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SECTION 1

INTRODUCTION

Camp Dresser & McKee International 1Inc. (CDM) undertook
conceptual design of the As-Samra Wastewater Stabilization Pond
(WSP) System under an agreement between the United States Agency
for International Development (USAID) and CDM, dated December 1,
1992. Two documents were prepared during the conceptual design
of the project, including the Design Report and this
Environmental Assessment Report.

A description of the system and historical background to the
project are provided in Section 2.

1.1 Contract Lanquzge

The agreement states that under this task, a review of the
environmental assessment presented in the Draft Feasibility Study
(Ref. 1) will be made to ensure that the assessment covers the
emergency short-term improvements program, including the
following activities:

a) Review of the environmental impacts;

b} Environmental =scoping statement;

¢} Agriculture water use impacts;

d) Public health impacts;

e) Odor and other air quality impacts;

f) Land use and bioclogical impacts;

g} Environmental impact mitigation concepts;

h) Assessment of archaeological remains which might be
encountered in implementing the short-term improvements
program, along with a plan for damage mitigation.

The agreement further states that comments generated from this
review will be discussed with USAID and a separate Environmental
Assessment Report will be prepared to cover the short-term
emergency program. The focus of this report is the assessment
of environmental impacts resulting from the conditions (i.e.
design criteria) established by the Water Authority of Jordan

(WAJ), USAID, and CDM. The original version of the report was
submitted to USAID at the Design Report completion stage.

The full text of the Statement of Work is attached hereto as
Appendix A.

DRAFT - REV. 7/18/53



1.2 Review of the Environmental Scoping Statement of March 1992

As part of the conceptual study for upgrading and expansion of
the wastewater stabilization pond system at As-Samra, performed
in 1992, an Envirconmental Scoping Session was conducted on 28
March, 1992. The purpose of the meeting was to begin the process
of identifying significant issues relating to the proposed action
and determining their scope. The document resulting from this
meeting is the Environmental Scoping Statement (Ref. 2). For
convenience, this document is attached hereto as Appendix E.

Attendees to the scoping session included USAID; WAJ; Jordan
Valley Authority; representatives from numerous relevant other
ministries; representatives from Amman and Zarga Governorates and
from the villages of Ruseifa, Sukhna, Hashimiya, Abu Sallih,
Guiyesha, and Khirbet As-Samra; the Royal Scientific Society; the
Amman Council of Industry; the Royal Society for Preservation of
Nature; the American Center for Oriental Research; and the
consulting engineers.

Environmental issues identified as being of primary concern are
as follows:

a) Maintenance and protection of public health for irrigators,
rural communities, and irrigated crop consumers.

b) Protection of the surface water and irrigation resources of
the Zarga Basin and the Jordan Valley.

c) Protection of groundwater resocurces from contamination by
wastewater, sludge disposal and effluent, especially in the
Wadi Dulheil.

d) Improvement and minimization of nuisances, cdors,
appearance and effluent color, and insects.

e) Improvement of water quality of the King Talal Reservoir.

f) Control and minimization of salts, boron, foam-causing
chemicals, and metals in the effluent.

g) Protection and preservation of antiquities at Ain Ghazal,
along the wadis, and at the As-Samra site.

h) Conservation of water and power in delivery and treatment.

i} Reduction of risks of uncontreolled or accidental by-
passing, leakage, and release of raw sewage or poorly-
treated effluenc.

Issues considered of secondary rank were:

a) Odors and nuisances from surface water in the Wadi Dulheil
and Wadi Zargqga.
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b) Conservation of resources.

c) Protection and improvement of biotic resources of the Zarga
Basin.

d) Mitigation and rehabilitation of areas disturbed by
construction.

e) Support for and avoidance of interference with existing
land uses.

For each of these the Scoping Statement gives a brief discussion
of why the proposed work will cause negligible adverse impact or
provide a benefit.

As presented at the scoping session, the statement briefly
reviews the effects of the existing system on the environment and
those anticipated from the various alternative concepts for
upgraded and expanded delivery and treatment facilities.

The Scoping Statement then cites the environmental evaluations
to be prepared in the course of the 1992 work:

0 Environmental Assessment of existing facilities, as part of
the Survey Report;

© The Environmental Scoping Session and Statement;

o Evaluation and ranking of conceptual alternatives, as part
of the Conceptual Study Report;

o Environmental Assessment of the Proposed Project, as part
of the Feasibility Study Report.

1.3 Review of the 1992 Environmental Assessment Report

Review of the Environmental Assessment presented in Section 9 of
the Draft Feagibility Study by Engineering Science (Ref. 2 and
Appendix F) showed it to be generally adequate in matters
relevant to the proposed short-term improvements, with the

following gqualifications:

a) No discussion is made of the matter of the disposal of
screenings and grit from the Ain Ghazal Treatment Plant

(AGTP) .

b) Although there is a routine environmental analysis of the
siphon from AGTP to As-Samra which provides some
interesting geographical and cultural information, the
perilous situation of the siphon due to erosion in Seil
Zarga is hardly treated at all therein.

c)} There is essentially no discussion of the environmental
impact of the sludge-removal operation or of sludge

disposal.
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Aside from these issues, which are addressed thoroughly in the
present report, the Environmental Assessment by Engineering
Science contains much useful information, is complementary to the
present report, is incorporated here by reference (and reproduced
herein as Appendix F), and endorsed, insofar as issues related
to the Short-Term Improvements are concerned.

1.4 Format and Approach of this Environmental Assessment Report
1.4.1 Environmental parameters

The list ©f environmental parameters to be considered in the
present report is as follows:

a) Use of sewage effluent in agriculture;
b) Use of sludge on agricultural land;
c) Public health :impacts;
d) Biological impacts;
e) Land use impacts;
f) Archaeological assessment;
g) Flooding;
h) Power consumption;
i) Odor and other nuisances; and
j) Seismicity concerns.
These parameters will be discussed in Section 3.

1.4.2 Short-term irnprovements to be made

The short-term emergency improvements can be categorized by sub-
system as follows:

a) Ain Ghazal Treatment Plant
i) New headworks (ie, the Pretreatment Facility)
ii) Rehabilitation of existing headworks
[Note: Siphon bypass arrangements at AGTP are dealt

with below]

b) Siphon
i) Short-term siphon protection measures

ii) Longer-term siphon protection measures
iii) Siphon bypass arrangements at AGTP
iv) Measures at the emergency pond
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¢) As-Samra Wastewater Stabilization Ponds (WSP)
i) Reconfigured and enlarged inlet works
i1i} Provisicn of mechanical aerators
iii)} Rehabilitation of disinfection system
iv} Removal of accumulated sludge from ponds

The AGTP, the siphon, and the As-Samra WSP subsystems will be
discussed in Sections 4, 5, and 6 respectively.

1.4.3 Screening matrix format

There are at least three settings in which environmental impacts
may be considered:

N: Normal, everyday operation of a facility.

C: Construction impacts, sustained during a limited
construction period.

E: Emergency conditions, and perhaps for a limited recovery
period following an emergency.

The environmental assessment can thus be conducted by
systematically considering each cell of a three-dimensional
matrix: "Short-term measure" x "Impact Type" x "Setting".
Screening matrices will be used in Sections 4, 5, and 6, and in
the environmental evaluations of alternative actions presented
for each sub-system in Section II1I of the Design Report.
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SECTION 2
BACKGROUND

2.1 GENERAL

The United States Agency for Internatiocnal Development (USAID)
entered into an agrecment with Camp Dresser & McKee International
Inc (CDM) to provide engineering services for conceptual and
final design and preparation of tender documents for the
Emergency Short Term Improvements of the As-Samra Wastewater
Stabilization Pond (WSP) System.

The Emergency Short Term Improvements Project was conceived as
a result of the termination of the consulting engineering
agreement between the Water Authority of Jordan (WAJ) and the
association of Engineering Science Inc. (an American firm) and
Consulting Engineering Center (a Jordanian firm). Under the
terminated agreement, the consultants were to prepare a
"Technical and Economic Feasibility Study and Final Design of
Upgrading and Expansion of the As-Samra WSP System". Upon
conclusion of the consultant-terminated work, three reports were
submitted to the WAJ; these are:

© Final Report - Survey of Existing As-Samra WSP System dated
March 1992,

o Final Conceptual Study, dated June 1992, and

o Draft Feasibility 3Study, dated August 1992 (submitted Octocber
1992} .

The scope of work o¢f the Emergency Short Term Improvements
program was identified and adopted by the WAJ to address the
urgently needed improvements to the As-Samra WSP System. Under
this Emergency Short Term Improvements Project, an assessment of
the performance o©f the existing facilities at the Ain Ghazal
Treatment Plant (AGTP)and As-Samra WSP Sites was assessed and
conceptual and final designs of facilities for the short-term
needs (i.e.through Year 1997) was prepared. Where the short-term
needs require expansion of facilities, they were designed to
accommodate the long-term (i.e. Year 2005) needs. Also, when
designing treatment improvements to meet the short-term needs,
verification of the suitability of the treatment process and
provision for the long-term expansion were made.

The existing As-Samra System collects, treats and disposes of
wastewatex from areas in Amman, Zarga, Ruseifa, and Hashimiya
(refer to Figure 2.1 - Project Location Map). This system
handles sewage from an estimated connected service area
population (Year 19¢0) of 1.14 million people; the population is
projected to grow to approximately 2.6 million people by the year

2005.
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The existing As-Samra WSP System consists of: (1) Headworks and
septage handling facilities at the Ain Ghazal Treatment Plant
site, which receives wastewater flow from the Amman area; (2)
39.6 km long sewer/siphon, which conveys wastewater from AGTP to
the As-Samra WSP site; (3) Zarga Pumping Station and preliminary
treatment facilities discharging into the siphon; (4) Hashimiya
Pumping Station which discharges directly to the inlet structure
at the As-Samra WSP site; and (5) As-Samra WSP Facility which
consists of an inlet structure, three trains of stabilization
ponds each consisting of two anaerobic, four facultative and four
maturation ponds, and disinfection facilities.

2.2 Description of the System

The As-Samra Wastewater Stabilization Pond System is an extensive
infrastructure which collects, treats and disposes of a major
portion of the wasteswater generated by the people, commercial
establishments and industries in Amman, Jordan. The system also
handles and treats wastewater from Zarqga, Ruseifa, and Hashimiya.

The As-Samra WSP collection system is a combined sanitary and
storm runoff system. During dry weather periods, it receives
mainly household, commercial and industrial wastewater and a
small base flow from the groundwater table. During wet weather,
considerable amounts of surface runoff are also directed to the
sewer system for treatment and disposal. The system was designed
to hydraulically handle the incoming wet-weather flow and to
treat the dry-weather pollution load it receives.

The initial facility for treatment of wastewater in the Amman
area is the Ain Ghazal Treatment Plant, which was built and
commissioned in the early 1970's. The plant was designed to
provide secondary treatment for 60,000 cu m/d dry weather flow.
The system was designed for a pollution load of 300 mg/l BOD.
When the plant was placed in operation, the incoming BOD load was
found to be about double the design lcoad and the plant capacity
for adequate secondary treatment turned out to be on the order
of 30,000 cu m/d. The plant was operated for several years with
increasing overload and with increasing operation and maintenance
costs.

The 1982 Master Plan for the Wastewater Disposal in the Greater
Amman Area recommended expansion of the AGTP. It also
recommended wastewater stabilization ponds at As-Samra to
provide for wastewater treatment on a temporary basis during the
AGTP expansion and to relieve overloaded conditions at the
expanded AGTP during wet weather. These changes were implemented
under the Immediate Relief Project (IRP) between 1983 and 1985.

The IRP treatment system consisted of pretreatment using
screening and gri: removal, and a series of wastewater
stabilization ponds located at Khirbet As-Samra. The wastewater
is pretreated at th2 Ain Ghazal site and then conveyed through
39.6 km of 1228 mm pipe to the As-Samra site, where it is metered
and distributed to three trains of stabilization ponds for
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treatment, disinfection by chlorination and discharge. The
effluent flows in a natural channel for about one km and
discharges into Wadi Dulheil, which is tributary to the King
Talal Reservoir (KTR).

The IRP also included facilities at the AGTP to receive and
handle septage and sludge trucked from other plants to the Ain
Ghazal site for disposal. Small amounts of septage had been
received at a manhole upstream of the AGTP prior to the IRP. The
new IRP septage facility provided improved facilities for
receiving and draining septage trucks, two manually-cleaned bar
screens, an aerated grit chamber and a large septage storage
tank. The septage screens and grit chamber are housed in
buildings to contain odors and an odor control system was
provided to control odors from these buildings, as well as from
the grit storage tank. The screened and degritted septage is
gravity-piped for disposal to the As-Samra Ponds via the inverted
siphon.

As indicated above, the IRP system was initially conceived to
handle and treat Amman’s wastewater flow while the existing AGTP
was out of service for expansion and maintenance. The plan was
to construct the IRP system for full service until the new AGTP
was returned to service. After the AGTP was returned to service,
the inverted siphon and treatment ponds were to be used for wet
weather flow in excess of the AGTP capacity. This would likely
have resulted in reduced organic loadings, with runoff-diluted
wastewater in the winter months and virtually no loading during
the summer months. It is probable that during normal rainfall
vears there would have been no effluent for discharge, the water
having evaporated during the summer.

After the IRP construction was started, the decision was made to
change the overall plan, to abandon the expansion and maintenance
of the existing AGTP process units and send all wastewater to the
WSP for treatment and disposal to the wadi. Thus, the WSP was
transformed into a full-time system. Moreover, loads and flows
have increased significantly since As-Samra was commissioned in
1585. The WSP system 1s now being subjected to loadings
considerably in excess of those for which it was designed and is
performing reasonably well under the circumstances. In 1991,
hydraulic load averaged about 100,000 cu m/d, compared with a
design flow of 68,000 cu m/d. Similarly, organic load is
excessive. The BOD load in 1991 was about 67,000 kg/d, up from
the design BOD load about 38,000 kg/d. And, in 1992, flows and
loads were higher than in 1991. With these excessive loads, the
effluent from the ponds often does not meet the original design
standards for fecal coliforms. Effluent BOD is of the order of

120 mg/l.

2.3 Existing Conditions

The investigation and assessment of the capacity and performance
of the existing As-Samra WSP System under this Emergency Short
Term Improvements project were limited to the (1) headworks and
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septage handling facility at the AGTP site, {2) erosion and
corrosion of the siphon which transports wastewater flows from

the AGTP site to the As-Samra ponds site, and (3) WSP facility
near the village of Xhirbet As-Samra.

