ion toxicityd

From root adsorption
Sodium (evaluate by SAR)
Chloride

meq/l
mg/l

Boron

From foliar adsorptione

(Sprinklers)
Sodium

meq/l
mg/l

Chloride
meq/l
mg/l

Miscellaneous f

NH
4
as N

mg/l for sensitive crops
HC0 3 (only with overhead

- sprinklers)
meq/l
mg/l

pH Normal range 6.5 - 8.4

750

500
6.0

3

4
142

0.5

3.0
69

3.0
106

5

1.5
90

750-3,000

500-2,000
6.0 - 9.0

3 - 9

4 - 10
142-355
0.5 - 2.0

3.0
69

3.0
106

5 - 30

1.5 - 8.5
90 - 520

3,000

2,000
9.0

9

10
355

2.0-10.0

30

8.5
520

alnterpretations are based on possible effects of constitutents on crops ~nd/
or soils. Guidelines are flexible and should be modified when warranted by
local experience or special conditions of crop, soil, and method of irrigation.

bAssumes water for crop plus needed water for l~aching requirement (LR) will be
applied. Crops vary in tolerance to salinity. Refer to tables for crop toler
ance and LR. The mho/cm x 0.64 • approximate total dissolved solids (TDS) in
mg/l or ppm.
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TABLE H2-5 (Cont'd)

CSAR (sodium adsorption ratio) is calculated from a modified equation
developed by u.s. Salinity Laboratory to include added effects of
precipitat~on and dissolution of calcium in soils and related to C03+ HC0 3concentratlons.

~ost tree crops and woody ornamentals are sensitive to sodium and chloride
(use values shown.) Most annual crops are not sensitive (use salinity
tolerance tables.) For boron sensitivity, refer to boron tolerance tables.

~eaf areas wet by sprinklers (rotating heads) may show a leaf burn due to
sodium or chloride adsorption under low humidity/high evaporation conditions.
(Evaporation increases ion concentration in water films on leaves between
rotations of sprinkler heads.)

fExcess N may affect production or quality of certain crops; e.g., sugar
beets, citrus, avocados, apricots, etc. (1 mg/l N0 3 as N r 2.72 lbs.
N/ac-ft of applied water.) HC0

3
with overhead sprinkler irrigation may

cause a white carbonate deposit to form on fruit and leaves.
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to an EC of around 1,500 micromhos(centimeters (mho/em.) This level of

salinity would be classified in the mid-range of values termed "increasing

problems" in the u.s. Cooperative Extension Guidelines. The hazard of

moderate salinity levels such as these can be operationally controlled by

leaching. This washes salts below the root zone before toxic accumulations

can occur.

Sodium Adsorption Ratio (SAR)

SAR is ~ criterion de~ )loped by the u.S. Salinity Laboratory for evaluating

the sodium hazard in water. It measures the ratio of sodium to divalent

magnesium and calcium cations in the soil and is calculated as follows:

Water Reclamation Regulations and Criteria

V +
SAR .. Na

(Ca...... + Mg......)/2

(concentration in milliequlvalents per liter)

In the proper ratio, calcium and magnesium in the soil indicate that the soil

will be granular in texture, easily worked and permea.ble. With increasing

proportions of sodium the soil will tend to become less permeabl.e and water

logging may occur.

An adjusted equation for the SAR includes the effect of precipitation or

dissolution of calcium in soils and the content of carbonate (C03) and bi

carbonate (HC0
3

) alkalinity in the water.

Specific Ion Toxicity

Boron toxicity in mau~ areas can be t~aced to the use of irrigation waters

with a boron concentration in excess of 1 mg/l. At the present time there

is no economically feasible method of removing boron from irrigation water.

Similarly, there is no chemical or soil amendment which can economically be

added to the soil to render it nontoxic. However, marginal problematic

boron, like salinity concantrations, can be alleviated somewhat by irrigating

slightly in excess of plant consumptive use. Overall, boron concentrations

in wastewater may be -influenced by use of cleaning compounds.

H2-l2
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Chloride ions are known to have toxic pffects on plants, particularly on woody

perennial shrubs and fruit trees. Table H2-5 shows increasing problems of

foliar deterioration and leaf scorching for chloride concentrations between

142 and 355 mg/l, if the ions are adsorbed by the roots, and for concentrations

above 106 mg/l if spray irrigation is used and the ions adsorb to the leaves.

While sodium may be beneficial to plants in small quantities, similar leaf

scorch observations have been made for irrigation waters high in sodium.

Adequate. care should be exercised in potential reuse studies to prevent sodium

toxicity problems.

Trace Elements

In addition to the major chemical quality requirements, numerous trace elements

in reclaimed water may affect plant growth. Recommended maximum concentrations

f · l' . . . d' bl 2 6 11o var10US trace e ements 1n 1rr1gatlon water are presente 1n Ta e H - •

BODY-CONTACT RECREATION AND SPRAY IRRIGATION MODES OF REUSE

The California Departmentd Health has issued criteria for irrigation and

landscape or recreational impoundments. The Department has three levels of

Health control criteria that cover water reclamation applications, and they

cover che areas of treatment process, treatment reliability, and delivery

system design, such as separation from potable distribution systems and pro

vision of back flow prevention. For body-contact recreation and spray irriga

tion modes of ~~use, the Department is particularly concerned about virus

disease transmission and prescribes various secondary treatment, chemical

coagulation, filtration, and disinfection criteria, based upon the so-called

"Pomona Virus Study. ,J2 Inasmuch as these details are not likely to be of

early application in Jordan, the criteria are not reproduced herein.

H2-13



Element

Water Reclamation Regulations and Criteria

TABLE H2-6

RECOMMENDED MAXIMUM CONCENTRATIONS OF

TRACE ELEMENTS IN IRRIGATION WATERS 11

M • C • aaXlmum oncentratlon
For Waters Used For Use up to 20

Continuously Years on Fine
All Soil Textured Solids

of pH 6.0 to 8.5

Aluminum (AI) 5.0
Arsenic (As) 0.10
Beryllium (Be) 0.10
Boron (B) 0.75

Cadmium (Cd) 0.010
Chromium (Cr) 0.10
Cobalt (Co) 0.050
Copper (Cu) 0.20

Fluoride (F) 1.0
Iron (Fe) 5.0
Lead (Pb) b 5.0
Lithium (Li) 2 ~'.:;;

Manganese (Mn) 0.20
t-Iolybdenum (Mo) 0.01
Nickel (Ni) 0.20
Selenium (Se) 0.02

Vanadium (V) 0.10
Zinc (Zn) 2.0

20.0
2.0
0.50
0.0.5

0.05
1.0
5.0
5.0

15.0
20.0
10.0
2.5

10.0
O.Osc
2.0
0.02

1.0
10.0

~xpressed as milligrams per liter. These levels will normally
not adversely affect plants or soils. No data available for
mercury, silver, tin, titanium, tungsten.

bRecommended maximum concentration for irrigation of citrus is
0.075 mg/!.

cFor only acid, fine te~=tured soils or acid soils with relatively
high iron oxide contents.
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INDUSTRIAL APPLICATIONS

There is no comprehensive list of quality requirements for specific industrial

applications. This is due in large part to the variation in water use applica

tions from plant to plant or even within a single plant, for similar processes.

There is no "typical" application. A second factor which handicaps attempts to

place tolerance on limits of water constituents in industry may be tolerated

is that the question is rarely addressed in practical operations. Industries

for the most part utilize drinking quality water, with treatment utilized if

a specific problem develops. Such treatment usually removes all or the majority

of the offendinu constituent(s) and so a level of tolerance is never identified.

The widely published 1972 National Academy of Sciences Industrial Water Criteria

values ll often serve as a basis for quality evaluation. They are sometimes

modified by more recent observations and experience. In the Greater Amman Area,

there are no obvious industrial reuse applications evident. In the Los Angeles

and Orange Counties, California, it was found recen~ly that industrial

demand for reclaimed water was largely for cooling but sometimes for

process work in electroplating rinse 'tanks, paper making, carpet making

and other '~wet" industrial applications. I It would require a market

survey and special feasibility studies in the Greater Amman Area to

determine if such possibilities might exist in select areas in the future.

This type of activity could be consid~red for future years.

H2-lS
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Article!. OfoJinitions

iOJOl. Definiti;;IIlSo (a) Reclaimed Water. Reclaimed ~-ater

means water which. as a result of treatment of domestic wastewater. is
suitable for a direct beneficial use or a controlled use t~t would not
otherwise occur.

(b) Reclamation Plant. ReclamatiiJn plant means an arrangement
of devices. structures. equipment. processes and controls which pro
duce a reclaimed water suitable for the intended reuse.

(c) Replatory Acencr. Regulatory agency means the California
Regional Water Quality eoatrofBoud in whose jurisdiction the recla
mation plant is located.

(d) Direct Bcaef'lCial Die. Direct beneficial use means the use of
reclaimed water which has been transported from the point of produc
tion to the POL"}t of use without .n intervening discharge to waten of
the State.

(e) Food Crops. Food crops mean an)' crops intended for human
consumption.

(0 Sllray Irrigalion. Spray irrigation means application of re
claimed water to crops by spraying it from orifices in piping

(g) Surface Irrigation. Surface irrigation means application of re
claimed water by means other thiln spraying such that ("oulact bctw<~~
the edible portion of any food crop and reclaimed water is pr("~'ented

(h) Restricted Recreational Impoundment. A restricted recrea·
tional impoundment is a body of reclaimed water in which recrealion
is limited to fishing, b03ting. and olher non·body·ronta("1 water renea·
tion activities

(i) Nonrestricted Recreational Impoundment. ." nonrt"stricted rec
reational impoundment is an impoundment of reclaimed waler in
which no limitaliuns are imposed on bodr-eontact water sport actinhes.

(j) Landscape Impoundment. A landscape Impoundment is a body
of reclaimed water which IS used for a{'stheliC t"nJoYlllcnl or which
otherwise serves a function not intended to inrlude p'lblic contact

(k) Appro~-ed Laborator)' Methods. Afprm-ed laborato.}- methods
are those specified in t~e latesl edition 0 "Standard Melhods for the
Examination of Water and Wastewater", prepared and publishedjoJint
Iy b~' the American Public Health Association. the American Water
Works Association, and the Water Pollution Control Federation and
which are conducted in laboratories approved by the: State Department
of Health.

(I) Unit Process.. Unit process means an individual stage in the
wastewater treatment sequence which performs a major 5ingle treat
ment operation.
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(y) Standby o.lorinator. A standby chlorinator means a duplicatechlorinatGi" for recl~ationplants ha"'ing one chlorinator and a duplicate of the largest unit for Plants having multiple chlorinator units.
(z) Multiple Point Chlorination.. lfultiple point chlorinationmeans that chlorine will be applied simultaneously at the reclamationplant and at subsequent chlorination stations located at the use areaand/ar some interniediate point. It does not include chlorine application for odor control purposes.
(a) Alarm. Alarm means an instrument or device which COIitinuousIy monitors a specific function ofa treatment p.-ocess and automatically gives warning of an unsafe or undesirable condition by meDlS ofvisual and audihle signals.
(bb) Penon. Person also includes any private entity. city. county.district. the State or any department or agency thereof_
Nan: Authority ciled Se<:tion tffl. Heallh and Safely Code and Scctlao Imt.WaterCode, Rd"erence: ~ion lJS2t. Waler c..de.
Hid",," I N~w Oupl~r 4 III 1iIOO1~. not ('OnS«U!i"e) liIed 4-i-n.. dr"cli\'ethirllclh day Ih"re~'cr IRcglSlcr 7S. No t41

Article 2. Irrigation of Food Crops
6000.1. Spray Irrigation. Reclaimed waler used for the spra~· irrigation of food crops shan be at al! timcs an adequatel}' disinfected. oridized. coagulated, clarified. filtered wastewater. The ",,"aste~'atershallbe considered adequately disinf('cted if at sqme location in the trealment process the median number of coliform organisms does not exceed 2.2 per 100 milliliters and the number of reliform organisms doesnot excet"d 23 per 100 mill.lat.,rs in more than one sample ",ithin an}'3O-d<lY period. lOt: med.an value shall be detcrmined from thE' bacteriological results of the last 7 du)'s for which analyses ha"'e been completed.

60305. Surface Irrigation. <a> Hedaime-d water used for surfaceirrigation of food crops shall be at all times an adequately disinfected.oJ<idized wastewatcr. The wastewat("r shall IJf> comidered adequatelydisinfected if at some location in the treatment process lbe mfiiaannumber ofcoliform organisms does not exceed 2.2 per 100 millilit~rs. asdetermined from the bacteriological results of the last 7 days for lA'hichllRalyses have been completed.
(b) Orchards and vineyards may be surface irrigated with reclaimedwater that has the qualit)· at least equivalent to that of primary emuentprovided thai no fruit is harvested that has come in contact ""ith tbeirrigating water or the ground_
60J07. Exceptions. Exceptions to the quality requirements for reclaimed w:ller used for irrigation of food crops mal' be considered b)'the State Department of Health on an indh'idual case basis where thereclaimed water is to be used to irriga~e'a food crop which mlb"t andergo ~densivecommercial. physical or ehemical proces.sing sufficient todestroy pathogenic agents before it is suitable for human consumption,
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(m) Primary Effluent. Primary efI1uent is the emuent from awastewater treatment process which provides removal ofsewase solids
10 that it contains not more than ~.s milliliter per liter per hour ofsettleablc solids as determined by an approved laboratory method.