At Ain Ghazal, the headworks are hydraulically overlcaded and
wet -weather wastewater flows in excess of the siphon capacity are
diverted to the wadi. Furthermore, due to the detericrated
conditions of the existing wastewater and septage screening and
grit facilities and the difficult O&M environment, wastewater
flows, including septage, are frequently bypassed to the WSP
without treatment. In addition, odors from the AGTP headworks
reach residential areas up to several kilometers away. High
levels of hydrogen sulfide in the septage screen and grit
buildings prohibit proper O&M of these facilities.

At _the 38.6 km long siphon, one of the four existing cathodic

protection transformer/rectifier stations is completely
inoperative. Several anodes in the remaining three stations are
n¢ longer working and require replacement. In addition, the
portion ©of the siphon pipeline situated in the wadi has been
severely exposed by the meandering action of the stream at
several locations and threatens to expose it at several other
locations.

The waste stabilization ponds_ at As-Samra are situated on a

gently sloping, relatively large plot of land in a sparsely
settled area east of Hashimiya, northeast of Amman. Flow through
the three trains is by gravity, generally by means of weir and
open channel structures from pond to pond. Piping is used only
to distribute the flow from the siphon and headworks to the first
anaerobic ponds, across the o0il pipeline which bisects the site
and from the M-4 ponds to the chlorine contact pond. The
detention period in the ponds depends on the rates of flow and
evaporation, but generally it is less than 25 days. This is far
fewer days than is generally provided for an unaided waste
stabilization pond installation. Losses of water to evapcration
and seepage vary from nearly zero in the winter to as much as 26
percent during the summer. There is no evidence of seepage from
the ponds, and it is believed seepage from the ponds is minimal.

In addition to receiving flows from Amman, the ponds also receive
flows from Zarqga, Ruseifa and other communities. The organic
loading to the pond system is excessive and the effluent from the
ponds often cannot meet the IRP design standards for BOD and
fecal coliforms. Also, H,;S8 odors from the ponds reach
residential areas up to several kilometers away. Sources of
highly concentrated odors are the inlet structure, the outlet
structures at the anaerobic ponds, and the distribution chamber
between the anaerobic and facultative ponds.

In addition, sludge deposition in the anaerobic ponds has reached
a point where it should be removed. The depth of sludge in the
first set of anaerobic ponds, for example, has accumulated to 4.7
meters in some locations. If not removed, the sludge will
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continue to decrease the volume of the ponds to such an extent
that their effectiveness will be further impacted.

The WSP facility is described further in Section 2.5.

2.4 Proiect Design

According to the Agreement between USAID and CDM, the following
five (5) tasks are to be performed:

Task 1 - Field Investigations and Data Collection. Under this

task, the following are to be completed during this conceptual
design phase:

Task 1.1- Topographic Survey

Task 1.2- Geotechnical Investigation

Task 1.3- Laboratory Sampling and Testing

Task 1.4- Air Quality Field Measurement

Task 1.5- Pond Sludge Quantification and Characterizaticn

Task 1.6~ Siphon Cathodic Protectiocn and Cover Erosion Survey
Task 2 - Conceptual (Prelimina Design. Under this task, the

following are to be prepared:

o Emergency Short Term Improvement Program/ Assessment Report,
o0 Envircnmental Assessment Report, and
© Project Design Report

Under this conceptual design phase, preliminary design for the
Short Term Improvements is to be performed. This includes:

1. Improvements to grit and screenings systems,

2. Control of emissions at the AGTP headworks and septage
facilities and at the As-Samra WSP site,

3. Improvements to the inlet and distribution system at As-
Samra,

4. Addition of aeration to selected ponds in the As-Samra

ponds, and
5. Study of the As-Samra chlorination faciiities.

Ta 3 - Detailed Design Prepa ion of Docum .
Under this task, comments generated frcm the review of the
conceptual design documents will be incorporated in the final
design. Tender documents (i.e. drawings and specifications) will

" be prepared for bid by American contractors. In addition, a

probable construction cost estimate for the Emergency Short Term
Improvements will ke prepared.

Task 4 - Project Reviews. Under this task, Quality Assurance,
Quality Control (QA/QC) reviews will be provided during the

conceptual and final design phases of the project. Also, reviews
of the deliverables of the conceptual and final design phases
(i.e. Emergency Short Term Assessment Report, Environmental
Assessment Report, Project Design Report, and Tender Documents)
will be made by the WAJ and USAID.
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Tagsk 5 - Project Management. Under this task, mobilization of the
project teams (i.e. Sigma and CDM) and CDM’s visiting specialists
is to be accomplished. 1In addition, this task is to provide for
the liaison with the WAJ and USAID.

The Statement of Work is attached in Appendix A.

2.2 As-Samra Wastewater Stabjlization Pond Facjility

The WSP facility was built under the IRP and consists of three
trains, as shown in Figure 2.2. Details of pond sizes, volumes,
surface area and weirs are contained in Table 2.1. The ponds
include two anaerobic, four facultative and four maturation ponds
in each train and are operated in series. The only intra-train
interchange of flow can occur in the central mixing chamber
situated between the second anaerobic ponds and the first
facultative ponds where flows from the three trains are brought
to the mixing chamber for redistribution to the first set of
facultative ponds. Actually, it is observed that the mixing
afforded in this chamber is not considerable and much of the flow
from one train is returned to the same train downstream. This
chamber, however, affords the redistribution of unequal flow from
the three trains, up to the carrying capacity of the pipeline
from the chamber. This is described in more detail under System
Hydraulics, below.

1. Inlet Facility

The incoming flow to the WSP system is received by pipelines from
Amman and Zarga, and Hashimiya. The flows are combined in an
inlet flume, pass through a critical-depth type open channel
meter and are distributed through a gated distribution structure
tc the first anaercbic pond of each ¢of the three trains.

2. Pond Treatment

The flow into and through WSP system is by gravity afforded by
a gradual slope across the entire site. The normal treatment
functions of pond systems of this type are described as follows:

{a)_Anaerobic Ponds

The anaerobic ponds are essentially settling basins wherein the
settleable suspended solids in the wastewater settle to the
bottom, where they remain. The biodegradable organic matter in
these solids digest, leaving about one-half of the settled mass
to accumulate. The degraded products are mostly in soluble form
and are returned over time to the water flowing through the
ponds. These soluble constituents still exert a significant
loading in downstream ponds but, overall, about 50 to 60% of the
pollution load is removed in the anaerobic ponds. Periodically,
these ponds will fill up with residue (sludge) which must be
removed if the effectiveness of the ponds is to be maintained.

2-7
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{b) Facultative Pornds

The facultative ponds are intended to operate with two levels of
activity. The lower level, up to about one-half of the pond
depth, is intended to be anaerobic (i.e. devoid of dissolved
oxygen, DO). Solid matter and anaerobic organism bodies which
escape from the anaercbic ponds settle to the bottom and are
further degraded anaerobically, generally by organisms which can
live with or without DO. The upper layer of the facultative
ponds is intended to be aerobic, where DO is present. The source
of this DO is the atmosphere. The transfer of oxygen from the
atmosphere depends upon the rapidity with which the air-water
interface is changed, upon temperature and upon DO deficit in the
water. Rapid changes in the air-water interface are enhanced by
winds creating waves and causing mixing in the pond. Floating
material, scum and/or oily layers on the surface decrease
significantly the transfer of oxygen from the atmosphere.

Facultative ponds which are overloaded to the point where there
is no DO in the upper layer, such as at As-Samra, are only
extensions of the anaerobic ponds. 1In order for them to carry
out their function, to provide the initial aerobic decomposition
of the waste materials, facultative ponds must be loaded lightly
enough so that the oxygen demand in the pond water can be
satisfied by oxygen transferred from the atmosphere. When the
loading to such ponds has more oxygen demand than can be
transferred from the atmosphere, artificial or mechanical
aeration and/or mixing devices must be installed to supply the

deficit.

In most pond systems employing facultative ponds, the facultative
ponds are large in area and provide long detention times (as many
as B0-120 days). The As-Samra WSP facultative ponds afford far
fewer days detention time than normally are designed and are
overloaded to the extent that little or no DO is present :in the
upper levels. Therefore, these facultative ponds must either be

increased in area and volume, be more lightly loaded, have their

efficiency maximized, or be given outside help by way of an
additional oxygen supply. Their efficiency can be aided somewhat
by_installation of baffles to reduce the dead or stagnant areas.
The series configuration of the As-Samra WSP design is a benefit
in this regard but the present design can be improved only to a
limited extent by properly placed baffles in the unaerated ponds.

(¢} Maturation Ponds +

The maturation ponds are usually called "polishing" ponds in the
USA because their function is to ready the effluent for final
disposal. This is accomplished by providing an environment
wherein stabilized sclids and organism bodies can settle,
predators can feed on bacteria and algae, the final oxidation of
nearly stabilized organics can take place and the DO levels can
be brought up to saturation. Effluent disinfection is ocften not
necessary for properly sized and operated maturaticn ponds.
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Oxygen transfer is rnot so impertant in maturation ponds as are
clarity for penetration of sunlight and quiescence for settling,
either upward or dcwnward, of debris. Detention time in
maturation ponds of 10-12 days is effective in killing nematode
eggs, required of As-Samra WSP effluent.

d} Sludge Quantity and Qualit

The WSP influent deposits much of its suspended solids contents
in the anaerobic ponds. There has been no sludge removed from
these ponds since the system was commissioned in 1986. It has
been reported that measurements of sludge depth in early 1989 in
Pond A2-1 showed an average depth of 1.8 meters (i.e deposition
rate of approximately 0.6 meter per year). Sludge depth in the
middle portion of the pond was much higher than at the sides.

Based on the estimated rate of sludge deposition in the anaerobic
ponds, it is projected that the sludge has reached a point where
it should be removed (i.e. more than the design limit average of
2.0 meters}.

When sludge is removed, the overall hydraulic retention time in
the system will be increased, sludge will not be swept into
subsequent ponds during wet-weather flow, and organic loading on
the facultative ponds will be reduced. Thus, the average final
effluent guality should improve. Accordingly, the desludging of
the ponds was included under the scope of work of this Emergency
Short Term Improvements Project.

To investigate the desludging, processing and disposal options
for sludge and to provide recommendation for sludge handling
under the short term program, it was necessary to implement a
field investigation program to (1) estimate the amounts of sludge
in these ponds, and (2) provide information on the physical,
chemical and biological characteristics of the sludge.

A sludge field investigation program was implemented in January-
February 189853, A detailed description of the program
methodology, sludge depth measurements and laboratory testing
results are included in Appendix B of the Design Report.

A limited sludge depth measurement effort in the first
facultative pond of the middle train, Pond F2-1, was made. The
results indicated rcughly 0.30 meter of light sludge . It was
therefore concluded that only negligible amounts of sludge are
deposited in the ponds downstream of the six anaerobic ponds.

Also, a very thick layer of scum covers large areas of the first
anaerobic ponds of the three trains. From one third to half of

the pond surface area is covered with such scum. This layer
moves in the direction of wind and continuously changes its
location. The presence of the scum layer impeded the sludge

depth measurement effort and caused delays. Also, a sample of
the surface floating material from Pond A2-1 was tested at the
RSS laboratory. The test result showed a total volatile solids
(TVS) of ee6%.
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Sludge depth variations, solids content and volumes in the
anaercbic ponds are summarized in Table 2.2.

Table 2.2
Sludge Quantity and Quality
Anaerobic Ponds

Pond Sludge Solids Content (%) Sludge Volume
Depth (m) {(cu m)
No Min. Max. Top Bottom  Avqg. Wet Basis Dry Basis
Al-1 a 3.8 12.3 20.0 16.1 46,758 7,528
A2-1 a.7 4.7 11.8 22.0 16.5 79,314 13,404
A3-1 a 3.7 12.4 19.0 15.7 59,011 9,265
Al-2 c.6 1.¢C 12.4 - 12.4 18,3689 2,278
A2-2 1.5 2.7 12.0 18.0 15.0 50,986 7,648
A3-2 1.4 1.7 10.4 14.0 12.2 40,5820 4 2
TOTAL 255,358 45,992

The average solids concentration of the anaerobic ponds sludge
is estimated at approximately 1S5%.

The measured total volatile solid content (TVS) of the sludge in
the anaerobic ponds ranges between 47 to 73% of the total solids
(TS). The top layers of the sludge are less digested than the
bottom layers.

Sludge samples taken from the anaerobic ponds have been analyzed
also for heavy metals concentrations. The measured heavy metal
concentration in the anaerobic pond sludge is an indication of
the industrial wastewater discharge to the system. Consideration
of the heavy metals concentrations is necessary to develop
alternatives for the disposal of sludge to be removed from the
anaerobic ponds.

These concentrations are within acceptable limits for both the
U.S EPA pollutant concentration limits and the Eurgpean Community
(EC) Agricultural Use limits.

The results of sludge biological and pathogen analysis (i.e.
fecal coliforms and streptococci, salmonella sp., and nematode
eggs}) show levels in excess of the levels considered acceptable
for sludge applied in bulk to agricultural land, forest, public
contact site, reclamation site, lawn, or home garden (Class A and
Class B Regulations). The sludge would therefore have to undergo
a process to significantly reduce pathogens (PFRP) before it can
safely be applied to agricuitural 1land or used as a soil
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amendment .

Refer to the detailed discussion of use of sludge on agricultural
land in Sections 3 and 6.

3. Disinfection Facility

The final treatment process at As-Samra WSP is disinfection
through chlorination for the purpose of reducing bacteria levels
in the wastewater. Chlorine is a substance which is toxic to
wastewater organisms in relatively low concentrations.

The chleorination basin at As-Samra is a small pond, approximately
1.6m deep, with earthen bottom and sides on a slope of 3
horizontal to 1 vertical. The volume is approximately 5400 m?,
depending upon the head over the overflow weir. Detention times
(theoretical) are. 121.5 minutes at 60,000 c¢u m/d flow rate and
34 .7 minutes at 240,000 cu m/d. Transverse baffles are installed
te decrease short circuiting.

Chlorine is supplied in 1 tonne containers from which liquid is
evaporated and metered under vacuum for safety. The chlorine
solution is fed upstream of a metering flume which provides the
necessary mixing and can also be used to pace the feedrate. The
chlorine feedrate, however, 1is generally varied manually in
response to changes in pathogen levels, as determined through
reqular effluent sampling, and when there are changes in flow.

The existing chlorine building consists of a room containing
stored and on-line cylinders of liquid chlorine and evaporator
equipment, and a separate room containing chlorinators. The
building is provided with roof fans for air supply and wall fans
mounted low with a high discharge for exhaust. The design
ventilation rate in both the chlorination room and the storage
room is 15 air changes per hour. Control of the systems is manual
from the control room. Chlorine detectors are installed and
provide automatic start for the fans. The system is manually
operated on an intermittent basis.

The chlorinator room has one supply fan with 100% standby and one
exhaust fan with 100% standby which provide a total capacity of
30 air changes per hour.

The storage room has three supply fans, one of which acts as
standby, and six exhaust fans, two of which act as standby, to
provide a total capacity of 22.5 air changes per hour.

4. System Qperation

At present the As-Samra WSP system is considerably overloaded,
although the anaerobic ponds are doing a superb job of removing
solids and BOD. Operating data for the periocd 1989 through 1552
show that these ponds, on average, decrease the BOD,
concentration from £87.6 mg/l to 264.6 mg/l, a reduction of 62%.
However, the remaining 264.6 mg/l means a mass BOD loading of
34,400 kg/day (based upon a flow rate of 120,000 cu m/d, roughly
today’s average flow) to the facultative ponds. This 62% BOD
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reduction by anaerobic ponds cannot be sustained for long because
these ponds are rapidly becoming full of sludge and their
efficiency will (or has started to) decrease. These ponds must
be cleaned of sludge.

The loading of 34,400 kg/day of BOD to the first facultative
ponds is at the rate of 1548 kg/ha/d. The normally suggested
design rate is 45 kg/ha/d. The facultative ponds operate as
extended anaerobic ponds as is confirmed by zero DO readings in
these ponds, even to the last one in each train.

One of the factors which must be contributing to the occurrence
of zerc DO in the facultative ponds is the observed existence of
an oily covering floating on the water surface. It was observed,
on January 6, 1993, that wunder a wind speed estimated
conservatively at 20-25 km/hr, the Fl1-1 pond surface was
unruffled-- there . were no waves., The surface was covered by a
multi-colored sheen indicative of floating o¢il. The pond was
being deprived of its best source of oxygen, not only by
effective blocking of the air-water interface, but also by
eliminating the water surface interchange through wave action and
pond mixing induced by wind shear. Further observation revealed
that all the ponds of the system were covered with an oily
substance. Samples of this oil, upon analysis, showed the fat,
o0il and grease (FOG) content to be 14 mg/l in Pond F2-1, 17 mg/l
in Pond F2-4, and 10 mg/1l in Pond M2-4. This surface coating of
0il must be eliminated if the ponds are to function as intended.

A summary of operating data for the WSP system 1s included as
Table 2.3. The effluent BOD values are for unfiltered samples.
The effluent quality as represented by these data show that the
system does not meet the required design standards for effluent
goals as shown below.

The design effluent goals for the original pond system were as

follows:
Average filtered BOD, (60 samples) 20 mg/l ui/
Mean effluent filtered BOD, (60 samples) 30 mg/1l
Maximum fecal coliform count (80% or more 100 mg/1

of samples)

5. System Hydraulics

Details of the individual ponds as to depth, surface area, volume
and detention time are contained in Table 2.1. The layout of the
pond system is shown on Figure 2.2. The wastewater flows from
pond to pond by gravity, either by connecting concrete open
channel structures with weirs to control pond levels and rates
of flow between ponds, through or pipelines (also with weirs and
gates) to control flow. In general , there is no means to cause
or allow flow between trains, except between the second anaerobic

and first facultative ponds.

DRAFT - REV. 7/18/91 2-14

BEST AVAILABLE COPY



51-¢

-

-— e 4w aw

EXISTING

AVG FLOW, IN cu.m/d 56801
AVG FLOW, OUT cu.m/d 46830
PERK FLOW, IN cu.m/d 135¢00
PEAK FLOW, OUT cu.m/d 145000
BODS, mg/l 625
TSS, mg/l 704.8
WHATER TEMP, HIGH 22.4
HAATER TEHP, LOW 20.8
RAINFALL, mm ANNUAL 139
BODS ANAEROBIC OUT

BODS5 FACULTATIVE OUT

BODS HATURATION OUT 115
TSS ANAEROBIC OUT

TSS FACULTATIVE OUT

TSS MATURATION OUT

% RED. BOD ANAEROBIC PONDS
ORGANIC LOAD BOD5, kg/d 35380
COD,mg/1 EFFLUENT 385
NH4, mg/1 EFFLUENT 86

B. AIN GHAZAL HEADWORKS
AVG, FLOW cu.m/d

PEAK MONTH FLOW cu.m/d
PEAX DAY FLOW cu.m/d

e — T T e R M = A B W Y W P A L e e By o o o e P e A e e e kb L ek . e e SR B S e M i A e o A S . A A ks Ak M e e e S A -

*  PLANT OPERATING DATA
~» 8 MONTHS AVERAGE

TABLE 2.3

AS*SAHRAlHSP SYSTENM
FLOW AND LOADING CONDITIONS*

1987 1988 1989
68463 80890 90500
56282 67187 72560

149000 140910 169600

131590 111180 1115630
678.7 856.7 736.5 .
728.9 584.3 617

22.3 23.7 22.5
20.2 19.9 19.5
89.7 61 37
285

173.3

110 128.8
156

166.4

173.3

61.3

49220 69000 67800
406 352 330
72 88 85
70560

78846
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96500
82340
169440
111340
704.5
621.8
20.3
18

48
234.2
163.1
155,3

66.8
67820
298
82

69930
79752

194590
112260
706.7
519.3
21.3
18.3
108
236.9
141.5
112.7

186.8
66.5
68110
310
90

70085
86440
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127992
107750
189635
119920
505.3
389.2

123
302.3
199.8
126.3

168.6
40.2

97770
125995
172730



A hydraulic analysis has been made to estimate the flow rate
capacity of all WSP structures. The details of the analysis are
described below. A computer model has also been prepared which
affords quick determination of pond volumes, surface areas,
detention time, heads on weirs, and losses to evaporation and
gains by rainfall. This model is very useful in tracking various
rates of flow through the system.

Wastewater is received at the WSP by pipeline flow into the
headworks structure, which is a rectangular open channel in which
a critical depth type primary element for metering is
constructed. The rate of flow is sensed by an electronic device
which measures the depths of water in the channel. The measuring
signal is transmitted to an electronic receiver at the Operations
Building where it it converted to flow rate. Downstream of the
meter, the channel diverges to accommodate three flow controlling
sluice gates, one for each pond train. The shape of the channel
greatly favors the middle outlet and tends to direct considerably
more than one-thirxd of the flow to pond Train 2. This unbalance
can be corrected somewhat by adjusting the gate settings, but for
accuracy an adjustment would have to be made for each change in
the incoming flow rate. Therefore, the gates are adjusted
infrequently and the unbalance in flow to the ponds is accepted.

Detailed hydraulic calculations show the headworks has a maximum
capacity of 255,000 cu m/d before the channel wall upstream of
the meter is overtopped. If the three gates in the structure are
closed too much, in an attempt to equally distribute the flow,
the walls of the structure could be overtopped at a somewhat
lower incoming flow rate.

The pipelines from the inlet structure to the three first
anaerobic ponds have an estimated capacity of 103,500 cu m/d,
156,900 cu m/d and 100,600 c¢cu m/d to Trains 1,2 and 3
respectively. At greater rates of flow, the inlet structure
downstream of the gates will overflow to the ground.

Where the hydraulic structure between ponds is an open channel
with a flow controlling weir or multiple weirs, the rate of flow
will not be limited for reascnable rates of flow, as long as the
weir and flow channel are not blocked. Therefore, the capacity
of these structures is adequate for any reasonable rate of flow.
These weirs have been rated (in conjunction with preparation of
the hydraulic model! to show the relationship between head, H,
on the weir and rate of flow, (Q, over the weir. This
relationship is H = 0.000145 Q°*? for anaerobic ponds and H =
0.000166°%%° for all other ponds. These formulas are for an

overflow structure made up of 2-2 m wide weirs. For weir
structures made up of a 1-2 m wide weir, H = 0.000327 Q%% (H is
in meters and Q¢ is in cu m/d). The outlet weirs from the second

anaerobic ponds, of different design, are rated as H = 0.000170
QD.HS .

DRAFT - REV. 7/:8/93



Pipelines are also used between Ponds F1-2 and F1-3 ; F2-2 and
F2-3; and M3-2 and M3-3 where the Jordan Petroleum Corp. pipeline
passes through the pond site. Estimates of the capacities of

these pipelines are : from F1-2 to F1-3, 92,700 cu m/d; from F2-2
to F2-3, 42,400 cu m/d; and from M3-2 to M3-3, 118,400 cu m/d.
All these pipelines will be too small to handle the long term
flow rates expected at As-Samra WSP system.

Pipelines are also used to convey the flows from the M-4 ponds
to the chlorine contact chamber inlet flume. It is predicted,
based upon hydraulic analysis, that the pipeline from the
metering flume to Manhole 2P, handling flow from the Trains 1 and
2, will be surcharged at flows in excess of 140,000 cu m/d and
manhole 5P will overflow its top at more than about 260,000 cu
m/d. The pipeline from M3-4 is short and steep and has capacity
well in excess of 240,000 cu m/d.

Visual inspection o©of the pond layout indicates that there is
considerable hydraulic short-ciruiting within most of the ponds.
Furthermore, among the anaerobic ponds there is short-circuiting
in the additional sense that flow has been poorly distributed
among the three trains, with a greater amount being directed to
Train 2. Accordingly, sludge deposits in that train are greater,
so retention time is least. Therefore, the mean residence time
in th anaerobic ponds is less than if flows and volumes did not
vary from pond to pond.

Lastly, the analysis of the capacity in the metering flume at the
chlorine contact pond, indicates the walls of the flume upstream
¢f the meter element will be overtopped at a flow rate of about
230,000 cu m/d.

6. Odor Survey at As-Samra

An odor survey was performed at the As-Samra wastewater
stabilization ponds on January 21, 1993. The same instrument as
was used in the Ain Ghazal survey was again used to measure
hydrogen sulfide at this site. Hydrogen sulfide measurements
taken at As-Samra are summarized in Table 2.4.

On the day of the survey, moderate to high hydrogen sulfide
levels were recorded at the inlet structure. Hydrogen sulfide
is generated as a result of the anaerobic condition of the
wastewater in the siphon. Specifically, hydrogen sulfide is
produced by the reduction of sulfate species by bacteria under
anaercbic conditions. It is reported by WAJ personnel that
during warm weather, hydrogen sulfide 1levels at - the inlet
structure are much higher. This is expected because the rate of
microbial activity increases markedly with temperature. Also,
the solubility of oxygen decreases with temperature. The
wastewater is likely depleted of oxygen before it enters the
siphon.
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Table 2.4

Hydrogen Sulfide (H,S) Measurements at As-Samra

Source
Location

Hydrogen Sulfide
Concentration (ppm)

A.

B.

A,

Inlet Structure

Outlet of siphon, about
1.2 m above liquid level
Above Hashimiya inlet,
about 1.2 m akove ligquid
level

Above Parshall flume,
about 0.1 m above liquid
level

Upstream of inlet gates
at end of structure, about
1 m above liquid level
Cutlet of gate to Train 1,
after gates, about 0.5 m
above liquid level

Anaercbic Ponds

Cutlet of Pond AZ2-1,
downstream of weir, about
3.5 m above liquid level
Inlet of Pond A2-2, a
downstream encé of channel,
near liquid surface
Outlet of Pond A2-2, about
1 m above effluent weir
Splitter box, about 1lm
above weir

Inlet of Pond F2-1, at
liquid surface

(1/93) (3/93)
10 =)
15-20 9
1.5-7.5 3
0.5-1.0 4-16
10-20

9-10 25-30
%0

65 130
=100 350
100 130
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The anaerobic ponds have accumulated vast quantities of sludge.
This sludge undergoes anaerobic decomposition (digestion) and in
the process releases hydrogen sulfide and other reduced
compounds. Some hydreogen sulfide is released at the surface of

the anaerobic ponds. This quantity is presumed to be small,
since only slight hydrogen sulfide odors were detected coming
from the quiescent ponds. As winds increase, there will be

greater releases of hydrogen sulfide from the ponds surfaces as
turbulence is induced at the air/water interface.

When turbulence is induced into the wastewater, by flowing over
weirs and in channels and other transitions, significantly
greater amounts of hydrogen sulfide (and other gases) are
released. The weirs at the outlet of the first anaerobic pond
in each train are quite high (3.5 m), and hence considerable
splashing occurs downstream of the weirs. Hydrogen sulfide
measurements of 9 to 10 ppm were recorded at this point, but were
probably many times greater closer to the liquid surface. Levels
of 65 ppm and more than 100 ppm were recorded at the outlet of
Pond A2-2 and at the distribution box, respectively.

Since odor levels exceeded the range of the H,S analyzer used in
the initial survey, a follow-up survey was conducted on March 13,
1993 using an instrument with a higher range. On that day winds
were very strong and gusting. Odor levels above the quiescent
pond surfaces were relatively low (less than 1 ppm H,S). H,S
levels above and adjacent to areas of turbulence were very high.
The highest levels were again recorded above the weir between the
anaerobic and facultative ponds. The maximum concentration
measured was 350 ppm. Follow up survey results are reported in
Table 2.4 along with initial survey results.

Equally high levels ol hydrogen sulfide were found at the inlet
of anaerobic pond A2-2 and at the inlet of the first facultative
pond, F2-1.

High hydrogen sulfide levels were also sensed at the weir
structures between facultative ponds.
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SECTION 3

LNVIRONMENTAL PARAMETERS

In this section, the environmental parameters to be considered
will be introduced and discussed. Since the As-Samra effluent
flows primarily through agricultural lands and is used almost
entirely for irrigation, and because a prominently considered
means of residuals disposal is the use of sludge on agricultural
lands, the environmental parameters associated with these
practices will be discussed in detail in this section (see
Subsections 3.1 and 3.2).

In considering the application of effluent or sludge to
agriculture, it is understood that there are four populations
potentially at risk: a}) the consumers of the agricultural
products; b) the farm workers; c) human neighbors of the farm who
are not direct part-.cipants in agriculture; and d) neighboring
flora and fauna, including migratory birds and other animals.