(n) Ollidized Wastewater. Ollidized wastewater means wastewaterin which the organic matter has been stabilized, is nonputresc:ible. andcontains dissolved ollygen.
(0) Biological Treatment. Biological treatment means methods ofwastewater treatment in which bacterial or biochemical action is intensified as a means of producing an oxidized wastewater.
(p) ~condarySedimentation. Secondary sedimentation meant theremm..al by gravity of settleable solids remaining in the effluent afterthe biological treatment process.
(q) Coagulated Waslewatl'r, C.aagulated wastewater means olli.dizcd wastcwater in ,,'hich colloidal and finely divid~d suspended matter hJve been dl'~labilizedand agglomeratcd by the addition ofsuitableOoc-forming chemicals or by an equally effective method.
(r) Filtered Wastewater, Filtered wastewater means an oxidized.coagulatt'd, clarified ""astewater which has been passed through natural undisturbed soils or filter media, such as sand or diatomaceous earth.so that the turbidity as deterwined by an approved laboratory methoddoes not exceed an average operating turbidity of2turbidity units anddoes not eAcced 5 turbidity units more than S percent ofthe time duringany 2-1-hour period.
lsI Di~infccted Wastewater. Disinfected wastewater means wastewater in \~h.ch the pathogenic organisms hue been destro}'ed bychemical. physical or biological means.
(t) Multiple Units. Multiple units means two or more units of atreatment process which oper<lte in parallel and sen'e the same function.

(u) Standby Unit Process. A standby unit process is an alternateunit process or an equivalent alternative process which is maintainedin operable condition and which is capatile of providing compaabletreatment for the entire design Oow of the unit (or whicli it is a substitute.

(".) Power Source. Power source means a source ofsupplying enerflY to operate unit proces.ses.
(w) Standb)' Power Source. Standby power source means an automatically actualL'd sdf·starting alternate energy source maintair.ed inimuwdiately operable condition and of sufficient capacity to providenect'ssarr sen'ice during failure of the normal power supply.
(x) Standby Replacement Equipment. Standby replacementequipment means reserve paru and equipment to replace brokendown or worn'out units which can be plaCed in operation ",ithin a24·hour period.

::I:
W
I
~



1604 SociAL SECURITY TITLE 22
IRegil'et 15. No.•• -45-151

TITLE 22 E~VIRO"'ME:-'T"I. IlEALTII
IAeg,"'.r 15. No. 14-"5-151

1600

:l:
w
1

VI

Article J Irrigation of Fodder. FibPr, and Seed Crops

60109. Fodder. Fiber. and Seed Crops. Reclaimed water used for
the surf.lce or spray irrigation offodder, fiber. and seed crops shall have
a level of qualit)· no les~ than that of primary eflluent.

60311. P..sture for Milking Animals. Reclaimed water used for the
irrigation of pasture to which milking cows or goats have access shall
be at all tunt's an adequately disinfected. oxidized wastewater The
wastewater shall be considered adequately disinfected if at some loca
tion in the treatment process the median number ofcoliform organisllls
does not exceed 23 per 100 milliliters. as determined from the bacterio
logical results of the last 7 days for which analyses have been completed.

Article 4. Landscape Irrigation

60313. Landsc:ape Irrication. Reclaimed water used for the irriga
tion of golf COUrK'5. cemeteries. lawns, parks. playgrounds, freeway
lilmdscapes. and landsc:ajJCs in other areas where the public hu acceil
shall be at 0111 tillie'S an adequately disinfected, ollidized wastewater. The
wastewater shall be considered adcqU<ltcly disinfected if ;:t some loca·
tion in the treatment process the median number ofcoliform organisms
does not exceed 2J per 100 milliliters, as determined from the bactt'rio
logical results of the last 7 days for which analyses have been completed.

.\rticle 5. Recreational Impoundments

60315. :'I:onrcstricted Recreational Impoundment. Reclaimed wa
ter used as a source of supply in a nonrestricted recreational impound
ment shall be at all times an adequately di~infected, oxidized,
coagulated. c1arifi('d, filt('red wastewater. The wastewater shall be con·
sidt.>h.'d Olite-quately disinft:'ded if at some location in the tr~atment
process the median number of coliform organisms does not exceed 2.2
per 100 milliliters and the number of coliform organisms docs not ex
ceed 23 per 100 milliliters in more than one sample within any 3O-day
period. The median value shall be determined from the bacteriological
results of the last 7 days for which analyses ha"'e Deen completed.

60317. Restricted Recreational Impoundment. Reclaimed water
used as a source of supply in a restricted recreational impoundment
shall be at all times an adequately diSinfected, oxidized wastewater. The
wastewater shall be considered adequately disinfected if at some loca
tion in the treatment process the median number ofcoliform organisms
does not e.ceed 2.2 per 100 milliliters. as determined from the bacterio
logical results of the last 7 days for which analyses have been completed.

60319. IAndsc:ape .Impoundmeat. Reclaimed water used as a
source of supply in a landscape impoundment shaD be at all times an
adequately disinfected. oudi%ed wastewater. 1be .-ewater shall be
consIde..ed adequately disinfected itat tome location in the treatment
pl'oceu the mediua number 01 coIiCana ow.UliImI does act aceec! D

C 100 IIIiUilit~n. u detennined &am the tiac:teriokP .. resu1tI olthe
7 clap for which .....,...have beea completed:

Article 6. Sampling and An,ll}'sis

6OJ21. Slimplinr.t and Analysis. (a) Samples for settleable solids
and coliform bacteri:J., when' require'd. shall be colleckd at I.'ast dall)'
and at a lime wht'n w;lsle-walcr charactenstics are most d.'manding on
the trt.>atllll'nt faciliti.'s alllI disinf~clion procedures. Turbidit)' an.u)"Si§.
where required. shall be performed by a continuous recording tur
bidimeter.

(b, For uses requiring a le"'el of quality no greater than that of
primary ..ffluent, S;llIIplt·S sh;lll be anal)'ze'd by an apprm'ed lahorator)'
methOd of settleable solids.

(c) For uses requiring an adequately ·disinfected. oxidized waste
water. samples shall be analyzed by an apprm'ed laboratory method for
coliform bacteria content.

(d) For uses requiring an adequately disinfected, oxidized. coagulat
ed, clarified. filtered wastewater. samples shall be ana1)-zed by ap
pro"'ed laboratory methods for turbidity and coliform bacteria content.

."rtlde 7. Engineering Itt-port :lnd O~ratlonalRequirements

6OJ2J. Engineering Report. (a) No person shall produce or supply
reclaimed water for direct reusc from a proposed water reclamation
plant unless he files an engineering report.

(b) The report shall be prepared by a properly qualified engineer
registered in California and experienced in the field of wastewater
treatment, and shall contain a description of the design of the proposed
reclamalion system. The report shall c1earl)" indicate the means for
compliance ,~;th these regulations and an}' other features specified by
the regulatory agency.

(c) The report shall contain a contingency plan which ",in assw'e
that no untreated or inadequately-treated wastewater will be delivered
to the use area.

60325. Personnel. (a) Each reclamation plant shall be pro,,;ded
with a sufficient number of qualified personnel to operate the facility
effectiveh' so as to achie"'e the required level of treatment at all times.

(b) Qualified personnel shall be those meeting requirements estab
lished pursuant to Chapter ~ (commencing with Section 13625) of the
Water Code.

60321. Maintenance. A preventive maintenance program shall be
provided at each reclamation plant to ensure t~t aU equipment is kept
m a reliable operating condition.

60329. Operatin& Records and Reports. (a) Operating recmds
shall be maintained at the reclamation plant or a central depositocy
within the opentina qency. These sbaIllndude: all anaIY2I sPecified
in the reclamation criteria; reconls 01 opentiooal pi Hem- plant~
equiplD!llt b.-eakdowu. and diwnioaa tD etDei&eDCY Ib:Jn&e ow ...... all canecti¥8 _ pnventmt &etiaD labia.



(b) Process or equiplllf'ut failures triggering an alarm shall be reocorded and m,unlain('d as a separate record file. The recorded information shall include the time and cause of failure and correcti\'e action
taken

(c) A monthl)- summary of operating records as specified under (a)of this section shall be filed monthl)' with the regulator)' agenq.(d) An)' discharge of untreated or partially treated wastewater tothe use area, and the cessation of same. shall be reported immediatelyby telephone to the regulatory agency. the State Department of Health.and the local health officer.
60331. Bypass. There shaU be no bypassing of untreated or partially treated wastewater from the reclamation plant or any intermedi·ate unit processes to the point of use.

Article 8. General Requirements of Design
601U. Fle.ibility of Design. The design of process pipinl. equipment arrangement. and unit structures in lhe reclamation plant mustallow for t:ffiClcncy and convenience in operation and maintenance andprovide flexibility of operation 10 permit the hi~hest possible degree oftreatment to Lc outainC'd uuder varylllg circulIlstances-
60335, .o\lalllls. (a) Alarm device5 required for various unit processes a5 specified in olher seclions of lhese regulations shall be installed

to pl"Ovide warning of:
(I) Loss of power from the normal power 5upply.
(2) Failure of a biological treatment process_
(3) Failure of a di5infcction process.
(4) .'ailure of a coagulation process.
(s) Failure of a filtration process.
(6) An)' olher specific pl'ocess failure for which warning is re-

quired by the regulatory agency.
(b) All required alarm devices shall be independent of the normalpol4er 5upply of the rec!amation plant. .(c, The person 10 be warned slWl be Ihe plant o~rator, superintendent. or any other re5ponsible person designated by the manaaement of the reclamation plant and capable altaling prompt conective

action,
(d) Individual alarm de\'ices may be connected to. maste.. alum tosound at a locatioa where it can be conveniently observed by the attendant. In case the reclamation ~t is not attended (uD time, thealarm(s) shaD be conaec:ted to soUnd at a police station, me station 01'other ruU·time service unit with which arranlements have been rudeto alert the perIOD in charae at times that lhe reclamation plant isunattended.
8D.1I. P..... SupplJdMre jJOW« supply shall .. pnwiW withane 01 the foIIowiq r . . '., features:
(a) Alarm and stindby POwel' soun:e.
(b) AlanD ..... automaNeally actuated short-term retealioD 01' paul pnavisioal u tpeCifiecI in Sectioa fDNl.(c) Autom.ticaD, actuated .....-tenIa ..... 01' d..... prow' . M

• ...,=i8ecl fa 5ecIiaa ac•.
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Article g. Allernali'-e Reliabilily R£"quiremenls for
Uses Permitting Primar}' Flfluent

6OJ39. Primary Treatment. Redallulioll planls producing reclaimed waler exclusive!)' for uses for which prim.ur efnuent IS permitted shall be provided with one of the Eollowiug rebablltt)- features:(a) Multiple primar)' treatment units capable of prodUt:ing primaryerouent with one unit not in operation.
(b) Long-term storage or disposal provisionS as specified in &clion60341.

Arlicle 10. Alternative Reliability Requirements lor Uses RequiringOridized, Disinfected Wastewater or Ql[idized. CoaguialefJ.
Clarified, Filtered. Disinfected Wastewater

60341. Emerlency Storace or Disposal. (a) Where soort-teon relention or disgosal provisions are used as a reli..bility feature the5e shallconsist of fadlities resen'ed for the purpoliC' of Ilurin. or JilP"~JIl.gfuntreated or ~rtially tre:ued wastewater for at l~il5t iI 2~·oour perlud_The facilities shall include all the necess:ar) di\cnion de'-ices. provi
5ior.~ for odor control. conduits. and pumpill~ and pump bad. eqUIpmcut. :\il of the ('(luipllll'lIt olher than lh., pUIllP lucL:- ~'qlliplllrlli ~hallbe either independent of the norinal power sUl'pl)" or pro'-idt.>d with astandby power source.