By adopting guidelines of practice that have been developed with
these four populations in mind, one effectively has taken care
of nearly all public health, biological and land use issues, as
well. Any exceptions will be presented and discussed separately.

3.1 Use of Sewage Effluent in Agriculture

This is an issue of major commercial importance, as effluent from
As-Samra forms the prime source of water for irrigated
agriculture along the Wadi Dulheil, which in turn is a major
tributary to the King Talal Resexrvolr, which in turn is a major
source of water for irrigated agriculture in the Jordan Valley.
The WAJ is presently observing the following guideline:

For irrigation of crops likely to be eaten uncooked, sports
fields or public parks, in which the exposed group is workers,
consumers and the public: No more than 1 intestinal nematode
eqgqg per litre, and no more than 1,000 fecal coliforms per 100
ml (geometric mean during the irrigation period).

This is based on the WHO Effluent Quality Guidelines for
Agriculture. A useful discussion of the most recent effluent
guidelines for agriculture developed by the World Health
Organization (WHO) and adopted by Jordan, is presented in WHO
Technical Report Series 778 (Ref. 3). Excerpts from this report
are quoted below.

Standards or guidelines for the quality of wastewater to be used
for unrestricted crop irrigation, including that of salad and
vegetable crops eaten raw as developed over the past 50 years
have tended to be very strict, as they were based on a
theoretical evaluation of the potential health risks associated
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with pathogen survival in wastewater and soil and on crops,
rather than on firm epidemiological evidence of actual risk. To
some extent, those early standards were based on a "zerc risk”
concept, with the aim of achieving an "antiseptic®™ or pathogen-
free environment. At that time, the method of choice for
pathogen removal, as judged by coliform removal, was secondary
biological treatment followed by carefully controlled effluent
chlorination. Since this could, at least theoretically, achieve
very low residual <coliform concentrations, the maximum
permissible number of coliforms was set correspondingly low.

In 1971, a WHO meeting of experts on the reuse of effluents (Ref.
4) recognized that the extremely strict California standards for
effluent reuse were  not justified by the available
epidemioclogical evidence and recommended a microbial guideline
for the unrestricted irrigation of vegetables eaten cooked of not
more than 100 total coliform per 100 ml, which was in effect a
significant liberalization. It was felt in that meeting that
there was a need for wastewater irrigation guidelines to be given
a sounder epidemioclogical basis, and it was recommended that this
matter be fully investigated.

Since that time, extensive new epidemiological evidence has been
accumulated and earlier studies and reports have been evaluated.
The findings of these studies have been carefully reviewed by
leading public health experts, environmental scientists and
epidemiologists at meetings in Engelberg (Ref. 5) and Adelboden
(Ref. 6) in 1985 and 1987, respectively, and at numerous natiocnal
and internatiocnal meetings and consultations. The consensus view
of the epidemiologist and public health experts who have reviewed
these data is that the actual risk associated with irrigation
with treated wastewater is much lower than previously estimated
and that the early microbial standards and guidelines for
effluent to be used for unrestricted irrigation of vegetables
and salad crops norinally consumed uncooked were unjustifiably
restrictive, particularly in respect of bacterial pathogens.

On the basis cof this new evidence, the Engelberg report
recommended new guidelines containing less stringent standards
for fecal coliform than those previously suggested. However,
they were stricter than previous standards in respect of numbers
of helminth eggs, which were recognized to be the main actual
public health risk associated with wastewater irrigation in those
areas where helminthic diseases are endemic. The Engelberg
recommendations were subsequently reviewed and confirmed at the

Adelboden meeting.

After consideration of this preparatory work  and the
epidemiological evidence currently available, the Scientific
Group (Ref. 3) now recommends the guidelines shown in Table 3.1.
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Table 3.1 Microbiological Quality Guidelines for Wastewater Use in Agriculture® as
Recommended by WHO

Category Reuse Exposed Intestinal Fecal Wastewater treatment

conditions Group nematodeg® coliform expected to achieve
{arithmetic (geometric the required
mean no. of mean no.per microbioclogical
eggs per 100ml quality
liter®)
3 Irrigation of Workers, < 1 « 1000 I seriee of
crops likely to consumers, stabilization ponds
be eaten public designed to achieve the
uncooked, sports the microbiological
fields, public equality indicated, or
parks equivalent treatment
B Irrigation of Workers <1 No standard Retention in stabilization
cereal crops, recommended ponds for 8-10 days or
industrial crops, equivalent helminth and
fodder crops, fecal coliform removal

pasture and trees®

C Localized None Not Not Pretreatment as required
irrigation of applicable applicable by the irrigation
crops in category technology., but not less
B if exposure of than primary sedimentation

workers and the
public does not

occur

In specific cases, local epidemiclogical, sociocultural and environmental factors should be taken into
account, and the guidelines modified accordingly.

Ascaris and Trichuris species and hookworms.

€  puring the irrigation pericd.

A more stringent guideline (<200 fecal coliforms per 100ml)} is appropriate for public lawns, such as hotel
lawns, with which the public may come into direct contact.

* In the case of fruit trees, irrigation should cease two weeks before fruit is picked, and no fruit should
be picked off the ground. Sprinkler irrigation should not be used.
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These are based on the fact that in many developing countries the
main actual health risks, as pointed out above, are associated
with helminthic diseases and that the safe use of wastewater in
agriculture or aquaculture will therefore require a high degree
of helminth removal. Thus, these guidelines introduce a new,
stricter approach concerning the need to reduce numbers of
helminth eggs (Ascaris and Trichuris species and hookworms} in
effluents to a level of one or less per liter. This means that
some 99.9% of helminth eggs must be removed by appropriate
treatment processes 1in areas where helminthic diseases are
endemic and present actual health risks (field studies indicate
that helminth concentrations are rarely greater than 1000 per
liter, even in endemic areas).

Stabilization ponds with a retention time of 6-10 days are
particularly effective in achieving this, but other technologies
are also available. While not all helminths and protozoa of
public health importance are referred to specifically in the
guidelines (for example, Amoeba and Giardia species are not
mentioned), the intestinal nematodes covered should serve as
indicator oeorganisms for all of the large settleable
pathogens (including amoebic cysts); other pathogens of interest
apparently become non-viable in long-retention pond systems. It
is thus implied by the guidelines that all helminth eggs and
protozoan cysts will be removed to the same extent.

Based on current epidemiological evidence, a bacterial guideline
of a geometric mean of 1000 fecal coliform per 100 ml for
unrestricted irrigation of all crops is recommended. This is
considered to be technically feasible. The Scientific Group
concluded that no bhacterial gquideline need be recommended 1in
cases where farm workers are the only exposed population, since
there is little or no evidence indicating a risk to such workers
from bacteria; nevertheless, some degree of reduction 1in
bacterial concentration is desirable in wastewater used for any

purpose.

The natural die-off of pathogens in the field constitutes a
valuable additional safety factor in reducing potential health
risks. Pathogen inactivation by ultraviolet irradiation, by
desiccation and by natural biological predators when effluent is
applied to crops and soil can often provide an additional 90-99%
reduction of pathogens within a few days after application. In
addition to this important factor, field and laboratory studies,
which indicated that wastewater effluent with 1000 fecal coliform
per 100 ml contained few, if any, detectable pathogens, were
taken inte account by the Scientific Group in formulating the
guidelines. )

3.2 Use of Sludge on Agricultural Land

3.2.1 Introduction
Sewage sludge has not traditionally been used in Jordanian

agriculture. Yet given the large quantities that will be made
available with the desludging of the As-Samra waste stabilization
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ponds, it is reasonable to consider using the sludge as a soil
conditioner, or soil builder, due to its physical characteristics
and its nutrient content. Such practice is becoming increasingly
widespread in the world and without ill effects, as long as
practice conforms to certain guidelines.

A most useful reference on this subject is Sludge Parasites and
Other Pathogens by Robert Lewis-Jones and Michael Winkler, Ellis
Horwood Ltd, UK, 1991. It describes parasites found in sludge
and means to nullify their ill effects when applying sludge to
agricultural lands, or to gardens or municipal parkland.

3.2.2 Examples of quidelin and re ations

The two examples of official guidelines and regulations that will
be relied upon herein are:

a) The United States Environmental Protection Agency's
Subchapter O in Chapter 1 of Title 40 of the Code of
Federal Regulations, recently amended (November 1992) by
adding Part 503, "Standards for the Use or Disposal of
Sewage Sludge" (Ref. 7}.

b) The Eurcopean Community's "Council Directive on the
Protection of the Environment, and in Particular the Scil,
When Sewage Sludge Is Used in Agriculture," 86/278/EEC,
121 June 1986, appearing in the QOfficial Journal of the
European Communities, L1811, v 29 (4 July), pp 6-12 (Ref.
8}).

USEPA "Section 503"

The USEPA Section 503 standards describe the conditions under
which sewage sludge may be applied to farmland. (The following
brief description is an attempt to capture the essential points
only. The interested reader is referred to the full document
cited.) Aside from general requirements, specified management
practices, and reporting requirements, there are quality
standards for the sludge itself with respect to three categories
of impact: heavy metals, pathogens, and vector attraction.

Heavy metals. For a list of ten elements, there are four sets
of numerical standards {(Table 3.2). Two sets are concentration
values (mg/kg) for metals in the sludge itself, while the other
two sets pertain to loading rates for the metals on agricultural
land (kg/ha/year, and kg/ha cumulative). The pollutant
concentrations in Column (a) are not to be exceeded if the sludge
is to be applied to agricultural land, lawns or gardens, or if
it is sold or given away in bags or other containers. If the
sludge is to be applied to land other than agricultural, lawn,
or garden or, provided that one can be sure that the cumulative
pollutant loading rates of Column (d) are not exceeded where the
sludge is applied, the less restrictive "ceiling concentrations"
of Column (b} may be ocbserved. Column (¢} 1is a maximum
permissible annual loading rate to land for sludge given
away/sold in bags or other containers. Column (d) is a maximum
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TABLE 3.2 HEAVY METAL GUIDELINES FOR SLUDGE APPLIED TO LAND
(USEPA}

#
Pollutant (a) (b) (c) Annual (d)
Pocllutant Ceiling Pcllutant Cumulative
Concentra- Concentra- Loading Pollutant
tions, ticns, Rates, Loading
mg/kg dry mg/kg dry kg/ha/365- | Rates,
wt basis wt basis day period | kg/ha
Arsenic 41 75 2.0 4]
Cadmium 329 85 1.9 39
Chromium 1200 3000 150 3000
Copper 1500 4300 75 1500
Lead 300 840 15 300
Mercury 17 57 0.85 17
Molybdenum | 18 75 0.90 18
Nickel 420 420 21 420
Selenium 36 100 5.0 100
Zinc : 2800 7500 140 2800

permissible cumulative loading rate to agricultural land, forest,
etc. (For exact specifications and conditions, please see the

cited document.)

Pathogens. The regulations present "Class A" and "Class B"
pathogen requirements. Sludge meeting "Class A" requirements
must be met for sludge applied in bulk to agricultural land,
forest, public contact site, reclamation site, lawn, or home
garden; or if the sludge is to be sold or given away in bags or
other containers. The less restrictive "Class B" is for bulk
application to land where food crops meet various criteria, e.q.
of time and distance between sludge application and crop harvest.

There are several versions of "Class A" requirements, all
versions requiring:

Fecal coliforms MPN less than 1,000 per gram of total solids
{dry weight basis), OR the density of Salmonella sp. bacteria
in the sewage sludge be less than 3 MPN per 4 grams of total
solids (dry weight basis), and varying means to test or act to
ensure adequately low concentrations of enteric viruses and
helminth ova.

Appendix C of the document briefly describes processes that may
be used to significantly reduce pathogens (PSRP):
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O Aerobic digestion

© Air drying

© Anaerobic digestion
o Composting

o Lime stabilization

Appendix C of the document also briefly describes processes to
further reduce pathogens (PFRP):

o Composting

o Heat drying

0o Heat treatment

© Thermophilic aerobic digestion
o Beta ray irradiation

o Gamma ray irradiation

0 Pasteurization

There are several versions of "Class B" requirements. One of
these is that the fezal coliform density, as indicated by the
geometric mean of seven samples, be less than 2,000,000 MPN per
gram of total solids (dry weight basis), or less than 2,000,000
Colony Forming Units per gram of total solids {dry weight basis).
This criterion seems to be easily met; from Tables B.7 and B.8
in Appendix B, the fecal coliform concentration (TFCC) 1is
consistently reported to be of the order of 10° to 10’ MPN/100
ml. This is 10' to 10° MPN/1 ml. Assuming a sludge density on
the order of 10 percent solids, divide once more by 10 to obtain
a range of the order of 10° to 10'* MPN/gram dry solids, well
within the limit of 2,000,000 MPN per gram of total dry weight
solids.

For sludge meeting such Class B pathogen requirements, site
restrictions apply, all in one way or another specifying a time
buffer between the time of sludge application and the time of
crop harvesting or other land use. (A copy of these restrictions
may be found in Appendix D).

Vector attraction. The third category of criterion for sludge
application to land refers to measures to reduce the
attractiveness of the sludge to flies or other vectors that can
spread disease. Such measures and criteria include reduction of
volatile solids content, aerobic digestion, pH elevation for
specific durations, sufficiently low percentage of unstabilized
solids, and injection of the sludge below the land surface or
other burial.
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The regulations also have a section on incineration of sludges.

European Community "Council Directive"

The European Community "Council Directive of 12 June 1986 on the
protection of the environment, and in particular of the soil,
when sewage sludge is used in agriculture” establishes the limit
values for concentrations of heavy metals shown in Table 3.3.

The directive specifies that sludge to be applied to agricultural
lands should be treated, except for some subsoil injection or
ploughing-in techniques as member states may exempt. Forage
shall not be permitted on grassland until a period of at least
three weeks, or greater as member states may specify, has passed
since application. Sludge is not to be applied on lands where
fruits and vegetables are grown, with the exception of fruit
trees. If sludge is to be applied to land for growing fruits and
vegetables normally in contact with the soil and normally eaten
raw, there must be a waiting period of at least 10 months
preceding the harvest and during the harvest itself. Sludge is
to be used in such a way that takes into account the nutrient
needs of the plants. The so0il pH is to be monitored because of
its effect on the availability and mobility of the heavy metals.
Specifications are given for sampling techniques and reporting
procedures.

No mention is made in this 1986 directive regarding nematcde eggs
or other parasites.

— — |
TABLE 3.3 HEAVY-METAL LIMIT VALUES (EUROPEAN COMMUNITY)

Element Concentrations Concentrations Loading rate to
in Soil!{mg/kg) in Sludge for Agricultural
Agricultural Land, 10-yr avg
Use (mg/kg) (kg/ha/yr)
Cadmium 1 to 3 20 to 40 0.15
Copper 50 to 140 1000 to 1750 12
Nickel 30 to 75 300 to 400 3
Lead 50 to 300 750 to 1200 15
Zinc 150 to 300 2300 to 4000 30
Mercury 1 to 1.5 16 to 25 0.1
Chromium | (n/a in 1986) (n/a in 1986) (n/a in 1986)
e . — . ______________—1
.2.3 Othe athogens in dge

Salmonella spp. are Gram-negative, flagellate and motile rods,
and are facultative anaerobes. Infection occurs by ingestion of
food or water contaminated by feces from an infected creature,
and perhaps by inhaling contaminated aerosols.

3-8
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Salmonella spp. are the bacteria that traditionally have been of

most concern in the utilization of sewage sludge in agriculture,
and were responsible for 26 percent of identified causes of gastro-
intestinal infection in the UK in 1989. However, that was before
adoption there of guidelines for the use of sewage sludge in
agriculture; it is considered that the health risks from Salmonella
in sludge are small if the guidelines are followed.

3.2.4 Types of agriculture

The acceptable limits for sludge quantity parameters depend
significantly on the type of agriculture considered, e.g. leafy
vegetables, tubers, fruit, fruit trees, grains, or pasture.
Jordanian agriculture includes all such types, and it should be
assumed that sludge may be applied to all types--unless specific
restictions need to be imposed with respect to any type.

3.3 Other Publié Health Issues

While most public health impacts of effluent from the proposed
works have been addressed in Section 3.1, we include here a
discussion of schistosomiasis, based on Ref. 9:

Schistosomiasis

This disease, also known as Bilharzia, is an important disease
whose vector is an aquatic snail. It has not been a problem at the
As-Samra ponds and is not found in Jordan in general.
Nevertheless, a short discussion is in order.

Schistosomiasis in man is caused mainly by one of four species of
trematode worms, two of which are found in the Middle East:
Schistosoma mansoni, infecting man and some animals, and
Schistosoma haematobium, rarely infecting animals.

The c¢vcle. Man excretes eqgs of S. mansoni in his feces, of S.
haematobium in his urine. These eggs must find water where they
will hatch into miracidia. These tiny swimming organisms will
locate and infect an aquatic snail of a particular species. 5.
mansoni mainly infects snails of the genus Biomphalaria, and S.
haematobium mainly infect snails of the genus Bulinus.

The different snail species prefer different habitats but, very
roughly speaking, Bulinus species prefer still or very slowly
moving water and are often found in small pools and water holes.
Biomphalaria can live in gently flowing water and tend to occur in

streams and irrigation systems.

Some time after infection the snail will shed many cercariae which
will reinfect man through his skin when he is in the water or, less
commonly, when he drinks infected water.
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Time element of the cycle. The eggs excreted from human beings

must reach fresh water within three weeks of excretion to survive,
and may not even survive until then. The miracidia that hatch from
the eggs must find a snail host within 24 hours or even less, or
the cycle will be broken. Development within the snail host takes
about four to eight weeks.

ewage ment a arrij o schi miagj nsmissjion.

While intense schistosomiasis transmission may result from the
discharge of effluents to streams and lakes, correct sewage
treatment can prevent this. Different sewage-treatment processes
have different effects upon the survival of eggs and miracidia:

o In primary sedimentation some, but not all, of the eggs will
settle out. (Eggs are unlikely to hatch in sedimentation
tanks, but if they are carried to another, more favorable
environment within 24 hours, they may hatch there.)

o Trickling filters and activated-sludge plants provide a
relatively favorable environment for eggs. Many will pass
through, and many will hatch. (In an activated sludge plant,
most eggs will hatch within a few hours; this is good in that
the miracidia must immediately find a snail within 24 hours,
which usually is difficult).

o0 Waste stabilization ponds with an adequate total retention
time {at least 20 days) will provide a total barrier to
schistosomes. Anaerobic ponds strongly inhibit hatching of
eggs, while facultative and aerobic ponds do not. Miracidia
die within six hours in anaerobic ponds, and within 10 hours

in facultative ponds. In anaerobic ponds snails cannot
reproduce and will die within a few weeks, whereas they can
live and breed in facultative and maturation ponds. If a

viable egg enters a facultative pond in a three-pond system,
it may hatch and infect a snail; but any cercariae shed by the
snail will still have to pass through two maturation ponds and
will die long before they reach the treatment plant outlet.

3.4 The Other Parameters

Biological issues not covered under the agricultural use or public
health categories, such as uncultivated plant and animal 1life,
migratory birds, or the impact of aerosols on the olive plantation,

will be discussed.
The land use category will include the landfilling of screenings
and grit from AGTP, and of sludge from As-Samra. - It will also

cover the creation of new buildings, drying beds, or ponds, and the
disposal of material excavated during construction.
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Odors are a major perceived impact of the present As-Samra ponds.
Under certain concitions of still air and temperature inversion,
odors attributed to the As-Samra WSP can be offensive even many km
away. The need for effective odor control, at Ain Ghazal and at
As-Samra, is a major reason for this project.

Archaeological considerations are of particular importance in

Jordan, where artifacts from hundreds of centuries of civilization
abound. The project team has been in contact with the American
Center of Oriental Research (ACOR), Amman.

As for archaeological impacts of construction or construction
activities at the As-Samra WSP, we have held preliminary
discussions of the proposed measures with Dr. Gaetano Palumbo,
Cultural Resources Management Archaeologist of ACOR. Dr. Palumbo
indicated that it appears that the proposed work will be limited to
areas already heavily modified, and that the 1likelihood of
encountering any significant archaeological remains is very small.
To be certain of this, however, a modest archaeological survey
should be undertaken, at the initial construction stages, of the
lands to be affectec.

Flooding is a categocry relevant to the siphcn, not so much in the
case of its own rupture and spillage of sewage to Wadi Ain Ghazal
and to Seil Zarqga--though that would be a significant water quality
impact--but in the case of sudden failure of the emergency pond
when full. This will be discussed in Section 4.

Power consumption is discussed with respect to the As-Samra Ponds,
where a significant increase in power is required for the aerators
proposed in the short-term measures.

Seismicity is an appropriate concern, given the long design life of
these facilities, the major 1927 earthgquake in Jordan, and the
recent earthquakes in Cairo. It is of particular relevance to the
structural integrity of the siphon.
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SECTION 4

AIN GHAZAL TREATMENT PLANT HEADWORKS

4.1 Introduction

The short-term emergency measures at Ain Ghazal Treatment Plant
are limited to designing a new headworks and rehabilitating the
existing headworks. The expansion will allow for a far greater
ultimate tributary flow, as well as continue to accept septage
as at present. Grit and screenings collection will be greatly
improved, and odor control will be improved. The new design
average flow is 148,500 cu m/day and the design peak flow is
327,000 cu m/day.

As detailed in Section III.B of the Design Report, the following
four alternatives were considered, representing varying degrees
of rehabilitation of existing facilities and construction of new
facilities:

o Alternative No. 1: Rehabilitate the existing wastewater and
septage facilities and use them on a regular basis.
Provide a new pretreatment facility capable of handling
Year 2005 wastewater flows in excess of the existing
wastewater facility'’s capacity;

o Alternative No. 2: Rehabilitate the existing wastewater
pretreatment units and use them for standby capacity.
Abandon the existing septage pretreatment facility and pump
septage to the new pretreatment facility. Provide a new
pretreatment facility to handle septage flow and Year 2005
flows,with standby capacity furnished by rehabilitated
existing units;

0 Alternative No. 3: Abandon both the existing wastewater
and septage pretreatment facilities. Provide a new
pretreatment facility to handle (a) septage flow through
pumping, and {(b) Year 2005 wastewater flows; and

0 Alternative No. 3A: This is identical to Alternative No. 3
except that the new pretreatment facility is lowered just
enough to (a) enable gravity flow of septage into the new
facility, and (b) eliminate a considerable amount of the
existing surcharge upstream of the existing pretreatment
facilities.

nativ is recommended.

The environmental impacts for these alternatives vary
insignificantly from one to the next in kind or degree, with a
minor exception regarding odor control, discussed below.
Otherwise, the following discussion applies to all the
alternatives.
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In the course of these improvements, provision will be made to
permit emergency bypass of all flows to the Wadi Ain Ghazal
should the siphon need to be taken out of service. The
environmental impacts to be considered therewith are discussed
in Section 5.

Table 4.1 is an impact matrix in which the impact categories
(left column) are ranged against the proposed activities for the
AGTP (top row). In the matrix cells, the impact type (N, C, E,
or "-" for "not applicable") are denoted. As shown 1in the
matrix, matters concerning biological impacts or impacts of
effluent or residuals on agricultural land are a priori not
considered relevant to the short-term emergency measures proposed
for AGTP.

The measures at AGTP, rehabilitation of existing headworks
together with construction of new facilities, will be discussed
as one set of activit.es.

e |
TABLE 4.1 IMPACT MATRIX FOR AIN GHAZAL TREATMENT PLANT
Rehab’d Headworks New Headworks
Agriculturai - -
Water Use
Agricultural - -
Residuals Use
Public Health N C.N
Biological - -
Land Use - C.N
Odor, Other Air N N
Archaeological - C
Seismicity C C
Legend:
- Not applicable

N Impact curing normal operation

C Impact during construction

E Impact during and/or following emergency
Note: Siphon bypass at AGTP is considered in the next table

4.2 Public Health

During construction of the new headworks, there would be a
negative impact if sewage had to be bypassed to the Wadi Ain
Ghazal at any time, such as switch-over from using the old system
to using the new headworks. Such an impact would be comparable
to that which now occurs, and will in the future occur, whenever
sewage inflows exceed the capacity of the siphon due to rainfall.
This can be mitigated by proper design and planning for the
switch-over process.
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Grit and screenings should be kept covered as they are removed
from the wastewater stream. They should be promptly loaded onto
covered trucks, ancd transported to the landfill.

Daily cover of grit and screenings disposed at the landfill is
essential to effectively control odor and disease vectors.

With these qualifications, adverse public health impacts during
construction of the new headworks, and during operation of the
new and rehabilitated headworks, will be nil.

4.3 Land Use

During construction, land use issues for the new headworks will
be nil, since the limited amount of new construction will be
contained within the existing site.

During normal operation of the new and rehabilitated headworks,
grit and screenings removal will be much more effective than at
present. The present practice of trucking grit and screenings
to the Ruseifa sanitary landfill is expected to continue, but the
volume rate of such material to be disposed will increase by an
order of magnitude, to several tons per day. This is still a
modest landfilling rate, compared with the total daily load of
all material brought to that landfill; the land use impact is
therefore considered minor.

4.4 Dust

During construction, there is a slight possibility of dust being
generated at the site, or of dust blowing from trucks driving
from the site with, say, excavated scil. A major problem is not
anticipated, since the proposed construction of new civil works,
hence associated earthworks, 1is small. However, if dust is
poorly controlled, this could be troublesome to facilities such
as the adjacent abattoir. Dust at the site can be mitigated as
needed by sprays, and in trucks by sprays or tarpaulin covering.

4.5 Odor

A major objective of the short-term emergency measures 1is to
improve odor control at AGTP. It appears that this can be
achieved without difficulty, provided that odor control
facilities can be operated as designed and specified. For

example, odor control presently is only partially effective. Cne
probable cause for impaired effectiveness is clogging-of chemical
feed lines due to scale deposits, as a result of chemical
interaction with the alkalinity of the water supply. Presuming
that the short-term measures will likewise provide appropriate
odor-control hardware to the new headworks, the rehabilitated
headworks, and the s:3ptage receiving facilities, the remaining
challenge will be to keep the system operating and maintained as
designed.
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In general, a design that minimizes the amount of free surface
and turbulent, air-eatraining overfalls is a design that best
mitigates odor release, and should be sought at AGTP. Wherever
possible, closed-channel flow is, in this regard, preferable to
open-channel flow.

Among the several rehabilitation/new facility alternatives
considered, Alternatives 3 and 3A have the minor environmental
advantage of requiring fewer odor control units, to keep
operating properly. These alternatives call for one pretreatment
facility to handle septage and wastewater in an enclosed
building.

The odor associated with the removal, handling, transport, and
disposal of grit and screenings is small provided the material
is handled promptly and promptly buried at the landfill.

4.6 Archaeoloqgy

Practically speaking, it is extremely unlikely that there will
be any archaeclogical impacts during excavation for the new AGTP
headworks, as the land con the site has been determined to be
relatively recent fill.

The downstream end of the new headworks will provide a stub-out
for a future second siphon. While it is expected that there will
be archaeological studies for the second siphon route, no such
studies are needed for the new headworks, which terminate well
within a well-disturbed area of the existing AGTP site.

4.7 Seismicity

An appropriate earthquake design code should be adopted and
followed for all structures at AGTP.

4.8 Environm al Im Summa or AGTP

Significant environmental benefit will be provided by the new
headworks in terms of odor control and reduction in frequency of
overflows.

The most significant environmental impact issues for short-term
emergency measures at AGTP concern odor and the handliing and
disposal of screenings and grit, both during normal operations.

Odor will be mitigated with provision of works that facilitate
capture of odorous air, and proper treatment of it. Provision
of such facilities, and the electrical power to operate them, is
expected. The challenge lies in ensuring a steady supply of
sufficient appropriate chemical reagents to keep the odor control
facilities operating as designed.
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Issues of odor and public health related to handling and disposal
of screenings and grit are best addressed by prompt handling of
this material, moving it directly from its point of removal from
the flow into a covered truck to transport it to a sanitary
landfill where daily cover is applied.

Any dust problems should be mitigated by water sprays or by
cover, as appropriate.