(b) Where long-term storage or disposal prO\isions 3re used as areliability feature, these shall consist of ponds. reser,,'oirs. percolationareas. downstream sewers leading to other treatment or disposal facilities or any other facilities reserved for the purpose of emergenc)" storage or disposal of untreated or partially trealed waste\Y~ter. Thesefacilities shaD be of sufficienl capacity to provide dispo5.'l1 or 5torage ofwastewater for at least 20 days. and shall include all the necessarydiversion works. provisions for odor and nuisance control. conduits.. andp'umping and pump back equipmenl. All of the equipment other thmthe pump back equipment Shall be either independent of the normalpower supply or provided with a standby po",'er source.(c) Diversion to a less demanding reuse is an acceptable altemati"'eto emergency disposal alpartially treated wasle",...ter pl"O"'ided that thequality of the partially treated wastewater is suit~ble for the less de'manding reuse.
(d) Subject to prior approval by the I"egulatocy agency. diversion to• discharge point which requires Iessa quality of wastewater is anacceptable alternative to emel1leocy disposal ofputially treated wastewater.
(e) Automatically Ktuated short"'erm retention 01' d:isposzl pro1lilions and autamaticaJly actuated ......ema st~e <II' cfisPosaI ~1Iilions shall include. iD jdcfition to pnMIiaas 01 (a). (b)r (c:), 01' (d) 01this sectioa. aU the uec ''Y .......·iastlwDcnls, ¥uva aDd otha'dew. to eaabIe Wr automaIie diveniall of UIltrealed 01'~treated wutewaaer to ................~ stanee or disposIl in theeveat of Wure ole treatment pi ~ • a man'" raet top~tNet etje NIDIt .-IiI the ..... II CDII'edell

------------
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60343. Primary Treatment. All prim'If)' treatment unit processesshall be provided with one of the following reliability features:
(a) Multiple primary trealment units capable of producing primarye(Ouent \\ ilh one unit not in operiAtion.
(bl Standb)' primary treatment unit process.
(c) Long-tenn storage or di~posal pro\·isions:
fiO:US. Bioiocieal Treatment. ."11 biological treatment unit processes shall be provided ","ilh one of the following reliability features:(a) Alarm and multiple biological treatment units capabl~ofproducing eKidized wastewater with one unit not in operation.
(b) Alarm. short-term retention or disposal provisions. and standbyrE:placement rquipment.
(c) Alarm arid long-term storage or disposal provisions.(d; Automatically actuated long-term storage 01' disposal Pl'ovisions.
iD341. Secondary Sedimentation. All secondary sedimentationunit processes shall be provided With one of the foiloWinl reliabilityfeatures:
fa) Multiple sedimentation units capable of treating the entire nowwith one ullit not in operation. .
(b) St:andhy u-diml"ntation unit ~ss.
(c) Long-term storage or dispogl provisions.
fi(kU9. COiljCulation.
(al All coagulation unit proc('sscs shall be provided With the follow-in, mimdatory features for uuintt"rrupted coagulant feed:

(I) Standby fceders.
(2) Adequate chemical storage and conv~yanc:efacilities,
(3) Adl.'C}uate rc~rve chemical supply. and
(4) Automatic dogge control.

(b) All coagulation unit procesSt'S shall be provided with one of thefOlloWing rdiillJilit)· features:
(I) Alarm and multiple cQagulation units ca~ble of treating theentire flow with one unit lIot in opt'ration;
(2) Alarm. short-term retention or disposal provisions. and standby replacement equipment;
(3) Alarm ilnd long-term storage or disposal Pl'ovisions;
(4) Automiltically actuated long-term storage or disposal provilions; 01
(5) .\Iarm and standby coagulation process.

-as., Filt....... All filtration unit llIoc I shall be providedwith one ollhe foUowi... rdiahility featurel:
(a) Alarm and multiple fdl« uniIIa....ol~tbeentire Rowwith one WIit DOt in opaatiaa.
(b) short-tenD raMe • • dispnuI pi"'.. " ... ......,.epIw I wipeeat

(c) Alarm and long-term storage or disposal pro\isions..td) ....utomatically actuated long-term storage or disposal provisions..;e) Alarm and standby filtratioc unit process.
6035J. D~il1fection.

(a) All disinfection unit processes where chlorine is used ast~ disinfectant shall be provided l'ith the follol'mg fealures for uninterruptedchlorine feed:
(l) Standby chlorine supply.
(2) Manifold systems to conned c:hlotine C)·tinders.
(3) Chlorine scales. and
(4) Automatic de\ic:es Cor switching to full chlorinecy~

Automatic residual control of chlorine dosage. automatic measurin&and recording of chlorine residual, and hydraUlic performance studieimay also be required.
(b) All disinfection unit processes where chlorine is usedas the disinfectant shaD be provided with one 01 the following reUabUUy feaCUfea:

(I) Alarm and standby chlorinator;
(2) Alarm. short·term retention or disposal pro"isions., and sUndby replacement equipment;
(3) AI:arm :and long-term storage or disposal pro"isions;
(4) .\Uionutically actuated long-term storage or disposal pro"isions; or
(5) Alarm and multiple point chlorination" each with independentpower SG<1rce. se~rate c:hlorin:.ttor. and separate chlorine supply_

60355. Ot~er Alternatives 10 Reliabslity Requirea1ealL Other' alternatives to reliab~·-t requirements set forth in Articles 8 to 10 maybe accepted if the a ieant demonstrates to the satisfaction01 the StateDepartment of H th tlYt the proposed alternative will assure iDeqiW degree of reliabiliey.

Article 11_ Other Methods at Treatment
60351. Other MfihocIa oETreatl!lCllt ME!bods ol treatment otherthan those included in this chapter aDd their reiUhility features~ybe~ed if the APPlicant .tern ntralea to the .....mao 01 the SlateDepUtment olllalth abet the...... t. ol tr-tmeqt aacI~r.tura will .-.e aD .......of b toMe'" -did '-'yo



APPENDIX I

DESIGN CRITERIA

'the preparation of a wastewater disposal. master plan requiras consist:ent

crltaria for preliminary designs and cost estimates. The technical

criteria that have been used in this study are summarized in this

Appendix.

WASTEt~ATER COLLECTION SYSTEM CRITERIA

The collection systems being proposed for the Greater Amman Area are

based upon generally accepted or assumed criteria. These design criteria

result from a combination of local practices in Amman, material develop~d

during the study, and generally accepted engineering practices. Although

these criteria are used for determination of future facility requirements

herein, it is nonetheless advisable that periodic review be made to take

into account possible changing conditions as well-as improvements that

may be experienced in engineering technology and construction materials

and practices.

WASTEWATER FLOW RATES

Wastewate~ collection systems must be capable of accepting the wastewater

discharges regardless of diurnal variations. Peak ra,tes of discharge form

the design conditions for lateral and trunk sewers and for sewage pumping

stations and force mains as well. These peak discharge rates may vary

among the components cO'ntributing to flow in the collection system,

notably domestic, commercial, and industrial sources, as well as infil

tration and wet weather inflow.

Hourly variations in domestic wastewater discharges are greatest at times

of greatest household water use -- often mid-morning to early afternoon -

and least during late night hours when most people are sleeping. Indus

trial wastewater flows vary with employee activity and, particularly, with

the processes involved. Commercial flows usually are concentrated during

1-1
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buainoaB houro. Groundwator infiltration flowH have littlu variation

oxcep t seasonally or alJ 11 rOl:lu 1 t of hoavy' rllins torms. In Hutmno r. mon chs,

exfiltration may actually occur, white during ond following wet weathor,

infiltration ia normully gr.eatest. Inflows are from IJtorm runoff and

are discussed separately.

Peaking Factors

It is neither feasible nor necessary in these studies to segregate the

peaking effects of domestic, commercial, industrial, and infiltration

inflows. Rather, an overall system peaking factor is employed that has

been found acceptable for application in many c()Jl)munities and which re

lates peaking factors to size of tributary population.

Figure 1-1 presents a graph relating'collection system peaking factors

to the size of the population being served. The peaking factor is the

ratio between peak hourly flow rate and average daily flow rate. It is

greatest when applied for small tributary populations and vice versa.

The graph was developed by the City of Los Angeles, California, as a result

of extensive experience in flow gaging from many different sized neighbor

hoods and larger areas within the vast sewer network tributary to the

Hyperion Treatment Plant. Trial applications within the AWSA network'

during the course of these studies have indicated that the curve is

correct for the larger values of population and very conservative for the

lower population values. Thus, the curve was deemed appropriate for a

peaking criterion and has been adopted for such purposes herein.

Average Flow Factors

The peaking factor is applied to average daily flows computed from esti

mated populations ~nd per capita values. These latter were derived in

Chapter 5 of this Master Plan Report, and they do not discriminate among

residential, commercial, or industrial uses, inasmuch as no data were

available to permit this. Rather,. they represent overall syst.em values

which reflect all of these uses. As applied for Amman, the mix of these

uses is typical of recently experienced conditions, particularly of dry

weather.

1-2
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It is recognized that some variations occur in unit wastewater production

between high income areas and low income areas. However, except in un

usual circumstances, no effort is made to differentiate between such flows.

Fot example, for the areas specifically tributary to Upper Wadi Abdoun

Treatment Plant, per capita flows were assumed higher than the average

for Amman in order to recognize high income conditions.

Where specific industrial areas producing significant wastewater flows

are known to be a potential factor, an allowance of.09 cu m/da average

flow per dunum of industrial area is made. Otherwise, the industrial

contributions are asaumed included in the system per c~pita flow.

Infiltration

Infiltration effects should be considered in the design of the collection

systems of Greater Amman Area. It is prudent to allow for such an effect

for sizing of sewers and pumping systems. It is not necessary to do so

for treatment plant design, as there is sufficient latitude in the hy

draulic capacity employed there to accommodate both winter infiltration

and summer exfiltration from sanitary sewers.

AWSA personnel have reported only one instance of groundwater being

encountered in a sewer trench during the course of construction of over

400 km of sewers. It is possible that seepage from adjacent cesspools

may have been at least partially responsible for this condition. On

the other hand, most sewer constr~1ction is carried on during dry weather,

so to have a conservative design, an infiltration allowance of 10 cu m/day

per km of sewer laterals is made in system sizing. Most of the laterals

in the collections systems will be of no more than 200 mm diameter, for

which the above value is appropriate. Infiltration, when experienced

(through leaky pipe joints) is uniform in flow rate and is not peaked.

Inflow

Inflow to the sewer s:/stQm is a wet weather phenomenon resulting from

flooding of manholes sufficient to pe~it entry and illicit connections

af roof, yurd, gth@f (non-Ranitary) bul1dins drains, and various external



connections. It has even beon reported that during severe rainstorms,

manhole covers in flooded areas are sometimes deliberately removed to

rel.ieve surface flooding. It is believed that most sewer monholos in

the AWSA system are not only watertight against surface flooding but

also difficult to remove under any circumstances. In fact, this report

recommends improvement of this latter condition for reasons of expediting

proper sewer maintenance.

Inflow to the AWSA system reportedly can be severe at times. Even so,

it is not considered a proper function of a Master Plan Report or Pre

liminary Engineering Feasibility Report to base a design upon inflow

believed to be largely the result of illicit or otherwise unreasonable

connections to the sanitary network. Therefore no specific provision

is made in the design criteria for inflow effects from storm runoff.

It is, however, strongly recommended that a program be undertaken to

remove illicit connections from the AWSA sanitary network and to exclude

them froffi systems not yet constructed.

ENGINEERlNG CRITERIA

For siting of sewers, the following criteria were adopted:

o Pipe flow - full without pressure at peak flow, using the

Manning Formula, with "n" equals 0.013.

o Minimum flow velocity at peak flow - 0.7 m/sec.

o Minimum sewer pipe slope:

Diameter, mm

200
250
300
350
400
500
600
800

'"Slope

0.0043
0.0036
0.0030
0.0024
0.0019
0.0014
0.001'0
O.OOOti

'"These provide the requi.ite scouring velocity. In
noarly all applications, areater slope. than tha••
can be obtainod, due to the steep terrain. It il
advisable that this b. done in order ~o minimi.e
Hulfidu ien8ration.

'1 '
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o Invert changes at junctions and diameter increaaes 

sufficient energy grade line drop to account for hy

draulic losses, in accordance with standard practice.

o Design details, such as separation from water lines and

other matters, should follow the best practice from the

standpoint of reliability, function, and protection of

the public health and safety.

For sewering materials, it was determined that locally produced con

crete pipe materials would be acceptable (see Chapter 6.) ~.trified

clay pipe with plastic joints would be the best possible application,

but it is expensive and not locally produced. Polyvinyl chloride

pipe has been employed with success in some areas in Jordan and could

be given consideration as an alternative to concrete pipe provided

that strict specifications of manufacture, handling, and installation

are required and observed. The cost estimates in this report are based

upon concrete s~wering materials.

For pumping stations and force mains, the following apply:

o Peak hourly flow must still be accommodated with the

largest pumping unit out of service.

o Adequate provisions against flooding of electro-mechanical

equipment must be incorporated.

o Reliable, automatic controls must be provided, responding

to wet well depth.

o Standby power, automatically actuated must be provided,

either as a standby generator, standby engine prime mover,

or standby utility system power 8ufficiently reliable to

prevent more than momentary interruption.

o Force main flow velocities mult be not les8 than 0.9

m/l.c, in order to achieve scouring during flow.

a The belt practice in .tation and force main design will

b. required throughout, in order to Inlure reliability!

function, and lafety for operating perlonnel and the public.

, I
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APPENDIX J

COST ESTIMATING

The purpose of this appendix is to provide the basis on which the estimates

of construction cost for the sewer collection network and sewage treatment

facilities aud related works were prepared.

The sewer line unit costs were taken from the actual low bid submitted on

June 1980 for the Amman Contract 15 • Stage 3B of AWSA.

These unit costs were then realistically projected to Fall 1980 prices, by

adding 5 percent for price increases.

Sewage treatment plant costs for local labor and material items such as

concrete and excavation were dev~loped through discussions with general

contractors operating in Jordan. A major source of information was Gama A.S.

This firm is acting as the general contractor on the recently tendered sludge

facilities at the Ain Ghazal Treatment Plant. Their prices were compared

with other information and used to develop costs for Fall 1980. Where equip·

ment is required, it was presumed to be manufactured in che United States.

Local representatives or U.S. offices were contacted for quotes, and allow·

ances were made for shipping from the United States.

SANITARY SEWER CONSTRUCTION COSTS

In June 1980 bids were opened for Contract 15 - Stage 3B. Inasmuch as all

quantities were establishld on a lump sum basis for each contract drawing,

the unit cost per lineal meter for various sizes on each drawing could not

be determined. Howlvlr, since 91.6 percent of the project consiseed of.
ISO mm di3mater concrete pipe, a reliable co.t figure wa. obtained.

Additionally, the contractor'. itemized breakdown of inltallation and

matlrial COltl for the v.rioul lizil of pipi .1 WIll a. labor co.t. W.I

hllpful.



Installation Costs

Shown below are the various areas in Amman where sewers were installed,

the price per lineal meter for installation (material not included) and

the percentage of 150 mm diameter pipe. Note the significance of the

variation in installation cost per meter from a low of 15.380 to a high

of 24.930 JD's.

INSTALLATION COST OF SEWERS
IN VARIOUS AREAS IN AMMAN

Coet/Meter
'if

% 150 DDD

Area JD Diameter-
Nadif 15.380 92.4

Ashrafiya 17.040 84.6

Jofeh 18.790 93.7

Tadj 16.230 95.7

Nasser 19.080 80.2

M/lhatta 24.930 100.0

Quala 21.040 86.4

Shaleh 19.800 100.0

Averaue 19.036 91.6

'if

Note: ~he cost per lineal meter is for installation only; add 3.96 JD
per meter for material cost and 0.24 JD for staff vehicles.

Project 1S - Stage 3B was bid in the given amounts by category as follows:

Civil works in mainlines and laterals

Civil ~ork in liou..e ~onnection•.

Material supply

Staff vflhic1e8

Total

JD 790,467
. 116',800·

?oOO,7l1

12,000

. 119,978

The houle connectionl were 13 percent of the total project COlt.



Labor Costs

Shown below are the bid rates for several classifications of labor which

were quoted by the successful bidder of lS - Stage 3D:

RATES FOR SEVERAL LABOR CLASSIFICATIONS
PROJECT lS - STAGE 3D

Class of Labor

CODmon laborer

Trench laborer

Trench leve ller

Pipe layer

Carpenter

Steel worker

Vehicle/track drive

Excavator/track drive

Working supervisor

Manhole Construction

Did Rate/hr.
JD

0.624

0.624

0.936

1.040
1.248

1.248
1.144

1.456

1.248

The bids on Contract 15 - Stage 3B for 900 mm diamater manhole. of variou.

depths complete excluding cost of rings and covers are a. follow.:

Depth

0.- 2 m.ter.

\J - 3 I.ter.

o - 4 mater.

o - S meters
o - 6 mater.

, ,132
124
210

320

450



For 1000 mm diameter manholes:

Price/manhole
Depth JD

o - 2 meters lS5
o - 3 meters 165
o - 4 meters 28S

o - 5 meters 410
o - 6 meters 495

For 1200 mm diameter manholes:

Price/manhole
Depth JD

o - 2 meters 275
o - 3 metlrs 290
o - 4 metlrs 370
o - S mIters 4SS

o - 6 matlrl S3S

Manhole rinq. were bid at an averaqe price of 15 JD per rinq. Covers were 45 JD each

for hea\y duty, 40 JD for medium duty, and 25 JD for 1iqht duty, per unit.

B••ld on random .amplin, of 44 manhole. on lS0 mm diametlr sewer line. the
averall dtpth of manholl' wa. dlterminld to bl 1.67 maters.

To dltlrmine thl manho11 .pacinl rlquirld for e.timatinl pUrpo•••• 10

pro~ .helt. of 1atlra1. of Proj.ct 1S - Stall 31 werl randomly .11lctld
aDd ~ ~minld. Av.rall manho11 .pacinl of 60 metlr. wa. obtainld for
latlra1.. For trunk .Iw.r. a .pacin, of 100 • va. thoulht to b. a rla.onab1.

Ulurl to u•••

For •• timatinl the COlt of manho11' on thi. projlct. thl followin, wa.
adoptldl For trunk ••w.r•• 1200 mm diametlr manhole with hlavy dut1
covlr will bl u.ld at an aVlral1 dlpth of 2.5 metlr.. Thl co.t ba.i. i.
310 JD tOi 'a111980. The co.t allow. for a 5 plrclnt inflation ratl oVlr



the present rate; for laterals, a 1000 mm diameter mwnhole with medium

duty cover will be used at an average depth of 1.67 iDeters. The cost

on this basis is 220 JD including the 5 percent inflation rate. This

covers the bulk of the trunk sewers to be provided. For a lateral

sewer spacing of 60 m, this amounts to 3.67 JD/m. For trunk sewer

spacing of 100 feet, it corresponds to 2.20 JD/m.

House Connection Construction

House connections consist of 2 types - wye or tee connections to a lin~

and connections made directly to a manhole.

In Contract 15 - Stage 3B, 2890 connections were bid at 116,800 JD's for

an average of 40.415 JD's per connection. The material cost was 25,892

JD's or 8.959 JD's per connection. The share of the staff vehicles was

1,548 JD, or 0.536 JD per connection.
•

The average total hid C~~ per connection was 49.910 10. However, as ex

plained below, this value of nearly 50 JD per connection is Dot beinl used

for purposes of cost eutimating because it is felt that typical value. may

exceed this appreciably. ~suming a typical street width of 16 m., AWSA

practice now is to have its contractors lay house connection. on either

.ide of the sewer to within 1.5 m of the property line. Thi. means that

the average run of house connection would be half of 13 m or 6.5 m. and

at a cose of about 15 JD/m would correspond to about 98 JD per connection.

Al10winl for some inflation, the unit value for house coanection used in

this report is 100 30.

Sewer Line Con.truction

Sewer line construction COstl were developed for this report b..ed on

those of the IS - Stale 3B AWSA contract of June 1980. The contract

provided the construction cost of 150 mm sewer. inclu.ive of .aterial.

excavatinl, backfillinl. pav.mant removal aDd raplace..nt. Rawever, the

cost for the other sizes of sewer pipe were liven for pipe material only.



.on cost J ~zes other than 150 mm,

the cost of the latter was prorated to take into account the increase in
excavation, backfilling, pavement removal and replacement. In addition

a 5 percent inflation rate was added to establish the Fall 1980 prices.
The construction cust curves are dupicted in Figure J-l.

No curves are given for the annual operation and maintenance costs of

pipe line facilities. These annual costs may be estimated as 0.50 percent

of the construction costs.

Pumping Stations

Shown in Figure J-2 is a cost curve for the construction of a medium

complexity pumping station. The curve relates the unit cost in Jordanian

Dinars per brake HP to the total installed brake HP which itself is a

direct measure of the pumping capacity and total dynamic head. Adjustment
to the curve can be made depending upon alternate power sources, i.e.,

die.el or gas driven, and complexity or multiple phasing.

Maintenance and operating costs for pumping stations shown in Figure J-3

are the sum of (1) power cost. for average daily demand and pumping head,

and (2) "other co.u" of operation and maintenance. Power co.ts are ,based

on a wire to water efficiency of SS percent and an energy cOlt of 39 fils

per kilowatt-hour. "Other COIU" include labor, .upplies, replacement
parts (excluding replacement of major equipment) repairs and administration.

METHODOLOGY FOR SEWER COST ESTIMATES

For trunk sewers within the AWSA primary network, peak flows were deter

mined fraa projected population. and per capita value. in conjunction

with .uitable peakinl factor. and were compared with computed capacitie••

Wherever inadequate capacity wa. dete~ined for any reach, a parallel

trunk lewer wa. e.timated having .ufficient capacity to correct the

deficiency. E.timates were made thu. for both 1990 and 2000 condition••

In thi. manner, .taaina could be allowed for. Detailed de.ian would

refine the.e .ize. in the liaht of field condition. and current develop

ment.. Thi. method i. acctptable becau.e, except for the loadinls

J-6



NOTES:-

1.PRICES INCLUDE EXC/WATION
BACKFILLING, LAVING PIPE
SHEETING, DEWATERING, ANO
REINSTATING PAVEMENT

2.CURVES 00 NOT INCLUDE L~_~Q,
ENGINEERING, LEGAL OR
ADMINISTRATive COSTS.

3.COSTS IN FALL 1980'J.0
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aau&lod by oxternal flows originating outs:l.de of Amman, tho primary

notwor.k is essentially complote nnd hl.1EJ LLttla noad of loc1!I.l roinforce-

monts.

For trunk sewers outside of Amman, such as westerly of the AWSA network,

trunk sewer construction is planned to accommodate flows pr.ojected for

year 2000 conditions. It was not practical to attempt staging of trunk

sewer construction over a period of several years. Trunk sewers to serve

the developed areas would be constructed in Phase I and would run along

well-defined wadis, thus limiting the possibilities of both routing and

staging. It would not be economical to construct a trunk sewer of limited

capacity initially and then parallel it within 10 years. The preferable

method, which was followed, was to size the trunks to meet the needs of

the planning period (year 2000.)

Lateral sewers were sized for ultimate development or as otherwise pro-

jected for year 2000 conditions. A minimum of 200 m diameter was allowed

for. This sizing, coupled with construction slopes normally available, made

for adequate capacity. Length was taken as 0.08 KID/l,OOO popUlation for 1980

90 and 0.14 Km/l,OOO for 1990-2000, reflecting much unused capacity now,

less later.

Based on detailed sewer layouts, develcped for many areas by field work

and office studies, a relationship was developed for estimating and lengths

of lateral sewers needed to serve specific sizes of residential areas. It

was found that approximately one kilometer per one thousand population was

a suitable estimating value for lateral sewers. This was adopted for newly

sewered areas outside of Amman. Inside Amman, the lateral sewers have been

extended in many instances without substantial numbers of contiguous

property-owners connecting. Because of this unused lateral sewer capacity

the one km per 1,000 population was felt to be too high, and a smaller value

was adopted.

In determining the breakdown of local and foreign costs for both trunk

and lateral sewers, the only items for which foraign manufactured com

ponents would be necessary were assumed to be the manhole frames (rings)

and covers. The local iron foundry in Zarqa has limited capabilities

for casting such manhole devicGs. For any major sewet construction, it

/
I" }

,\



,e necessary to import cast iron frames and covers.

Remaining items were concrete, of local manufacture.

House connections are entirely of local manufacture. The numbers of

persons served by individual house connections were estimated on a gross

basis, no data being available upon which to segregate residential, com

mercial, and industrial types of use. In making these estimates, recog

nition was taken 'of histo~ic conditions and future prospects, as in the

case of Amman Municipality. For areas outside Amman, local knowledge of

housing conditions, such as approximate percentages of persons residing

in apartments and single-family dwellings, respectively, was applied,

together with appropriate densi~ factors. The values thus derived were

used in financing plan and revenue program calculations.

PRESSURE PIPELINE COSTS

As part of the analyses and program, it was ;ecessary to estimate costs

of pressure pipelines. These would be used to carry raw sewage as force

mains from sewage pumping stations or .s pressure conveyances for plane

effluent or wet, digested sludge to reuse/disposal areas.

Table J-l presents unit' estimating costs for wastewater, effluent or

sludge transmission lines. ~rice levels are those of late 1980. The

basis of cost development is explained in the footnotes.

If these plotting points corresponding to various diameter pipelines

were to be plogged on log-log paper, it would be found that the curve

thus formed is not straight line but rather rises with increasing diaD

eter somewhat as a parabola. This is as expected. In very mDall dimD

eter pipe~ (150 mm) the cost of earthwork for trenching is much more

significant than it is with larger pipelines where the pipe wall thick

ness and pipe weight normally increase rapidly with increasing diameter.

This results in increased costs for supply, handling, fittings and

valves, etc. The Azraq Pipeline of AWSA, nearing completion, has a

diameter of ~oo mm and is beyond the size of those considered for this

Master Plan Report. However, the unit cost experienced for this

J-8



pipeline's construction harmonizes'suitably with those of Table J-l.

SEWAGE TREATMENT PLANT COSTS

A series of cost estimating curves was developed for various types of

wastewater treatmeht plants considered for this project. The curves

were in two sets: one for construction costs and one for operation

and maintenance costs (0 &M costs.)

The estimati~g curves for construction cost were used for the studies

reflected in Chapters 8 and 9 of the Master Plan Report, except that

specific study and cost estima1:ion was necessary for the developments

at AGTP, where local circumstances required more detailed investigation.

Op~ration and maintenance curves are divided between power costs and

"other" costs, i. e., 0 &M costs excluding power costs. These latter

may be particularly significant in the case of activated sludge plants'

due to the nature of the process and the strength of the wastewater.

Figure J-4 presents a construction cost curve for conver-tional activated

sludge plants. Figure J-S depicts the construction costs for extended

aeration plan~s over the size ranges considered. This modification of

the activated sludge process was considered applicable for smaller size

plants, up to about 3,800 cu m/da capacity. Construction cost for total

containment lagoous, a low technology process applic.ble where relatively

large and flat land areas are available withQut much cost, is presented

in Figure J-6.