The degree of noise will be little different from present
conditions, either during construction or subsequent operations.
Issues of agricultural criteria for effluent or residuals
disposal, or of biological impact, or of archaeology, are not
relevant at AGTP.
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SECTICN 5

PROTECTION OF THE CONVEYANCE SIPHON FROM AGTP TO AS-SAMRA

5.1 Introducticn

As part of preparing this Environmental Assessment Report, the
team inspected the siphon along most of its path from AGTP to As-
Samra. The team found that to avoid a major adverse
environmental impact, namely rupture of the siphon due to soil
erosion in the wadi in which it is carried, immediate measures
should be taken to ensure its protection in several critical
areas, and that a program of longer-term protection measures for
a number of reaches should be studied (Figure 5.1). Such
measures are presented and discussed in the Design Report and its
Appendix D.

This section of the environmental assessment report deals not
with the adverse inpact of a ruptured siphon, but with the
proposed short-term emergency measures to protect the siphon.
They consist of:

a) Specific short-term measures to ensure enduring protection
to the pipeline in identified critical areas that require
immediate attention;

b) Recommendations towards a longer-term study of additional
measures to provide better long-term strategic protection;

c) Provision of capability at AGTP for complete bypass of the
siphon should that be necessary to effect repairs of the
siphon; and

d) Recommendations concerning the emergency pond at the
siphon’'s lowest elevation.

Table 5.1 is an impact matrix in which the impact categories
{(left column) are ranged against the proposed activities for the
siphon {top row). In the matrix cells, the impact type (N, C,
E, or "-" for "not applicable") are denoted.

5.2 Short-Term Emergency Measures

No significant environmental impacts associated with short-term
immediate remedial measures are indicated in the matrix. These
activities will be limited to specified placements of graded
stone and rock at critical points along the pipeline, as
specified in Section III.C {(and Appendix D) of the Design Report.
These activities will entail a number of truck loads of this
material being brought over highways and the pipeline access road
to the site, and placed as specified. Machinery such as
bulldozers and front-end loaders will have to operate in the bed
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of the wadi. If trucks keep to roads, there should be no adverse
impacts on adjacent farmlands.

Downstream of Horizontal Inflection Point (HIP}) 74, the encased
pipeline where it crosses the wadi is regqularly used by local
vehicles. While there is no evidence to the casual eye that the
traffic of cars or pickup trucks has yet damaged the pipeline
there, traffic of 1laden dumptrucks and heavy earthmoving
equipment should not take this route to Identified Critical Area
{(b) between HIP 71 and HIP 72, or Identified Critical Area {(c!
at HIP 73. Heavy traffic fording the wadi in this way would
possibly endanger the pipeline, as well as generate turbidity in
the wadi flow. 1Instead, vehicles should use the access road to
these areas from the south.

Construction materials for remedial work at all three Identified
Critical Areas will consist of ballast stone and armor rock.
These materials shculd not be gathered from the bed of the wadi
nearby, but imported from conventional guarries. To gather
materials from the wadi bed would abet further erosion in the
wadi, as well as gencesrate turbidity.

— —— —
TABLE 5.1 IMPACT MATRIX FOR SIPHON FROM AGTP TOC AS-SAMRA
Short-term Longer-term | Bypass at Emer-
Measures on | Measures on | AGTP gency
Pipeline Pipeline Pond
Agricultural - - E E
Water Use
Public Health | - -
Biological - -
Land Use - C,N - -
Odor, other - - - --
air
Archaeology - C - -
Flooding - - E E
Legend:
- Not applicable
N Impact during normal operation
C Impact during construction
E Impact during and/or following emergency
— — -~ ——
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5.3 Longer-Term Measures to Protect the Siphon Pipeline

In addition to the short-term specification of measures in
identified critical areas, the design report section on siphon
protection also specifies 25 zones that should be monitored for
onset of erosion problems, with tactical erosion control measures
to be taken as needed. The design report also sets out
suggestions for studies towards longer-term strategic measures
to protect the pipelines over considerably greater reaches than
just the identified cr.tical areas.

The tactical measures, to be taken in advance of erosion problems
reaching a critical condition, would likely be of the same nature
as the short-term emergency measures: placement of stone and rock
in limited areas. The same environmental mitigation measures
would apply.

The longer-term strategic measures could involve relocating
entire sections of the pipeline that are in perilous areas,
systematically dissipating the wadi stream energy by a series of
dams, and/or other major structural measures. As such the plans
for these measures must anticipate and mitigate land-use impacts
such as taking or working on farmland, and need to avoid or
evaluate impact on archaeological sites, during construction.
Another major consideration is the avoidance of damage due to a
major earthquake.

Furthermore, one must anticipate and mitigate serious land-use
impacts after construction: if barrages are built to dissipate
stream energy, the resulting upstream pools could inundate
farmland and buildings with more frequent runoff events than at
present. (This may be an acceptable impact, if farmland is
thereby not lost as rapidly to erosion.)

5.4 Provisicn of Siphon Bypass Capabilit at Ain Ghaza
Treatment Plant

5.4.1 Introduction

At present, the siphon is the only means to convey Amman’s
wastewater flows from their point of collection at AGTP to their
peint of treatment at As-Samra, 39 km away. The siphon has but
one barrel. It is a pressure pipeline that in many sections is
under an internal head of between 100 and 200 m. As noted in
previous sections, mwmuch of the pipeline 1is 1laid in the
structurally perilous wadi of the Seil Zarga.

Although short-term emergency measures and longer-term strategic
protection measures are proposed, it 1s also Jjudicious to
anticipate that the pipeline could fail at some section.

In the event of an emergency discharge of sewage, there would be
an impact to agricultural lands, in that water drawn from the
wadi to irrigate adjacent farmland, or to wash off harvested
produce such as carrots and turnips, would doubtless not meet the
fecal coliform standards listed in Section 3.1. The nematcde egg
criterion would likely be vioclated. Similarly, the public health
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of farm workers might be compromised. There may be other
biclogical impacts, as well.

Therefore it is essential to provide means for the quickest
possible repair of the pipeline and its return to service. Given
the high internal pressures of normal service, there is an
obvious need to be able to isolate the pipeline of any flows for
such duration as needed to repair the break completely, so that
the pipeline can once more be put into high-pressure service for
an indefinite period.

Accordingly, a capability for emergency bypass of the siphon,
with all flow being diverted to the adjacent Wadi Ain Ghazal,
should be provided. This capability is physically available
under present conditions, in the sense that flow to the existing
headworks could be diverted from the siphon and through the old
existing treatment works; and then, by closing the conduit to the
siphon from the o©ld chlorine contact tank, the diverted flow
would all pass to the wadi. All that is needed to put this
capability in place 1s to ensure that the appropriate sluice
gates are operational (some after several years of inactivity),
that institutional arrangements for rapid communication/rapid
response are in place, and that local staff are drilled on the
procedures. Similar institutional arrangements should be
coordinated with the authorities operating the Zarga Pump
Station.

The proposed new headworks will specifically be designed to
provide the capability of total bypass to the wadi.

5.4.2 Discussion of impacts

To bypass to the wadi will cause the impacts described above; but
by allowing the pipeline to be dewatered and quickly repaired,
bypass to the wadi will be of far shorter duration than would be
leakage to the wadi from a ruptured pipeline that could not be
dewatered.

5.4.3 Frequency of adischarge to Wadi Ai hazal

Since in its eight years of service there has never been a total
bypass of the siphon, it may seem that specific provision of
bypass capability at AGTP is an "invitation to use it", and that
raw sewage discharge to the wadi will become more frequent.
However, the fact is that sewage overflow to the Wadi Ain Ghazal
already occurs several times a year, in the wet season, whenever
stormwater infiltration and inflow increase the influent rate to
more than the capacity of the pipeline (or the hydraulic capacity
of the bar screens). Residents of the wadi plain are therefore
accustomed to occasional sewage discharges lasting a few hours
each. The impact of a discharge to the wadi due to siphon bypass
lasting perhaps several days until the pipeline can be repaired
should therefore be acceptable. In any case, the probability of
such an event is far less than the probability of an overflow
to the wadi. With the advent of the new headworks, the net
frequency of overflow/bypass will be reduced.
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5.4.4 Routing bypass through abandoned AGTP

To provide some measure of storage and treatment to siphon bypass
flow before discharging it to the wadi, the bypassed flow could
simply be routed through the tanks, presently empty, of the
abandoned AGTP. The time needed to fill the tanks, and the
ability of all these tanks--clarifiers, aeration basins, and the
chlorine contact tank--to settle some of the sewage solids will
provide at least a small degree improvement to the flow before
discharge to the wadi.

5.5 Emergency Pond Capacity and Lack of Qverflow Spillway

The capacity of the emergency pond is 56,000 cu m. This is
slightly in excess of the pipeline’'s volume of about 40,000 cu
m, and so it will be an appropriate emergency pond volume once
there is a means tc isolate the siphon at its upper end at the
AGTP, as described in the previous section.

Currently:

© There is no way to prevent substantial flow from entering
the siphon.

0 A typical average daily flow of about 100,000 cu m will
£ill the pond within half a day.

o It is inconceivable that any emergency requiring use of the
emergency pond would be solved within half a day’'s time.
(In fact, the time required to properly open and close the
gate valves to the pond is of the order of 3 hours each
way, in order, certainly, to avoid waterhammer.)

0 Except for two culverts about 200 mm in diameter,
there is no outlet or overflow spillway from the pond
situated on the bank of the wadi.

Therefore, unless and until provision is made in the short-term
emergency program to provide for emergency isolation of the
siphon at its upper end:

o Any genuine emergency use of this pond is almost certain to
result in the pond overflowing its banks, and to a degree
that may result in sudden failure of the pond, as well as
the sudden release of the 56,000 cu m of sewage to the Wadi
Zarga.

The environmental impact of this catastrophe will be 1in the
volume of this sudden flood, and only secondarily in that it is
sewage. Farms, herds, people, and buildings may be at risk.

WAJ policy should be to not use the emergency pond under any

circumstances until siphon bypass capability at Ain Ghazal is
provided.
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5.6 Environmental Impact Summary for the Siphon

Short-term emergency measures should be implemented in several
identified critical areas along the pipeline in Seil Zarga where
erosion in the wadi has seriously threatened the integrity of the
pipeline. In most of these areas the WAJ has already taken
important remedial action, but further erosion protection is
warranted. These critical areas and the recommended measures are
detailed in the Design Report.

The environmental impacts of undertaking such remedial actions
are minor, and in any event are far less an impact than allowing
the situation to deteriorate to the point where the siphon
ruptures and a major sewage spill to the wadi would occur.

A range of longer-term measures is suggested for future study.
The nature of some of these measures is to significantly modify
the dynamics of the wadi; accordingly, significant environmental
impacts may be associated, and must be assessed as part of the
long-term study. Seismicity concerns should be fully addressed.

It is recommended that, as soon as possible, structural,
operational, and institutional changes be made at the Ain Ghazal
Treatment Plant, and with respect to the Zarga Pumping Station,
to enable flows to be immediately diverted from entering the
siphon, and bypassed to the neighboring wadi, in the event of a
siphon rupture. There will be no significant environmental
impact in making such changes. There is an environmental impact
to discharge raw sewage to the wadi, but this (a) normally occurs
anyway during many rainstorms in a year, and (b) permits quick
and effective repair of the siphon so it can be returned to
service in the shortest possible time.

The emergency pond should not be used until there is siphon

bypass capability. An emergency spillway for the pond should be
considered in the longer term.
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SECTION 6
AS-SAMRA WASTEWATER STABILIZATION PONDS

6.1 Intreocduction

For the As-Samra WSP facility, the design criteria were as
follows:

Inlet Structure:

Peak Flow, cu m/day 462,000

Pond Treatment and Disinfection

Average Daily Flow, cu m/day 145,000

Peak Daily Flow, c¢u m/day 210,000
Total BOD, 30-60 mg/1
Fecal Coliform 100 MPN/100 ml
Nematode Eggs <1/100 ml

As shown in Table 6.1, the proposed short-term activities consist
of replacing the existing inlet works with an enlarged and
improved inlet works; installing three odor control facilities;
providing mechanical aerators in several of the maturation ponds;
installing baffles in the facultative and maturation ponds of
each train; rehabilitating chlorination facilities; removing,
processing and disposing of over eight years’ accumulation
(275,500+ cu m) of sludge from the six anaerobic ponds; and
constructing electrical switchgear and motor control facilities.

The environmental impact matrix for the short-term improvements
at the As-Samra Wastewater Stabilization Ponds is shown in Table
6.1. The perceived beneficial and potentially adverse impacts
of the four proposed measures are discussed below.

6.2 Inlet
For the inlet structure, the two alternatives considered were:
o Alternative No. 1: Rehabilitate the existing inlet
structure and provide a new structure sized to augment the
capacity of the rehabilitated inlet structure in order to
meet Year 2005 flows; and
o Alternative No. 2: Abandon the existing inlet structure and
provide a new inlet structure to accommodate Year 2005

peak flow.

Alternative No.2 is recommended.
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TABLE 6.1 IMPACT MATRIX FOR AS-SAMRA WSP
Inlet | Aeration | Baffles | Disin- Sludge
Works in F, M| fection Removal,
ponds Process’g
and
Disposal
Agricultural - N N N -
Water Use
Agricultural - - - - N
Residuals Use
Public Health - N N N N
Biclogical - N N N 'N
Land Use c - - - C,N
odor, Other N N N N N
Air ! :
Archaeological | C - - - C ‘
Seismicity C - - - C J
Legend:
- Not applicable |
N Impact during normal operation
c Impact during construction
E Impact during and/or following emergency
Benefits

A new inlet structure will provide an environmental benefit in
its greater hydraulic capacity to accept increased flow via the
existing siphon and from a second siphon; in its improved ability
to distribute flow equally among the trains in service; and in
its design to facilitate control of odors from the sewage at that
point.

Adverse impacts

During construction, any adverse impacts on land use or
archaeology will be negligible since the structure is small and
will be sited near the existing inlet works. This location is
on WAJ property, far from any boundary, and in an area which has
already been well disturbed. The only odor impacts will be
positive ones, resulting from improved control of odors. No
particular mitigation measures are deemed necessary beyond

conventional measures for dust control and keeping site
disturbance within reasonable bounds during construction.
Seismicity

A seismicity study for the area should be written, and an

appropriate earthgquake design code adopted for the structure.