Figure J-7 presents the operation and maintenance cost curves for conven

tional activated sludge plants. The port~on of the operation and main

tenance,costs other th~ power for conventional activated sludge plantG

has been developed into two separate curves. The first curve is for

smaller conventional activated sludge plants. This curve ends at approx

imately 6000 m3/day of wastewater flow. The second is for the larger

conventional activated sludge plants and begins at 6000 m3/day. The

difference between theM is that the cost of polymer which is used to

enhance primary settling, thickened waste activated sludge, and assists

J-9



TABLE J-l

UNIT ESTIMATING COSTS FOR EFFLUENT OR SLUDGE

TRANSMISSION LlNESa

Item 150 WO 250 300............ ......... .........
Trenchingb

6 7 8 9
Laterals Purchasec 9 12 15 18
Pipe Handlingd 7 8 9 10...... ......

Total, Bid Pricee 22 27 32 37

a
Unit costs have been rounded off to nearest dinar per meter for
simplicity. Costs are approximate and were derived from consideration
of recent contract bids, materials, quotations, and estimation of
excavating, backfill and repavement quantities.

b
Includes excavation, backfill, and an allowance for pavement restoration,
although some of the pipelines would be out of paved areas. Depth of
cover ia assumed 0.7 m, minimum. Trench widths vary from 500 mm for
150 mm diameter pipe to 700 mm for 300 mm diameter pipe. Overhead and
profit are included for this element.

c
Includes taxes, duties, and commissions, assuming ductile iron pipe or
steel pipe. Valves and fittings are included.

d
Includes local transportation, laying, testing, plus allowances for
overhead and profit.

e
Believed suitable for estimating wastewater force mains and effluent and
sludge transmission pipelines, part of which would b~ in urban areas and
part in rural areas.

J-10
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·ymer

is not necessary at the smaller plants. Power costs were based on assumed

39 fils per kwh, and Figure J-9 shows corresponding costs for total con

tainment lagoons. These latter have essentially no energy costs as no

power is required for their operation.

Where comparisons of treatment processes are made in Chapter 8, land is

assumed to have one hundred percent salvage value and as such does not

enter into the cost comparison. This is most significant where total

containment lagoons are compared t~ other treatment processes. In Chapter 9,

however, where the actual annual cost to the community must be calculaeed,

the cost of land is included as part of the capi tal cost. Thus '. the cost

of land does not influence the choice of a treatment process except when

the quantity and cost of the land is absurdly large as in the case of the

Baqa'a Valley treatment plant. But, it does enter into the ranking of the

feasibility of the alternatives.
•

DERIVATION OF SEWAGE TREATMENT PLANT COSTS

The construction cost curves were basically derived from published cost data

in the EPA Publication "Construction Costs for Municipal Wastewater Treatment

Plants: 1973-1977," January 1978. This document (MCD-37) presents median

curve as well as plotting point data for various types of treatment plants as a

function of their nominal capacities: The data include four orders of con

struction costs: total plants, unit processes and plant construction component

costs within the plants, and process construction component costs. JMM/DMJM

scaled up the construction costs from the dates represented to late 1980 levels

usinq the Enqineering News-Record Construction Cost Index and synthesized the

various process component construction costs on the basis of local and foreiqn

elements. Local elements were estimated directly as applicable in Jordan, e.q.

earthwork, reinforced concrete, paving, etc. For example,structural rein

forced concrete was estimated at JO l20/m3, in place. Foreiqn elements were

basically the manufactured items, e.q. mechanical equipment, pipinq,

electrical work, etc. These were assumed to be purchased in the U.S. at pre

vailinq prices, which were then increased ~ppropriately to reflect handling,

shippinq, commissions, and other relevant items. In some cases, foreiqn costs

were a minor portion of the total, but in most cases they were a major portion.
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Roughing filter costs were separately estimated by the foregoing proce

dures, but no curves are presented herein for same.

operation and maintenance costs were derived on the basis of labor,

materials, chemicals, replacement parts, and electrical energy components.

For simplicity, following a few trials for verification against known costs

in the United states, the elements were consolidated into non-energy opera

tion and maintenance (O&M) and energy costs components of O&M. EPA data

were used primarily for energy costs pertaining to treatment plant operation

for various processes, and unit energy costs of 39 fils/kwh were used as the

baseline condition (35 fils/kwh for AGTP and any other areas within Amman).

Jordanian labor requirements and costs were incorporated, as were allowances

for materials and replacements as a percentage of the construction cost, as

appropriate.
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APPENDIX K

CHARACTERISTICS OF SEWAGE SLUDGE

Sludge characteristics are very important because of environmental and health

impacts that may result from their disposal and/or beneficial use. Within the

Greater Amman Area, only three local treatment plants currently operate and

produce sludge.

SLUDGES WITHIN GREATER AMMAN AREA

Available data for the sludges of the AGTP, Salt Treatment Plant, and KHMC

Treatment Plant are very limited. Information obtained by telephone from a

representative of the Ministry of Agriculture concerning digested sludge from

the Salt Plant indicated the following: 1

Parameter Value

Total Solids 68,200 mg/l (6.82 percent)

Calcium 840 mg/l

Potassium 2,500 mg/l

Iron 1,479 mg/l

Sulfur 6,250 mg/l

Phosphorus 90 mg/l

Manganese 14 mg/l

Nitrogen 44,000 mg/l

Copper 630 (may be spurious)

]I Boron zero

Cobalt 76 mg/l

Chloride 630 mg/l

Molybenum zero

The single sample reflected in the above values was taken in June 1980 and

analyzed by the Royal Scientific Society Laboratory. The data cover certain

nutrients and metals, many of which are of potential relevance to agri ~ltural

applications. Nitrogen, phosphorus, calcium and potassium are of particular

intetes to agriculture as essential fertilizer elements. Although the
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concentrations of these elem~nts in digested sludges is less than obtainabl~

in mineral fertilizers, the sludge can be a valuable fe~tilizer supplement and

soild conditioner. These elements are known as "macronutrients."

Heavy metals that are considered as toxicants when in substntial quantities

include arsenic, cadmium, chromium, copper, lead, nickel, and zinc. Chlorin

ated hydrocarbons are also considered toxicants or, more suitably, carcinogens.

On the other hand, very small quantities of certain metals, such as zinc, copper,

boron, and cadmium, are essential to proper plant growth and are considered

"micronutriants."

Previous reports for regions within the Study Area presented the following 2

characteristic parameters for AGTP digested sludge:

Parameter

pH Value

Total Solids, percent

Volatile Solids,
percent of Total

Value

6.8

7.0 - 7.1

2.8 to 5.4

2.77

65.4 to 74.0

62

Date

19 September 1980

January through August, 19.80
range of 12 samples

September through December,
1980, range of 3 samples

Average of 12 samples, January
through August 1980

September through December,
1980, range of 3 samples

Average of 12 samples, January
through August 1980

The report noted that although the detergent content of the AGTP raw sludge

was not exceptionally high, it was a level where it could be inhibitory to

digestion. Heavy metals concentrations in the AGTP digested sludge are presented

in Table K-l.

The Sludge data indicate "normal" characteristics for t'h~ AGTP and Salt Plant

sludges, with the possible exception of copper content, believed to be unusually

high.

No data were available for the KHMe plant sludge at the time of preparation of

this report.
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TABLE 1\:-1

~Vy METAlS CONCE~"TRATI01~ IN THI AGTP DIGESTED

SLUDGE

Co~stituent Units Dry Slduge Fro:! Drying Beds lJet S\'.Jdge Fro:! Digester
28 Dece:lber 1976 with Contents at 3% Solids

25 January 1977· .

Organic Matter : 65.15 64.60

Fixed Solids : 34. a5 35.40

Nitrogen (N) : 3.60 3.70

Pbosphor~s (P) : l.SS 1·• .50
Potassium (K) % 0.40 0•.56

Sodium (Na) % 0.67 0.83
Calcium (Ca) % 6.30 6.30

Magnesium (Mq) % 0.4S 0•.50

Iron (Fe) % 0.92 0.89

Zinc (zn) mg/l 238 180

Copper (Cu) mg/l 32Sa 300·

Manganese (Mn) mg/l 183 16.5

Lead (Pb) ppb 3S

Cadmium (Cd) N/Sb 10

Chromium (Cr) N/S l·S
Nickel (Ni) N/5 80

Cobalt (Co) N/5 60

aAppears unu~ually bigh. Might be a~ analytical anomaly.

b
~ot stated. Believed to be ppb (parts per billion).
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Table K-2 Ls presented to indicate examples of certain toxi~ constitUt!ots

ill sewage sludges in two major ~ewerage system of the Los Angeles, CHlifornia,

area, as contained in the Loas Angeles River Basin Plan. It should be pointed

out that both the Hyperion system of the City of Los Angeles anJ the Joint

Outfall System of the Los Angeles County Sanitation District (LACSD) involve

major industrial contributions. The Joint Water Pollution Control Plant

(JWPCP) of the LACSD is the terminal treatment facility for one very large

network, within which the Whittier Narrows Water Rccliln:at:.ion Plant selective

ly diverts wastewater flows from which most industrial wastes have been

excluded. The Hyperion Treatment Plant of the ~ity of Los Angeles is the

terminal (coastal) treatment plant of the second major sewer network. The

data reflect conditions prior to implementation of the most recent program

for industrial waste controls required by Federal legislation.

FU'.l.:··g STUDY AREA SLUDGES

The Los Angeles dat~ shown in Table K-2 are based on extensive s~mpling ~nd

analysis while the data presented above for AGTP and Salt Plant are quite

limited and should be considered as such. Nevertheless, the data for these

local plants tentatively appear to confirm the impression that industrial

wastes are not presently a major factor in treatment plant sludges for these

local plants, despite the fact that the Municipal Slaughterhouse has a major

im~act on the existing AGTP basic treatment process. In Salt, the local

pharmaceutical firm is using approximately 50 m
3

/day of water and as such

makes only a small contribution to the plant. The firm manufactures a hroad

range of antibiotics, vitamins, and other medicines, and does not appear to

be having any effect on the plant operation.

The future characteristics of the AGTP digested sludge should not be much

different from those that have been indicated above, with the following

possible exceptions:

a With the provision of adequate anaerobic digestion facilities,

the dige~ted sludge should be somewhat lower in volatile solids

than is presently the case. There will have been longer resi

dence time in the digesters and improved mixing, all of which

make for better digestion and better reduction of pathogens.

K-4
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TABLE K-2

EXAMPLES OF CERTAIN TOXIC CONSTITUENTS IN SEWAGE SLUDGES

(After Los Angeles River Basin Plan)

Toxic Metal Constituentsa
Units Total

of Arsenic Cadmium Chromium Copper Lead Nickel Zinc Identifiable
Conca as As as Cd as Cr as Cu as Pb as Ni as Zn Chlor. Hydr.

mgtl 0.00 2.38 105 60.0 - 9.70 244

mgtl 0.02 0.43 31 19 9.8 6.4 56 0.84
mgtl 0.09 0.26 22 9.2 3.8 4.Q 44 0.048

~
I

V1

Identification of
Sewage Sludge

JWPCP Digested Sludge
Grab Sample, No. A-4b

r.lt· • WRPcwluttl.er Nan:llws

Primary Sludge
Waste Activated Sludge

cAverage 4 W.R.P.

Primary Sludg~

Was~e Activated Sludge

Hyperion Sludge Outfalld

mg/l
mgtl

mgt 1

0.01
0.05

0.03

0.46
0.30

0.40

10
7.6

1.65

7.4 19.7
5.2 4.1

9.25 1.20

2.5
1.4

2.80

28
21

10.2

0.29
0.01

0.052

.-0
v--....
/'

~ercury and silver results are deliberately omitted as they are normally present only in trace quantities, if
at all. It is recognized that t~~CQ amounts of many hea~7 metals are essential to hea1turplant growth, but
that excessive concentration~ are toxic.

bTaken on April 4, 1972.

cFrom LACSD Technical Report, Waste Discharge to the Ocean, January 15, 1973 Volume 1 pp. 11-25 and 11-26.

~rom City of Los Angeles Technical Report on Waste Discharges at the Hyperion Treatment Plant, January 8,
1973, Volume II, p. 110. This represents digested sludge•



o If industrial activity is permitted to increase within the

AWSA network and if industrial wastes ordinances and enforce

ment thereof are not sufficient, increases in heavy metals

constituents might occur and be found detrimental.

The first instance would be an expected betterment. The second instance would

be an unexpected detriment, because the intention is that the new industrial

wastes ordinance be adopted and enforced vigorouPly.

Regarding the futur~ Zar~a-Ruseifa Treatment Plant, digested sludges produced

from this facility would be more likely than those of AGTP to reflect industrial

activity, for there is significant heavy or "wet" industry in the tributary

area. The effects of the wet industries on the sludge characteristics can

only be assumed but with adequate controls, they would be minimal. If pre

t::'eatment and controls are not sufficient, the increase in toxic metals content

in the sludges would be sufficient to dissuade their beneficial uses. The

program for such beneficial use will have to be developed deliberately and in

consideration of an expanding data base, which will be essential to the program.
,
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APPENDIX L

COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING
FaTER8-·ACTIVATED SLUDGE

This appendi.<: presents some of the detailed information developed in comparing
the basic alternatives for future secondary treatment at tho:: Ain Ghazal
Treatment Plant, the summary of which is included in Chapte..· 8. The basic
alternatives involved secondary treatment by activated sludged alone (designated
as Treatment Alternative One or TAl) and secondary trea·~ment by roughing
filters (trickling filters) followed by activated sludge (designated as Treatment
Alternative Two or TAZ). Under TAl., the activated sludge facilities would not be
required to remove as much organic load as under TAl, because a significant
portion of such load would already have been removed by the roughing filters.
Accordingly, TAZ's activated sludge facilities would not need to be as extensive as
those for TAl.