6-2
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6.3 Aeration

For the WSP aeration, five alternatives were considered,
including:

o Alternative No. 1: Raise the weir crest elevation in Ponds
F1-1, F2-1 and F3-1 by 0.4 m and in Ponds F2-1, F2-2, F3-2a
and F3-2b by 0.65 m and provide electrically-driven
floating mechanical surface aerators;

© Alternative No. 1A: Construct three new ponds having a
depth of 5 m each, in the area east of the existing Ponds
Al-1 and Fl-1 and provide electrically-driven floating
mechanical surface aerators;

o Alternative No.2: Deepen ponds M1-3, M2-3 and M3-3 to a
depth of 3.0 m below the pond effluent weir (ie, 1.86 m
excavation) and install two baffle walls to form three
cells in each pcnd. Provide electrically-driven floating
mechanical surface aerators. Also, divide each Mx-4 pond
lengthwise to provide two sludge settling sub-ponds and
improve flow-through characteristics.

0 Alternative 2A: Provide facilities in Ponds M3-3 and M3-4
identical to those described under Alternative Nc.2 above.
Provide three new ponds north of the existing Pond M1-4 to
form three cells to accommodate the combined flow from
Trains 1 and 2. Provide interpond structures to convey
flow, and subdivide each Mx-4 pond lengthwise to provide
two sludge settling sub-ponds and improve flow-through
characteristics; and

o Alternative No. 2B: Provide a supplemental treatment
system downstream of the maturation ponds invelving the
conveyance of the effluent from the Mx-4 pond of each train
to an aeration tank where it would be mixed with return
activated sludge (RAS). Provide electrically-driven
floating mechanical surface aerators. Also, provide a
battery of rectangular clarifiers for solid settlement.

Alternative No.2 is recommended.

Benefits

The provision of aeration is intended to provide the major
environmental benefit to public health, generally, and to
agricultural workers, in particular, through improved effluent
guality, reduced the BOD and ammonia concentrations and higher
DO levels. A beneficial consequence of reduction of organic
constituents (as indicated by BOD) is an improvement in the
effectiveness of the subsequent disinfection process, and a
reduction in the likelihood and amount of trihalomethane (THM)
formation as an unwanted byproduct of the disinfection process.
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Potential adverse imvacts

Dgring cgpgtrugtion. The installation of mechanical aerators
will require that the water depth be of the order of 3 to 4 m in
the ponds where they are installed.

Fivg locations have been considered (see Section III.D of the
Design Report) :

1. In the first two sets of facultative ponds;
2. In new ponds between the anaerobic and facultative ponds;
3. 1In the third set of maturation ponds;

4. In new ponds between the third and fourth sets of the
maturation ponds (Trains 1 and 2 only); and

5. 1In a conventional waste-activated sludge facility at the
end of the three existing trains.

Option 1 would cause the least environmental impact, as the
required depth for aeration can be achieved merely by raising the
welirs and adding revetment farther up the banks of the ponds
involved. No pond would have to be taken out of service.

Options 2, 4 and 5 need not involve taking any existing ponds out
of service. There wd>uld be the customary concerns such as dust
and traffic to be m.tigated during construction. As noted in
Section 6.6 following, archaeoclogical concerns adjacent to the
existing ponds are expected to be nil, although a survey should
be conducted early in the construction phase. There would be a
need to dispose of excavated material, to the extent that this
material would not be used in constructing the embankments
forming the ponds. The material would presumaktly be of
conventional soil quality and present no particular problems.

Option 3 would reguire taking ponds out of service for deepening.
This would result in a minor reduction in WSP system performance,
and could be mitigated by taking only one pond out of service at
a time. There would be the additicnal impact of disposal cof the
excavated material, which to some extent would include sludge
fines from eight years of operation. This could be buried on WAJ
property at the As-3amra WSP site, with the similar care and
concerns as noted for burial or landfilling of sludge, discussed
in Section 6.6. ’

in eration. The use of aerators will generate large
quantities of aerosols containing detergent chemicals and,
conceivably, viruses. Wind would carry these aerosols a
considerable distance. The detergent aerosols may have an

adverse impact on nearby f£flora, in changing the capillary
hydrodynamics of plant leaves. In particular, the condition of
the clive trees planted nearby should be monitored.
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As for viruses, studies conducted over many years have failed to
show any epidemiological peril to sewage plant workers or other
populations due to aerosols from stabilization pond aeration or
activated sludge plants.

At present, overfalls in the pond trains that provide energetic
air entrainment also generate considerable amounts of foam, with
the amount of foam seen increasing as one moves downstream
through the pond trains. The aerators, particularly if located
far downstream in the pond trains, can be expected to generate
very large volumes of foam. Wind can carry the foam out of the
ponds.

The adverse impact of wind-driven foam is relatively minor; it
would not reach beyond the WAJ site. At most, it might affect
the on-site olive plantation. It can be mitigated by plantings
of cypress, casuarina, or other evergreen border trees close
around the pond where the aerators are located, to keep foam from
blowing far from that pond.

The beneficial impact of generating foam in the As-Samra ponds
is that foaming potential downstream in the Wadi Dulheil may be
reduced. This would be an aesthetic benefit, for the flow in the
wadi does generate and carry foam. Therefore, no measures to
control foam in the aeration basins are recommernded.

Foaming is expected to decrease over time as household and
industrial/commercial detergents are gradually replaced by
detergents that foam less, a presently ongoing process.

As for odor, aeration should have the positive impact of
rendering the water aerobic, which will eliminate the possibility
of a hydrogen sulfide odor from that part of the pond system.
There is an odor commonly associated with sewage aerat:ion.
While it can be identified as being of sewage origin, and while
it is not practicable to control such odor when it is generated
by a large installation of surface aerators on a large outdoor
pond, it is an odor far fainter and far less disagreeable than
hydrogen sulfide odor. It is very unlikely to be sensed 1in
inhabited areas.

The addition of mechranical electric aerators will increase the
power consumption on the site by roughly 5 megawatts, an increase
that will require the construction of new power lines to and
about the WSP site, with several substations and motor control
centers. The impact of these new installations will be very
minor. The 5 MW will result in a marginal increase in heat and
exhaust at the principal Jordan Electric Company generating
station a few kilometers away.

6.4 Provision of Baffles

Internal baffle walls are recommended for the facultative ponds
of each train and for essentially all of the maturation ponds.
These around-the-end baffles will greatly reduce short-circuiting
in each pond so equipped by training the flow from its influent
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point to the pond outlet along a path roughly three times the
pond length, but one-third the pond width.

Not having to withstand any but very mild lateral forces, the
baffles will be of simple, lightweight construction, such as
post-and-wiremesh (e.g. "cyclone") fencing installed in the pond
bottoms and extending to just below the water surface (8 cm below
weir level), and made impermeable by lining the fencing with
durable plastic sheeting.

Benefits

In theory, the roughly 3,600,000 cu m of pond volume should give
a retention time of 25 days to the projected average daily flow
of 145,000 cmd, and a retention time of 17 days to the peak flow
of 210,000 cmd. However, this is not attained at present, with
significant (although unquantified) short-circuiting within the
ponds. The baffles would ensure essentially complete use of the
pond volume and allow for the continuous achievement of 8 to 10
days‘’ retention time, as required in a stabilization pond system
to achieve good pathogen reduction. By reducing or eliminating
the need for disinfection by chlorination, the cost of chlorine
is reduced, and the possibility of THM formation is accordingly
reduced. This will benefit agriculture and public health.
Furthermore, there will be greater reduction of BOD and possibly
of odor in the effluent, as well.

Potential adverse impacts

To install the baffles in the pond, the pond will have to be
taken out of service for the few days required for installation.
Otherwise, there are no evident adverse effects of baffling. The
slender construction will take up negligible pond volume. By
keeping the top of the baffle just below the water surface, oily
slicks and other floating material can still be wind-driven to
the banks of the pcnd for removal.

€.5 Odor Control

Odors at As-Samra are generated wherever the effluent meets the
atmosphere, which is to say everywhere over the 184-hectare free
surface of the pond system. However, odor generation is by far
the most intense in areas of high-energy activity at the free
surface, meaning at the plant inlet structure and at the weirs
where the water falls from one pond level to another. Most such
weir flows are presently simple waterfalls, with no engineering
attempt to minimize off-gassing of odors.

While it is not at all practical to control emissions from the
entire pond area, it is feasible to consider odor control at the
inlet and drop structures. Accordingly, the inlet and drop
structures are to be hooded, and the contaminated air ducted to
two-stage packed-tow=2r scrubbers for treatment.
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An attractive strategic alternative to be tested is the
replacement of the simple aerated weirs between ponds with
appropriately sized siphon spillways that move effluent from one
pond to the next, dissipating as much as 3.2 meters of head
simply by turbulent headloss within the piping, and at its
submerged entrance and exit, without major sustained mingling
with air. The simple siphon design reguires minimal maintenance
and does not inveclve moving parts or chemical feeds.

6.6 Disinfection

For the disinfection facility, it is recommended:
© Not to expand the chlorine contact basin;

© Not to expand the chlorination facility and associated
equipment ; and

© To rehabilitate the disinfection facility (i.e, provide
miscellaneous repair and replacement of existing
chlerination system components) and replenish the system’s
spare parts inventory.

Benefits

The short-term improvements for As-Samra will provide improved
disinfection performance and reliability. This will result from
the rehabilitation or replacement of existing chlorination
equipment, as well as modifications to the original system. In
addition, disinfection performance will improve as a result of
the reduction in chlorine-demanding BOD and organic material

upstream during the aeration process. This will reduce the
amount of chlorine regquired over what is currently necessary in
order to achieve the same level of disinfection. These

improvements will not only provide an effluent that will more
consistently meet adopted microbiological standards, but one that
will be less odorous, as well.

Impact issues of agricultural use of the effluent water are
relevant to the normal aeration and disinfection operations,
which are explicitly introduced to improve the agricultural water
guality. Presently, the effluent meets the fecal cecliform and
nematode standards most of the time. The proposed short-term
improvements are designed to provide consistent compliance with
the WHO standards presented in Section 3.1.

Potential verse impacts

The adverse impacts attributable to short-term improvements for
disinfection at As-Samra consist of the possible contamination
of the effluent with trihalomethanes (THMs). THMs are suspected
carcinogens and can form when the chlorine dosed to inactivate
pathogenic bacteria and viruses combines with certain organic
compounds which may be present in the wastewater.
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Field tests were recently conducted at the outlet from the
chlorination basin to determine the levels of THM formation
through a wide range of chlorine doses. Total THM levels in all
cases were found to be much lower than the USEPA drinking water
standard of 0.10 mg/l. THMs are expected to be even less of a
concern after the implementation of the short-term improvements,
since a smaller chlorine dose than that currently required will
be needed to meet disinfection standards. Even the small
concentrations of THMs formed by chlorination will decrease
before the effluent reaches the user downstream. This decrease
occurs because THMs are volatile and are released to atmosphere
through turbulence in the wadi. Section III of the Design Report
contains further details regarding the field tests performed for
THMs .

In balance, the effluent should be chlorinated only as needed to
meet fecal coliform criteria. Chlorination requirements for a
given flowrate may be expected to decrease as a result of
desludging and baffling, in addition to the aeration process.

6.7 Sludge Removal, Processing and Disposal

Of the four short-term measures proposed for the As-Samra WSP,
sludge removal, processing and disposal have the greatest
potential environmental impacts, both positive and negative.
Environmental considerations, as discussed in Section III of the
Design Report, play a particularly prominent role in selecting
a strategy for sludge removal, processing and disposal. The
environmental considerations are reviewed here.

Benefits

The removal of nearly 300,000 cu m of sludge from the anaercbic
ponds will restore the significant fraction (over 30 percent) of
anaerobic pond volume now occupied by the sludge. This will
increase retention time in the anaerobic ponds and in the
treatment plant overall. It will increase retention time pond-
by-pond, by restoring active volume to each pond. Together with
the improvement in eguitable flow distribution at the inlet,
desludging will also increase retention time by eliminating the
current situation where nearly half the influent is directed to
the pond train with the least remaining active volume, a form of
systematic short-circuiting.

Possible beneficial uses for the removed sludge, as well as the
environmental aspects of the range of options considered for the
short and long terms, as illustrated in Figure 6.1, are discussed
further below.

Desludge options

1. Drain pond. Drain each pond and excavate the sludge using
conventional earth-moving equipment such as front-end loaders and
dump trucks. During the several months required for this task
in each pond, the sludge deposit will be exposed to the

atmosphere. The deposit may be odorous, and it may attract
vectors (e.g. disease-carrying insects). For those ponds where
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the sludge deposit is sufficiently shallow (up to 1 m) that a
tilling machine such as a "Brown Bear" can traverse it, odors and
insects can be controlled by rabbling the surface and mixing in
suitable conditioning chemicals. However, for the four anaerobic
ponds where the sludge deposit has become so deep that no vehicle
can safely traverse it, there is no feasible way to condition it
for odor and insect control, or to rabble the surface to enhance
drying and insect control, until the excavating machinery can
work its way entirely through the deposit.

It was therefore recommended that a different scheme be employed
for the removal of the existing sludge deposits under the Short
Term Improvements construction contract. In this regard, two new
anaerobic ponds {"Ponds A0O-1 and A0-2") will be provided as part
of the Short Term Improvements facilities (refer to Section III
and Folio 1 Drawings of the Design Report). The accumulated
sludge in Ponds Al-1, Al-2 and A3-1, A3-2 will be conveyed into
Ponds A2-1 and A2-Z where large amounts of sludge deposits
already exist. When Ponds A2-1 and A2-2 are filled with sludge,
the ponds will be abandoned for a lengthy period of time
(approximately five or six years} until the sludge is dried and
can be removed using conventional excavating machinery. When the
sludge is removed, Ponds A2-1 and A2-2 can then be put back in
operation.

2. Remove sludge in wet condition. In this option, the pond is

kept full of water to its normal depth, and so presents no more
of an environmental impact than when in service. Excavation
would be by dragline to dump truck, thence to drying beds or
other dewatering. There 1is opportunity for odors to escape
during this open operation.

3. Dredqge the pond. In this option also, the pond is kept full
of water to its normal depth. However, sludge removed from its
deposit by the cutter-suction dredge can be transported from the
pond in an entirely enclosed pipeline, discharging to a tank
truck, or conveyed by pipeline the entire way to a drying bed,
if a drying bed can be built sufficiently near. If conditioning
chemicals are needed, they can be metered into the sludge line
and thus be efficiently mixed throughout the sludge before it
reaches the drying bed or other dewatering step. For these
several reasons, dredging/pumping is by far the most
environmentally attrzctive desludging option.