The bases for sizing TAl and the actual sizing of Joth TAl and TAl. were
presented in Chapter 8 in the main body of this report. The ensuing discussion
provides the bases for the assumed sizing of the facilities for alternative TAZ.

Cold Weather Reduction of BOD Removals

The plant operational data on BOD loadings and subsequent removals at AGTP are
difficult to analyze for possible trends of seasonal effects associated with air
temperature or wastewater temperature. This is primarily due to current
conditions at the AGTP, including the inadequately controlled discharges of
septage and contributions from the municipal slaughterhouse. Irrespective to this;
it is recognized that biological activity generally varies exponentially with
temperature.

As an illustration of this, it is a well established fact that trickling filters are
more efficient in warmer climates than in colder ones. This is reflected for
example, in the reduced ratings accorded trickling filters as the site latitude
increases. Of course, some of this may be due to the effects of surface icing
during very cold weather, but a great deal is due to the wastewater temperature
effects upon the biological reaction rates.

For example, the theoretical biological reaction rate for trickling filters at lOoe
is only about 46 percent of that experienced at ZooC; at SoC, it is only about 320
percent of the ZooC rate. The relevant temperature is that of the wastewater
and not of the air. Even so, the ail' temperature has an effect upon the
wastewater temperature, particularly for high-rate filters with significant
recirculation.

In illustration of the foregoing, Benzie, Larkin, and Moore, reporting in the April
1963 Journal WPCF, concluded that there was a significant difference in the BOD
removal efficiencies in 17 Michigan (USA) community trickling filter plants
between the summer and winter months and that in those plants having
recirculation, the winter filter efficiency was 2.1 percent less than the summer
efficiency. Their plots show a pronounced winter fall-off in BOD removal
efficiency and indicate that even when the mean air temperature averaged about
lOoC, the efficiency declined nearly 200 percent from ZooC levels for the two

L-l



COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING Fll..TERS-ACTIVATED SLUDGE

plants depicted with recirculation. Some of this may be due to icing. However,
even with average temperatures dropping only to 150C, the decline in BOD
removal efficiency was at least 10 percent from that of the ZooC level.

In Amman and other Jordanian communities, a large proportion of the public
water supply undergoes storage in uninsulated roof tanks prior to being used and
converted into wastewater. On the other hand, the proportion of the wastewater
that has been heatt-=J - such as in the course of bathing, laundering, and culinary
activities - is probably not very high, at least not in comparison with Western
standards. Thus, the wastewater is not of greatly higher temperature than that of
the delivered water, and winter cooling effects via roof tanks may be significant.
As a result, there is a fairly good opportunity for the local water supply drawn
into household taps during cold weather and subsequently discharged into the
Amm an secondary network to be significantly colder than such flow during the
average and warmer months of the year. Furthermore, the residence time of the
flowing waste~o:ater in the secondary and primary networks is rele-tively short, due
to the steep grades and relatively high flow velocities experienced. Thus, the
relatively constant ground temperature effects on moderating w~tewater

temperature are thought to be minimal. Consequently, the cold weather months
of the year may be expected to witness colder wastewater at AGTP than at other
times, and this could be somewhat adverse to the performance of roughing filters
at such times.

Cold weather fall-off of roughing filter performance could be compellsated for
either by overdesigning the filters 01' by providing reserve capacity in the
following activated sludge mits. This would, of course, entail additional capital
outlay and greater use of space than otherwise required.

It would not seem advisable to relax effluent standards on a seasonal cold weather
basis, for the public health exposure would not be diminished at such time. Cold
wather is not necessarily coincidental with the flow of diluting water in the Seil
Amman/Seil Zarqa. In fact, due to the flashy nature of the watershed, there is
very little run-off in the Seil Amman except during, and for a limited period
following, heavy rainstorms and snowmelt episodes.

Activated sludge efficiency is also affected by dropping wastewater
temperatures, but the effects are less pronounced than those for trickling fUters.
For example, the typical, theoretical biological reaction rate for 100C
wastewater for activated sludge is 8Z percent that of the ZooC reaction rate.
This compares with the 46 percent rate for trickling filters.

Activated sludge process efficiency is highly dependent upon efficient separation
of suspended solids (activated sludge floc) in the final clarifiers. This flow is very
light and is easier to settle in warm wastewater than in cold wastewater, due to
viscosity effects. These factors have been pointed out in the literature. For
example, Keefer, writing in the November 196Z Journal WPCF, reported reduced
BOD removals by activated sludge treatment at Baltimore as the wastewater
temperature dropped from Z60C to ZooC and further to about !Z0C. Howaver,
the BOD efficiency fall-off due to lowering wastewater temperatures was not
nearly as pronounced as the comparable fall-off in the performance of the
trickling filters in the Michigan plants reported earlier, with only about Z percent
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COMPAlUSON OF ACTIVATED SLUDGE WITH ROUGHING Fll..TERS-ACTIVATED SLUDGE

for a temperature drop from ZooC to 150 C. Thi.s experience is generally
consonant with commonly accepted criteria.

Activated sludge facilities, when well designed and operated, have greater
flexibility than those of trickling filters fo~ making adjustments to accommodate
seasonal effects. Furthermore, it is planned that the activated sludge secondary
clarifiers for both Alternatives TAl and TAZ be conservativp.ly designed to
minimize solids separation difficulties.

In view of the foregoing, it is concluded that the activated sludge (TAl) process
would have a certain advantage over the combination roughing filters-activated
sludge process (TAZ) at AGTP relative to cold weather performance.

Intermediate Clarifiers Following Roughing Filters

Trickling filter plants always include final clarifiers for removal of humus sludge
and effluent clarification. On the other haud, two stage trickling filter plants
sometime eliminate the intermediate clarifiers between stages but, of course,
retain final clarifiers. Combined aerobic treatment plants incorporating series
trickling filter and activated sludge processes may not require intermediate
clarification, depending upon local circumstances. For example, Roskopf, Young,
and Baumann, writing in the October 1976 Journal of the Environmental
Engineering Division, ASeE, reported upon a pilot plant evaluation of trickling
filter-activated sludge combinations. These had been studied with particular
reference to the possibilities of using the activated sludge process to upgrade an
existing trickling filter plant in order to meet new and stricter state and Federal
water quality standards. Three modes were studied: (1) a puallel trickling filter
activated sludge combination; (Z) a series trickling filter-activated sludge
combination with no intermediatt: settling of trickling filter effluent; and (3) a
series activated sludge-trickling filter combination with intermediate settling and
recycle of activated sludge mixed liquor suspended solids. It was not intended to
imply by the findings that anyone of the combinatioDS was universally best but
rather to add to the available body of engineering information. The pilot plant
work was conducted at the Ames, Iowa Water Pollution Control Plant and was
supported in part by the City of Ames, Iowa. The wastewater supplied to the pilot
plant(s) was primary effluent from the Ames Plant.

The Ames pilot plant findings showed thai; the combined trickling filter-activated
sludge system (which had no intermediate clarifiers) provided better operating
stability than single-stage systems and that the series system provided a higher
efficiency than either a single-stage trickling filter or activated sludge system.
In commenting upon whether or not to provide intermediate settling in the
expansion of an existing trickling filter plant, the authors noted that existing
clarifiers following the trickling filters could be used, at the option of the
operators, for removal of humus sludge during periods of heavy filter sloughing.
At other times, the process performance might be improved by bypassing the
intermediate clarifiers.

In theory, there might be good justification for eliminating intermediate clarifiers
entirely. The microogranisms in the growths sloughing from the
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COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING Fn.TERS-ACTIVATED SLUDGE

roughing filters (oxidation towers) are not initially very active, so the oxygen
uptake of the humus sludge is relatively low. Thus, they would not be expected to
exert a major load in the aeration tanks but they would soon become active in the
presence of oxygen and wastewater BOD~ and would become part of the activated
sludge. Also, they would be expected to settle readily in the final clarifiers
following the aeration tanks. Humus sludge settles much more readily than
activatedd sludge. Furthermore, if intermediate cliU"ifiers could be elimin?ted
altogether, there would be a savings in both capital cost and on-going operation
and maintenancr.:, both of which could be important.

On the othe,.' hand, provision of intermediate clarifiers could increase the
operating flexibility of the plant, albeit at additional capital and O&M expense.
There could be a tradeoff between the possible benefits of the intermediate
clarifiers and the additional upkeep and plant complexity that they would bring.
Unfortlmately, the literature does not contain much helpful information on these
aspects. Accordingly, JMM/DMJM drew upon its own current experience in
certain generally comparable installations in the United States to aid in making
its judgement on this matter. Brief summaries follow.

At Yuba City, California, a pure oxygen activated sludge system is normally used
to treat combined municipal wastes and wastewater from a prune cannery. The
system works successfully and reduces an influent BOD of some 800 mgll to about
5 to 10 mg/l. During about two months of the year, a fairly high flow of high BOD
wastes (well over 1,300 mg/l) is added to the base flow from a peach cannery that
operates seasonally. During such times, it is necessary to activate a standby
oxidation tower to act as a roughing filter for the entire flow. There is no
intermediate clarifier between the oxidation tower and the activated sludge units.

The Wlusually high strength wastewater causes buildup of humus sludge on the
plastic media tower surfaces as BOD is removed from the influent. About every
five days, major sloughing is experienced. This causes a substantial increase in
the BOD entering the aeration system, because of the anaerobic inner layers of
the filter slime. Such episodes can upset the aeration units' operation if the
monitoring and adjustments iU"e not sufficient. Similu potentials for difficulty
ue present when filamentous growths from the roughing filter occasionally are
discharged into the aeration tanks.

On the opposite extreme, the roughing filter is so efficient, particularly when
lightly loaded and provided with adequate air circulation, that at such times the
BOD entering the aeration tanks may be much less than the aeration tanks
anticipate and the activated sludge system may be partially "starved," reducing
its continuing effectivess. Very alert and cueful operation may compensate for
these vaying condi tiODS of unbalance. However, the responsible official feels that
there would probably be some benefits derived in the case of heavy sloughing and
filamentous growth discharges from the roughing filter in .having at least nominal
intermediate clarifier capacity.

At Twin Falls, Ida0 , mWlicipal wastes account for about 76 percent of the
combined influent flow to the municipal treatment works but only about 2.6
percent of the influent BOD. Potato processing wastes are largely responsible for
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COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING Fll.TERS-ACTIVATED SLUDGE

the industrial component (about Z4 percent of the flow and 74 percent of the plant
influent BOD). The influent BOD concentration approaches 600 mg/l. There ue
some significant return wastes streams from sludge processing. The plant
incorporates primuy sedimentation, oxidation towers, and activated sludge
treatment. The process includes the option of returning activated sludge to the
oxidation tower for conditioning. There are no intermediate clarifiers betw~en

the tower and the activated sludge.

The oxidation towers, comprising several redwood modules, are operated as en.
activated biofilter (ABF) which entails retU1'J)~ng the return activated sludge
(RAS) over the tower. A plastic media tower was tested on a pilot plant basis in
euly 1981, and BOD removals were determined from primary effluent both by the
tower alone and by the tower followed by intermediate settling. The testing
indicated that the addition of 30 minutes of settling would improve the BOD
removal by the tower from about 30 percent of applied to about 44 percent of
applied, an improvement approaching 45 percent.

City of Twin Falls laboratory experiments upon the settling characteristics of the
tower effluent indicated that the majority of the humus sludge would settle in an
Imhoff cone in 30 minutes. Based upon these data and other considerations, JMM
deemed it realistic to plan on a cluifier overflow rate of 1.1 m/hr (about Z7
m3/day/mZ). Although a very shallow clarifier could theoretically be effective,
practical aspects dictated a minimum side water depth of about 3 m, and included
provisions of rapid removal of the humus sludge from the intermediate clarifier.
The averagve flow detention time for this installation was Z.7 hr, and the peak
flow detention was about 1.8 hr. Provision of intermediate clarification is being
recommended at Twin Falls as an aid to the operation of the activated sludge
system, which has 6 to 8 hours aerati.on time. Removal of high BOD humus sludge
ahead of the activated sludge system sho,ud result in savings in power costs. This
would be a net savings even when accou.~ting for clarifier construction costs.

At Fairfield, California, generally comparable JMM studies were made and
findings obtained indicating the merits of intermediate clarifiers. The plant
influent strength was high, due to local brewery wastes. Data from generally
similu plants in central California have affirmed these general findings. JMM
has so far incorporated intermediate clarifiers in at least two trickling filter
activated sludge plants and is recommending incorporation in two more.

As a result of the foregoing, JMM/DMJM has deemed it appropriate to include
intermediate duifiers in the TAZ facilities for comparison with TAl facilities
(Table 8-4). This is taken as a conservative approach, tempered by operating
experiences. An indication is later given of the physical and cost ramifications of
such provisions together with a weighing of their advantages and disadvantages.
The presumed value of the controlling design parameter is 57 m/day overflow rate
at peak flow. In allowing for a reasonable sidewater depth of 3.3 m, the peak
detention becomes 1.4 hr. If TAZ were to be recommended for adoption, there
should be pilot plant testing undertaken to determine the optimum sizing of the
intermediate cluifiers following the roughing filters.
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Design Criteria for Roughing Filters-Activated Sludge

Table 8-4 in the main body of the report has presented design criteria for
Treatment Alternative TAZ.

Need for Ventilation and Odor Control for Oxidation Tower

If very high strength wastes are introduced to oxidation towers, a potential for
odor generation may exist. This is a consideration even though the plant influent
is not expected to have much sulfide content. Thus, there is concern that if
oxidation towers were to be operated at the AGTP ahead of activated sludge
facilities, there could be significant potential for troublesome odors. This is due
to the high strength waste that would be involved. Similarly, the air supply
available by natural draft alone might not suffice in the towers. Towers would be
favored over shallower and broader trickling filters because of space limitations.
Both induced draft air circulation and odor control, if required, could add to the
costs of the oxidation towers and reduce their possible economic advantages over
activated sludge alone (TAl). Therefore, it is appropriate to summarize certain
relev(".J1t experiences and considerations on these aspects.

At Yuba City, the 6.6 m high, plastic media oxidation tower reportedly is
sometimes the source of odors, including hydrogen sulfide, from the anaerobic
undersides of layers of humus sludge occasiol.ally sloughing hom the media. (The
BOD loadings are exceptionally high, even higher than those anticipated at the
AGTP). A fiberglass dome was installed by the City over this Z4.4 m diameter
tower in order to contain the odors, and an activated carbon scrubber was
employed to remove the hydrogen sulfide and other impurities from the
circulating air flow (forced draft). However, this odor containment system has
reduced the capacity of oxygen supply to the media in the tower, thereby limiting
its BOD-reduction capabilities. Part of the difficulty is due to the nature of the
scrubber, whose support media become plugged with biological growth that is
difficult to remove. When this occurs, oxidation towel' performance falls off
dramatically. It is suspected that water scrubbing ahead of the activate carbon
scrubber might help alleviate the underdrain f,lugging problem. Additionally, it is
likely that increased air circulation capacity tQay be required. Also, the activated
carbon requires periodic regeneration or replacement. This situation illustrates
the additional complexities and costs that odor control for oxidation towers
receiving high strength wastes may entail.

At Twin Falls, JMM is proposing installation of induced draft ventilation for the
oxidation towers in order to control potential odors and improve performance.
The additional air is intended to supply increased oxygen to the towel' biomass and
also to dilute the natural ventilation air to help maintain atmosphere hydrogen
sulfide concentrations about the plant at tolerable levels.

The AGTP lies within an industrial belt along the Seil Amman that is overlooked
to the east by an extensive residential development. During the course of the
studies by JMM/DMJM in the latter half of 1980, it did not appear that the plant
odors were abnormal 01' that they carried very far. It is conceivable that this
condition might still be generally true with a much larger flow and with expanded
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activated sludge and solids processing facilities, but it is more likely that the
odors would be somewhat more widespread and noticeable than they are at
present. Conservative design, careful operation and scrupulous housekeeping
would, of course, help minimize any odor problems.

If oxidation towers are to be added as roughing fUters, the prospect for emanation
of odors may be increased, even with forced draft ventilation. The extent of this
is uncertain, and it may not be too significant inasmuch as the future influent
sulfides should not be very high and the primary treatment facilities will remove a
portion of the high organic load. Thus, if some oxidation tower ordors do develop,
it is possible that they would be sufficiently limited that the neighboring
population could tolerate them. However, it would appear to be more in the
public interest to suppress any odors that might develop by prechlorination
suitable scrubbing, or other means. The City government is known to be
interested in providing public services such as sewers and amenities such as parks
and is thought to disfavor procedures that would knowingly have negative impacts
upon local residential areas. Thus, for the purpose of the comparison of TAZ and
TAl, certain odor control facilities are assumed for the oxidation towers, and the
costs therefor are suitably identified but can be deducted if suitable.

Layout Considerations

Under TAZ it would be logical for the layout to be shown in Figures 8-7 and 8-8,
whereby all new digestion facilities are located near the municipal
slaughterhouse, while the roughing filters, recycle pump station, and intermediate
clarifiers are located to the north within this currently vacant site. As in the
case of TAl, the new headworks would be located on the existing site as would
new activated sludge facilities.

Because of land requirements and space limitations, there would be somewhat less
allowable capacity for TAZ ultimate facilities than for TAl. This may be seen by
comparing Figures 8-5 and 8-6 with Figures 8-7 and 8-8. Inasmuch as the TAZ
capacity would be only 75,000 m3/day, there would be only six new digesters
required on the southern plant site, as compared to seven new digesters for TAl,
whose capacity is 96,000 m3/day. The former makes for a neater arrangement,
but the latter is feasible and has been used with success in large treatment plants
where space is at a premium. An example of this is the Joint Water Pollution
Control Plant of the County Sanitation Districts of Los Angeles County (plant
capacity about 1.4Z million m3/day).

It may be noted that if intermediate clarifiers were not to be provided for TAZ,
there would be some additional space made available, and this could support
increased oxidation tower capacity and digester capacity on the southern site.
(Figure 8-7). There might even be enough space on the southern plant site to
double the oxidation tower capacity, although this would crowd the facilities.
This provision would reduce the BOD concentration of the flow of tower effluent
to the north site, even if the total plant flow were to increase moderately.

As an approximation, it has been estimated that if intermediate clarifiers were to
be eliminated and the oxidation tower capacity of TAZ doubled (not actually
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recommended), the flow capacity of th~ total system could be increased to about
85,000 m3/day. There wou.ld still be a need to convert the northern site secondary
facilities to primary sedimenta.tion tanks and to utilize most of the existing
primary tanks. There would be about the same volume in new and converted
activated sludge aeration tanks a:; iii the basic (75,000 m3/day) TAZ arrangement,
but the secondcu:y clarifiers would have to be increased slightly. The basic
tradeoffs would be for obtaining a 10 to 15 percent increase in total plant
capacity at the risk of establishing a plant that might sometimes be more difficult
to operate than if the intermediate clarifiers were to be provided.

Energy Considerations

Activated sludge aeration is assumed to consume about 1.48 kwh per kg of BOD
removed in the aeration tanks in the facilities under consideration, assuming
about 90 percent of the BOD is removed. On the other hiUld, for high rate
oxidation towers employing a recirculation ratio of Z:l, the power requirement for
applying the influent plus recycle to the towers would be about 0.48 kwh per kg of
BOD removed by the towers.

Due to relatively flat site and the hydraulic profile considerations, it would
probably be necessary to pump the tower effluent into the intermediate clarifiers
and activated sludge units downstream. This would reduce the energy advantage
of the oxidation towers somewhat, as would the provisions of intermediate
clarifiers sludge collectors and sludge pumps.

The oxidation towers would be anticipated to require a certain amount of forced
draft ventilation, and this would add to the power load for Alternative TAZ. In
addition, if odor control via scrubbing were to be needed, as is assumed likely, the
power load would be increased commensurately.

Table L-1 summarizes and compares the year ZOOO average energy consumption
for the biological treatment Alternatives TAl and TAZ. It is indicated that the
energy demands of TAZ would be about 79 percent those of TAl at that time. The
demands at an intermediate point, such as 1990, would be roughly proportional to
the flow but would depend, to some extent, on the sizes of units as dictated by
construction staging.

Construction Costs

Table L-Z summarizes the estimated construction costs ,for both TAl and TAZ for
year ZOOO conditions. The itemized costs are based on b.te 1980 price levfJls and
involve only the biological treatment system for AGTP exeml1lified by the two
alternatives. The respective construction costs of JD 7.16. million and 8.10
million are increased by 50 percent to establish the proj ect costs. The annual
capital cost assumes ZO year life and 10 percent interest and is applied to the
project costs. Although the annual capital cost of TAZ is only 13 percent higher
than that of TAl, TAZ's unit cost (related to flow handled) is 44 percent higher
than TAl's.
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TABLE L-l

COMPARATIVE ENERGY REQUIREMENTS OF SECONDARY
TREATMENT ALTERNATIVES FOR AGTP IN YEAR 2000

Numbers are in average kilowatt consumption

Item

Oxidation Towers
Supply Pumps
Ventilation Air
Odor Control

Intermediate Clarifiers
Influent Pumps
Sludge Collectors
Sludge Pumps

Aer;ltion Tanks
North Site
South Site

Secondary Clarifiers Drives
North Site
South Site

Return Activated Sludge Pumps
North Site
South Site

Waste Activated Sludge Pumps
North Site
South Site

Total

TAl
Activated Sludge
~~

1,780
1,050

15
7.5

60
Z7

lZ
6

Z,957.5

TAZ
Roughing FU ters

plus Activated Sludge

440
Z5

400

100
6

11

1,Z75

17

40

a

Z,3ZZ

At a basic unit energy cost at AGTP of 35 fUs/kwh the year ZOOO biological
treatment costs for TAl and TAZ would be as follows:

Item TAl TAZ Difference

Annual kwh (in millions) Z5.9 ZO.3 5.6
Cost in millions of JD

Without escalation 0.907 0.711 0.196
With escalation at 4 percent 1.987 1.557 0.430
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TABLE L-Z

COMPARISON OF CONSTRUCTION COSTS OF BIOLOGICAL TREATMENT
ALTERNATIVES TAl AND TAZ FOR YEAR ZOOO

Numbers are in JD 1,000

•

Item

Oxidaticn Towers
Sl lpply Pumps
Ventilation System
Odor Control
Towel Structures

Intermediate Clarifiers
Influent Pumps
Clarifier Units

Aeration Tanks
North Site
South Site

Secondary Clarifiers
North Site
South Site

Miscellaneous Work

Total, Construction Cost

Notes:

TAl
Activated Sludge

Alone

3,37Z
Z,031

1,088
613

56

7,160

TAZ
Roughing FUters

plus Activated Sludge

170
515
435

Z,900

70
400

Z,47Z

1,076

6Z

8,100

1. Numbers presented for intermediate clarifiers (TAZ only) include humus
sludge pumping facilities.

Z. Numbers presented for secondary clarifiers (TAl and TAZ) include both RAS
and WAS pumping facilities.

3. Unit costs for biological treatment area as follows:

Implementation Cost (103)
Total Project Cost (103)
Annual Capital Cost (103)
Unit. Capital Cost JD

TAl (35.0 MCM/yr)

3,580
10,740

1,Z6Z
36,100

TAZ (Z7.4 MCM/yr)

4,050
lZ,150

1,4Z8
5Z,100

4. If ventilation systel!\ and od·jJ.' control wet~ to be eliminated, TAZ's costs
would drop by over 11 percent.
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The costs depicted' in Table L-Z are believed conservative but realistic. If
oxidation tower ventilation and bdor control were to be deferred or eliminated,
there would be a decrease in TAZ's capital and wdt costs by some 11.7 percent. If
intermediate clarifier units were eliminated, the reduction from the basic value
would be about 5 percent. These matters are discussed subsequently.

Basic Comparison

A b.:'sic comparison, without considerations of sludge processing or power
recovel'~' ramifications, is made between TAl and TAZ as follows:

Item

Annual Energy, Millions, Year ZOOO
No Escalation, Table L-l

With Escalation, Table L-l

Annual Capital Cost, Millions, Table L-Z

Total Annual Cost, Millions
No Energy Escalation
With Energy Escalation

Unit Cost, JD/MCM
No Energy Escalation
With Energy Escalation

Energy escalation, where applicable, is assumed
compounded, over and above general inflation.

Costs a..:-e expressed in JD
TAl TAZ

0.907 0.711

1.987 1.557

1.Z6Z 1.428

2.169 Z.139
?Z49 2.985

62,000 78,100
92,800 108,900

at 4 percent per annum,

Effect of Eliminating Tower Ventilation and Odor Control

It should be noted that if the ventilation system and odor control system for the
oxidation towers were t~ be eliminated, about 4Z5 kw or 3.68 million kwh/yr
might be saved for TA2. This would correspond to JD 0.129 million without
energy escalation and JD 0.Z83 million with energy escalation. When combined
with a capital cost reduction in TA2 of some 11.7 pelcent, the numbers would
become:

Item

Total AIUlual Cost, JD Millions
No Energy Escalation
With Energy Escalation

Unit Cost, JD/MCM
No Energy Escalation
With Energy Escalation

TAl TA2

2.169 1.843
3.249 2.535

62,000 67,300
9Z,800 9Z,500

L•
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COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING FD..TERS-ACTIVATED SLUDGE

This indicates that the two alternatives would be very close, particularly if em!rgy
escalation effects are realized in the future. If tower ventilation and odor corltrol
were to be eliminated, it could be at the expense of reduced operathlg efficiency
of the treatment faci1itie~ and creation of potential nuisance conditions.
However, for TAZ implementation, it might be possible for the design to
anticipate such facilities to be provided at such future time as their needs had
been demonstrated by operational experience.

Effect CJf Eliminating Intermediate Clarifiers

No detailed calculations have been made upon the costs ramifications of possibly
eliminating the intermediate clarifiers, because it is not believed that this is a
conservative approach for wastewater treatment planning. However, an
indication may be obtained from the previous approximatbn of supposed increased
plant capacity to about 85,000 m3/day. This would entail about the same aeration
facilities as used for the 75,000 m3/day syEi:em, although a slight increase in
secondary clarifier capacity would be involved. The oxidation i:owers
influent/recycle pump station would have to be enlarged and the tower structur~!9

would, of course, be doubled. Indications are that the unit cost for the modified
TAZ biological treatment .(no intermediated clarifiers, also no ventilation or odor
control) would be about JD 75,000/MCM without differential energy escalation
and JD 97,000/MCM with the escalation. On this basis, there would be no benefit
in eliminating the clarifiers for the purpose of making room for additional towers
and, in fact, the unit cost would rise somewhat.

Considerations of Sludge Processing

If TAZ were to be selected, there would be less waste activated sludge to thicken
prior to sludge disgestion than for TAl. Humus sludge, produced by the oxidation
towers, settles quite readf.ly and would not require as much thickening as the
activated sludge, perhaps not any at all. This could represent a savings favo!ing
TAZ. The effects have not been quantified in this analysis.

Another factor of potential significance is the nature of the humus sludge itself as
regards gas production potential in anaerobic digestion. Due to its biochemical
nature, humus sludge often undergoes a greater degree of decomposition in
anaerobic digestion than does waste activated sludge, thereby yielding somewhat
greater quantities of sludge gas than the waste activated sludge. This factor
would be of potential significance at AGTP if power recovery were to lJe
attempted. Table L-3 presents a preliminary analysis of the power recovery
potentials of the biological trt}atment alternatives TAl and TAZ, in which it is
indicated that there might be nearly 15 percent greater unit gas production for
TAZ than for TAl. It should be noted, howeve!", that considerable gas production
potential exists from the primary sludge derived ahead of either TAl or TAZ, so
the overall plant advantage of TAZ over TAl would probably be in the order of 10
percent. Even so, if both TAZ and power recov1.!ry were undertaken, there could
eventually be an advantage from this asp~d, favoring TAZ. It has been
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TABLE L-3

COMPARISON OF POWER RECOVERY POTENTIALS OF TAl and TA2.
FOR YEAR 2000 CONDITIONS

Item

Average Flow, m3/day
Primary Effluent

BOD, mg/l
BOD, kg/day
SS, mgll
SS, kg/day

BOD Removal by Roughing Filters
kg/da @ 50%

VSS, Fi!ter Sludge
kg/da @ 60% of BOD

BOD to Aeration Tanks
kg/day

BOD Removed as Act.Sl.
for 50 mgll efflueJ'\t

VSS from Act Sl (WAfJi
kg/da @60% of BOD

Sludge gas from Humus Sludgea
m3/day @ 0.47 m3/kg VSS feed

Sludge gas from WASb
m3/day @ 0.37 m3/kg VSS feed

Total Sludge Gas) m3/day
Total Gas/yr. 100 m3
Unit Gas Production/MCM

Assume the following
Rounded Values, m3 gas/MCM

Then Annual Gas, 106m3

TAl

96,000

585
56,2.00

450
43,2.00

56,2.00

51,400

30,800

11,400

11,400
4.16

119,000

lZO,OOO

4.2.0

TA2.

75,000

585
43,900

450
33,800

2.1,950

13,2.00

2.1,950

18,200

liJ,900

6,2.00

4,000

10,2.00
3.72.

136,000

138,000

3.78

a For humus sludge, assume 50% destruction or 0.5 (0.935) =0.47 m3/kg "ISS
fed to digester.

b For WAS, assume 40% destruction or 0.4 (0.935) = 0.37 m3/kg VSS fed to
digester.
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estimated that there could be a net economic benefit to either TAl or TAZ with
cogeneration implemented. If differential energy escalation is ignored, the
difference between the alternatives TAl or TAZ would be slight. If differential
escalation is considered, TAZ would be fawl0red by this operat~lon by perhaps
JD Z,OOO/MCM/yr wastewater flow, depending upon assumptions used.

Other Considerations

Certain ite:ns of significance not immediately amenable to monetary
quantification are alr;o of relevance in the comparison between TAl and TAZ:

o Amenability to stage construction
o E::tent of the process train vis-a-vis O&M requirements
o AdaptabUi ty to unforeseen developments
o Timing upon need for downstream facilities

AGTP will require major expansions and upgrading in the n~aJ' future to
acco~modate rapidly increasing loads and to simultaneously improve the quality
of the effluent being discharged to the Seil Amman. TAl is more amenable to
stage construction than TAZ in tha.t a completely new activated sludge plant
would first be buUt on the southern plant site under TAl, thereby taking up the
load and permitting subsequent conversion work to be done on existing secondary
sedimentation tanks and aeration tanks. TAZ woultJ not permit this and would be
less flexible. This is a significant advantage of TAl and TAZ.

Introducing an extra process in the overall treatment process train automatically
adds to the complexity of the total process, even when the added procel:'s is
relatively straightforward, as in the case of roughing fUtel's (oxidation towers).
Having such added facilities in the system adds to the probability of pl'ocess
inte1'l'uption due to mechanical failUl'e or huml:&Jl erl'ol' and places an additional
burden upon operation and maintenance (08cM) personnel. This is of some
significance in industrial countries but should be taken even more seriously in
developing nations, particularly if there are likely to be difficulties in obtaining
and retaining adequatedly qualified 08cM personnel.

The benefits in energy cogenel'ation would favor TAZ ovel' TAl, slightly to
moderately. In the United States, there is already considel'able intel'est in such
endeavol's in municipal treatment plants because of high energy costs. Howevel',
thel'e are substantial capital and 08cM costs entailed. In the case of AGTP, it is
uncel'tain whethel' such a factor should be relied upon in deciding betwee:D TAl
and TAZ, in view of the complexities and the need to have fail'ly reliable
opel'ation in order fol' the system to payoff. Cogeneration should be und4utakeu
on its own merits l'egardless of the biological treatment method selected b;(lt only
when it is assUI'ed that both adequate capital and OhM funds are available.

The future quantities and characteristics of the wastewatel' to be tl'eatecJ at
AGTP have bl3 l'!n pl'ojected based upon the best available information. The fut\!.~e

strength of the wastewatel' has been assumed to be about the same as the pl'esent
strength, even though the pel' capita wastewatel' pl'oduction has been projected to
;':lcrease moderately, due to greater availability of watel' supply to populated
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areas. This conservative approach was undertaken to ensure adequate capacity in
the facilities being planned for AGTP. It recognizes that only a modest increase
in industrial organic contributions is likely, due to the effects of planned
industrial developments outside the AWSA system.

It does not appear very likely that the future wastewater will be any stronger than
that which has been projected, but it could turn out to be somewhat weaker than
premised. If this should occur, the effects upon TAl and TAZ would probably not
be much different. However, there would be commensurately reduced
justification for introducing roughing filters to the process train in order to
facilitate downstream activated sludge operations.

If the future wastewater flows should be less than projected, both TAl and TAZ
would be affected in about the same way. However, if the flows became greater
than projected, there would be an earlier need for full utilization of the AGTP
site, and TAl would have an advantage because the process is less land-intensive.

Future flow coming to the AGTP site will eventually exceed the capacity of the
future AGTP facilities, and it will be necessary for the excess to be diverted
downstream in a new trunk sewer leading to a new, future treatment plant at
Khirbet er Ruseifa (the KRTP). Under normal times of limited inflation, a
present worth analysis could be made of the value of deferring construction of
these facilities. However, present economic conditions are probably too uncertain
to warrant such a calculation, and it should suffice to indicate that if other
demands for capital and O&M funds exist in the mid-future, these would be more
readily satisfied under TAl and TAZ. As regards future trunk sewer and KRTP
capacity, the Zl,OOO m3/day difference between the basic 96,000 m3/day of TAl
and 75,000 m3/da'y of TAZ can be placed into some perspective as follows:

o The trunk sewer capacity difference would be about 1.8 times
Zl,OOO m3/day 01' Z6.3/m3/min (438 l/sec). In the flow sizes and
constructilon/hydraulic slopes that would be involved, this incremental
peak now would probably require one commercial diameter increase and
at least JD ZO/m increased project cost. For about 5,000 meters of trunk
sewer run, this would correspond to JD 100,000 additional cost, possibly
considerably more.

o The KRTP is located. in an industrial area where land costs are very
appreciable, in the order of JD l5,000/dunum. Inasmuch as the additional
Zl,OOO m3/day of treatment plant would require from about 15 to 30
dunums, depending upon the process used and the amount of crowding to
be tolerated, the increased capital outlay could approach JD 0.5 million.
There might also be cost differences between AGTP and KRTP in
providing the same amount of capacity.

Conclusion as to Preferable Alternative

The foregoing discussions have indicated capital outlay advantages favoring TAl
over TAZ and, in most instances, O&M cost advantages as well. If future energy

L-15



COMPARISON OF ACTIVATED SLUDGE WITH ROUGHING FILTERS-ACTIVATED SLUDGE

cost escalations are experienced, this would reduce the O&M and overall cost
advantages of TAl. If oxidation tower ventilation and odor control system
facilities for TAZ were to be deferred or eliminated, the overall cost advantage
could swing into the favor of TAZ, particularly if energy recovery through
cogeneration is to be practiced &ld provided energy cost escalation materializes.
Elimination of intermediate clarifiers between the oxidation towers and activated
sludge system appears unwarranted, both as regards conservation practice and
according to any likely monetary benefits to be achieved. Finally, intangible
considerations such as system complexity and reliability, amenability to adapt to
unforeseen circumstances, and integration with the future downstream KRTP
facilities generally favor TAl over TAZ.

The weighing of the several aspects of the matter, described above, leads
JMM/DMJM to the conclusion that either TAl (activated sludge alone) or TAZ
(roughing filters-activated sludge) could properly be selected as the appropriate
biological treatment process for AGTP for the future. Inasmuch as NPC (and
AWSA) favor TAZ, JMM/DMLTY have concurred. The remainder of this report
proceeds on this basis.
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Even with steep urban terrain, the misuse of
sanitary sewers can sometimes lead to a partial
obstruction in the AWSA collection system.
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. but typically high flow velocitIes appear to minimize

the sewer sulfide corrosion potentials. (below)
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Most of the dry-weather Seil Amman flow above ~in Ghazal Treatment Plant is
wastewater. (below)
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The Ain Ghazal Treatment

Plant (AGTP) lies next

to the Seil Amman in a

very narrow valley .
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. below the municipal

slaughterhouse (back

ground), and immediately

below the septage dumping

manhole (trucks in fore

ground. )
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AGTP expansion to
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Looking westerly across AGTP from the hillside to the east.
flows in a flood control channel adjacent to AGTP.

(above)

The Seil Amman

Looking northerly across the blower
bUilding and sludge drying beds of
AGTP. The Seil Amman is no longer
channelized past the AGTP.

(right)
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....The AGTP site is unusually elongated,
dictated by the terrain. .....
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Industrial wastes from the Municipal Slaughterhouse have an impact throughout much of the AGTP.

The intermittent high strength loadings of septage
discharges at the dumping manhole

~
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Plant influent is forced
to rise over a concrete
weir in the AGTP headworks,
causing the flooded
influent sewer to trap
debris which must be
removed by laborers. Bar
minutors are in the
building shown.

The stage recorder at~he Sutro weirs
for measuring plant inflow often
requires maintenance.

Due to mechanical difficulties, some
preaeration basins used for grit
removal may be shut down for weeks
on end.
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The ineffectiveness of
the aerated grit removal
facilities in removing
grit adequately . . .
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• • • impacts various
downstream facilities •



Dewatering has begun. Grit deposits are now
draining. Screw conveyor is completely covered
and impacted. (above)

Dewatering progressing, many days
afj-.,~ ~:;"l start. (right)

After many weeks of dr~ining, grit is partially
removed. Part of screw conveyor is finally
exposed. (below)

.. ,,~

After complete cleaning of the
tank, screw conveyor is fully
exposed. (below)

LOOKING DOWN 1N'1'0 l\ PREl\ERl\'I'ION TANK AT l\GTP.



Operations conditions are
sometimes difficult.
Maintenance requirements
are often unusual

in many parts of AGTP.



As in most wastowater treatmont plants, sludgo disposal is a
continuing challenge for AGTP.

~'he AGTP sludge drying beds were never intended to
dewatering capability for all the plant's sludge.
only a portion of the production.

have full
They handle
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Most of the wet sludge from the digesters leaves AGTP via
trucks such as these.
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Chlorinated AGTP effluent empties into a small
shallow lagoon and discharges to the otherwise
nearly dry Seil Amman below AGTP
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and past a potable drinking water well which is

used to fill tanker trucks.
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The Seil Zarga flows through both urban and
rural agricultural areas

. before dropping into the upstream reaches
of King Talal Reservoir
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• whose waters are open to the public and are already eutrophic.



Sewerage works
construction may
expose antiquities
such as at Salt.

Antiquities
uncovered near
newly built treatment
plant.

Treatment plant space
along natural drainage
courses is often very
limited.
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Flow measurement and disinfection
are important steps at all treatment
plants.

Simplicity of operation is desirable,
especially in the smaller plants.

Treatment Plant Sludge processing and disposal are important
concerns. '.
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The steep terrain
confines treabnent plant
effluents to the nearest
wadi.

Wadis are usually pre
cipitous and offer
limited space for
treatment plant siting.

Flowing water has
attractions in water
deficient Jordan.
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