Common adverse impact. For all the desludging options, there
will be an adverse impact in the system’s capacity to treat, if
no new anaercbic ponds are first constructed, due to the need for
taking ponds out of service; but taking an anaerobic pond out of
service is judged to have a relatively minor impact, sufficiently
small that in the consultants’ judgement no additional anaerobic
ponds need be constructed to replace the capacity of a pond out
of service for desludging.
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Process options

P1. Dry in-situ. The same concerns apply as in Desludging
Option 1, Drain the Pond. This option is environmentally
manageable if the deposit can be worked throughout by a Brown
Bear or equivalent tiller, but otherwise is unmanageable, because
odors and vectors cannot be controlled.

P2. Dry in drving bads. Odors and insects are a concern but can
be controlled provided the sludge deposit in the beds is kept to
half a meter or less, so that it can be mechanically tilled and
chemically conditiocned, just as in in-situ drying. The inherent
advantage of drying deds to which sludge is brought, as opposed
toc drying in-situ, is that the depth in a drying bed is
contrclled by the process design engineer and the desludging
operator.

P3. Dewater mecharically. This class of options, including

filter presses, belt presses, and centrifuges, is the most
environmentally sound with respect to insects and codor control,
because odorous gases can be ducted to scrubbers and
incinerators. Of the options mentioned, centrifuges are the best
for this purpose because of their continuous and closed-flow
configuration. Mechanical dewatering will consume more power
than drying bed operations.

In sum, all three of the process options can be environmentally
acceptable if certain conditions are observed.

Disposal options

The five disposal options to be considered are burial, landfill,
incineration, reuse as a soil conditioner/fertilizer in bags or
bulk cake form, and discharge to land in liquid form.

To prepare for discussion of these options it is appropriate to
examine the quality of the As-Samra sludge deposits, in terms of
the USEPA and EC criteria presented and discussed in Section 3.2.
Analyses for heavy metals content, total and volatile solids
content, and concentration of total and fecal coliform, fecal
streptococci, salmonella, and the eggs of several species of
nematodes are provided in Appendix B. The results are discussed

below.

Heavy metals., The heavy-metals results for the As-Samra sludge
are presented in Table 6.2, showing an average value and the
maximum value for each element. This is derived from Table B.6
in Appendix B. Also shown in the table are the USEPA pollutant
concentration limits from Columns (a) and (d) of Table 3.2 and
the European Community limit values for metal concentrations in
sludge for use in agriculture.

Migdadi earlier (Ref 10) reported a set of heavy metals analyses

for As-Samra sludge. These values, expressed as ranges, are also
presented in Table 6.2.
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TABLE 6.2

DRAFT - REV. 7/168/93

AVERAGE AND MAXIMUM HEAVY METAL VALUES FOUND IN AS-SAMRA
SLUDGE  (mg/kg)

ELEMENT | As-Samra As-Samra Migdadi USEPA USEPA EC
Geometric | Max 1989 Poll’'nt | Ceiling | Agric.
Average Value Conc. Conc. Limit

Al 7,800 13,207 | 3242-12,227
As 1.316 2.9 41 75
Ag 1.493 23.5
Ba 177.3-307.6
cd 3.653 8.1 3.94-7.84 39 85 20 to 40
Co 4.626 50.7 1.67-113.26
Cr 222.085 659 42.73- 1200 3000

181.97
Cu 231.339 362 181.97- | 500 4300

307.0 1000

' to 1750

Fe 436.141 | 23,675 10,023-

21,470
Hg 2.489 | 5.3 17 57 16 to 25
Li | 2.901 | 5.6 1.52-3.64
Mn 127.430 175 80.8-162.1

b Ni  46.627 68.4 28.4-109.8 420 420 300 to

: ; 400
Pb | 151.767 211 97.7-365.9 300 840 ' 750 to
1200
se | 1.462 6.3 36 100
Si 1.148 1028
— _
Sn 0.190 0.6 L
Ti 78.832 316 |
v 22.139 141 | 30.4-37.7
Zn 2163.076 3850 | 974.2-2222 2800 7500
E | 2300 to
| 4000
B 33.628 88.8 }
l |
‘- .00-53. 8 7 i
6-12



Table 6.2 shows that:

© The USEPA pollutant concentration limits and the EC
Agricultural Use Limits are of comparable value.

o The As-Samra sludge concentrations measured in the present
study are less than both the USEPA Pollutant Concentrations
and the EC Agricultural Limits for all metals except zinc.
The maximum zinc level is less than the USEPA ceiling
concentration.

© Migdadi‘’s range for lead included at least one sample
exceeding the USEPA pollutant concentration, but not the
USEPA ceiling concentration or the EC limit.

© Molybdenum (Mo} sampling was requested for the present
study, but could not be analyzed at this time. Miqdadi‘s
range for Mo exceeds the USEPA pollutant concentration, but
not the USEPA ceiling concentration, (No EC limit for Mo
is given.)

The implications of these results for agricultural use of As-
Samra sludge are given below.

Pathogens. The results of sludge analysis by the Royal
Scientific Society and by M. Hindiyeh are presented in Tables B.7
and B.8, respectively, in Appendix B. In summaxry:

Fecal coliforms and Streptococci. Both the RSS data and
Hindiyeh's data indicate fecal coliform concentrations of the
order of 10° to 3 x 10 per 100 ml of sludge; dividing by a
typical sludge sclids content of 150 g/1, or 15 g/100 ml, this
range becomes 7C,000 to 2,000,000 MPN per gram dry solids,
well in excess of the "Class A" criterion described in Section
3.2.

M. Hindiyeh’s data indicate fecal streptococci concentrations
in the range of zero to 500,000 colony-forming units (CFU) per
100 ml.

Salmonella sp. concentrations in the range of 10° to 10° CFU
per 100 ml are reported by Hindiyeh; on the basis of about 15
percent solids content, this translates to 300,000 to
30,000,000 CFU per 4 grams of dry solids, far in excess of the
"Class A" criterion of 3 plague-forming units (PFU) per 4 g
dry solids.

Nematode eggs. The RSS data show 20 to 50 Ascaris lumbricoides
eggs per 10 gm of sludge; many samples also show several
Trichuris trichiura eggs per 10 gm of sludge, as well. Dr.
Hindiyeh’s data indicate concentrations an order of magnitude
greater, between 20 and 140 helminth eqgs per 1 gram of sludge
sclids. These levels are far in excess o©f the levels
considered acceptable {(less than 1 per four grams of total
solids, dry weight basis).
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We now return to Figure 6.1, to discuss the disposal options.

Dl1. Burial. This method of disposal can easily be made
environmentally sound against odors and vectors by providing
adequate daily cover. Groundwater contamination will not be a
problem, certainly n>t greater than at present, because:

© In the case of sludge burial nearby on the WAJ site, any
leachate from sludge that has been accumulating in the As-
Samra ponds will not likely create an impact different from
that of seepage from the ponds themselves. In other words,
this is not material new to the site, merely material that
1s removed from a pond site to a burial site nearby.

© Burial will effectively prevent the release of nematcde
eggs, bacteria, and viruses. Even if there is leachate to
groundwater, the ground will act as a slow sand filter.
Sand filtration is an effective barrier to the passage of
viruses, bacteria, and all larger particles.

o In any case, the fact that the sludge meets the less
stringent USEPA metals criteria for disposal to land other
than agricultura’ land (Column (b) of Table 3.2} indicates
that there will not be a significant impact on groundwater,
no matter whether the sludge is buried near the existing
ponds, or elsewhere on or off of the WAJ site.

As is standard practice, if the sludge is buried it should nct
be in a wadi where it would eventually be subject to excavation
and washout. Nor should it be buried in an area which is below
the groundwater table or which could be saturated by a rising

groundwater table.

A variant of "burial" or "landfill” is to remove anaerobic ponds
A2-1 and A2-2 from service for the forseeable future, and use
them as receptacles for sludge excavated or dredged from the
other four anaerocbic ponds. Pond A2-1 is already more than half
full of sludge; Pond A2-2 is about one-third full. The A2-1 and
A2-2 ponds {or "A2" ponds) contain approximately 45% of the total
existing sludge volume of the anaerobic ponds. Therefore, this
option would cobviate the need to move the sludge now in the two

most laden ponds. This method would apply to the short-term
program only {(i.e. handling of existing sludge). The sludge
would be allowed to dewater unassisted with time. Additional

pond capacity must be constructed to replace the converted pond
volume.

A new two-pond anaercbic train would be constructed to the north
or south of the existing three trains. None of the recommended
inlet piping modifications would be made to the A2 ponds,
although convenient stubout piping would be provided in the event
that the A2 ponds are excavated and put back into service, once
the sludge has dried completely.

After the new anaerobic train (A0) is commissioned for service,
the A2 ponds would be drained sufficiently to provide volume to
accommodate sludge conveyed from the Al and A3 ponds. A free
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water surface supply should be allowed to exist above the sludge
in the A2 ponds for odor control. Sludge would then be dredged
from either the Al or A3 trains, and pumped to the A2 ponds.
When the A2 ponds fill, dredging would cease, and the sludge
allowed to settle. Liquid would be decanted off and the dredging
operation continued until the Al and A3 ponds are desludged.

When the desludging operation has been completed, the free liquid
is decanted off of the A2 ponds. The A2 ponds would act as a
landfill for the wast=d sludge.

The A2 ponds would be allowed to dewater through natural
percolation and evaporation in the years following the short term
program. If expansio>n of the anaerobic pond system is required
in the future, the sludge could be removed from the A2 ponds and
returned to service. A certain degree of composting would be
anticipated to taks place in the A2 ponds over time, and the
sludge deposits may be suitable for reuse after one to two years
of burial.

Of all the feasible cptions, this is likely to generate the least
odors, if undertaken by dredge.

The long term program, in subsequent years, would utilize one of
the other sludge management alternatives being evaluated in this
section.

D2. Landfill. Landfilling can be described as a systematic,
carefully planned burial process, with daily cover of the sludge
or other material placed, and a final cover with a soil chosen
for its low permeability. The discussion given above for the
environmental acceptability of burial applies also to landfill.

D3. Incineration. This option is sometimes adopted for sludge
disposal by very large municipalities that have few other options
due to lack of space. Combustion process and stack emissions
must be closely monitored to ensure that products of combustion
are not toxic, and that odoriferous compounds are destroyed.

Given (a) a risk of non-optimal performance and resulting toxic
and/or odorous emissions, particularly in the region of Hashimiya
and Khirbet As-Samra where atmospheric temperature inversions can
inhibit effective dispersion of emissions from the region for
several hours a day, and (b) the significant fuel consumption
necessary to burn well-digested sludge, incineration must be
given an unfavorable environmental rating.

Di. D lud land a icatij nd/or s oj mendmen
or conditionper; and DS. iguid udge 1 14 ion. These

options deserve considerable study because of the environmental
benefit that dry sludge as a soil amendment, appropriately
applied, could bring to plantations, farms, pastureland, and
parkland. A sandy soil can be unsuitable for growing grasses or
other crops because of its inability to retain water, and because

of its lack of nutrients. Treated sewage sludge can add the
lacking physical properties, and provide much of the desired
nutrient content (some additional fertilizer is usually
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desirable) . Use of sewage sludge for such purposes in an
environmentally sound manner has long been practiced in some
areas of the Americas, Europe, and Asia, and is rapidly being
adapted more widely and intensively.

For desludging, the recommendations are as follows:

1. Under the Short Term Improvements construction contract,
based on environmental impact and cost reasons associated with
the desludging of the existing deep layers of sludge in Ponds A2-
1 and A2-2, the following recommendations were made:

0 Provide two new anaercbic ponds in series to match the
other three anaerobic trains ("Ponds AQ0-1 and A0-2");

0 Dredge or pump the deposited material in Ponds Al-1, Al-2,
A3-1, and A3-2 into Ponds A2-1 and A2-2 until these two
middle anaerobi<c ponds are full; and

¢ Abandon Ponds A2-1 and A2-2 until sometime in the future
(approximately £ive or six years) when the sludge has dried
and can more easily be removed.

2. Immediately after the completion of construction of the Short
Term Improvements, and for the long term, a set of the anaerobic
ponds (three ponds initially and four ponds when Ponds A2-1 and
A2-2 are back in operation) will be taken out of service to allow
for annual routine desludging. Sludge deposits depths would be
in the range of 0.5-0.8 m and the Dry-in-Situ method would be the
most cost effective and environmentally acceptable scolution. The
set of three or four anaerobic ponds will be drained, sludge will
be allowed to dry (for approximately two or three months), and
dried sludge will be disposed of by landfill burial on the WAJ
property, or, with appropriate monitoring for pathogens and
metals, sold as a conditioner for agricultural soil.

Heavy metals. As presented in Table 6.2, most of the sample
results obtained in this study, and in 1989 by Migdadi, do not
exceed the USEPA Pollutant Concentration values for unrestricted
application of sludge to agricultural land. No results exceed
the USEPA ceiling concentration values or EC Agricultural Limit
values, indicating that there is no heavy-metal restriction to
use of As-Samra sludge in agricluture, provided that the USEPA
and EC guidelines regarding permissible annual and cummulative
metals loadings per hectare (Tables 3.2 and 3.3) are observed.

Pathogens, The results of analyses of the As-Samra sludge
described above clearly indicate that to be designated a Class
A sludge, it would have to undergo one of the processes to
further reduce pathogens (PFRP, see Appendix C), which is not
practical in this situation without incurring significant costs.
However, the sludge analyses for fecal coliform show that the
sludge can be designated as a Class B sludge, in which case a
waiting period is imposed after application to agricultural land
{see Appendix D).
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6.8 Archaeological Impacts

As for archaeological impacts of construction or construction
activities at the As-Samra WSP, we have held preliminary
discussions of the proposed measures with Dr. Gaetano Palumbo,
Cultural Resources Management Archaeologist of the American
Center of Oriental Research, Amman. Dr. Palumbo indicated that
it appears that the proposed work will be limited to areas
already heavily modified, and that the likelihood of encountering
any significant archaeological remains is very small. To be
certain of this, however, a modest archaeological survey should
be undertaken, at the initial construction stages, of the lands
to be affected.

6.9 Seismicity

The adopted seismic design code should be followed in the design
of new structures, and 1if there 1is any major structural
alteration of the pornds.

6.10 Environmental Impact Summary for the As-Samra WSP

The proposed measures are specifically intended to reduce present
environmental impacts from As-Samra with respect to agricultural
use, public health, and biclogical aspects of effluent quality.
The measures are also specifically to reduce odors from the
plant. The danger of the WSP facility being conducive to the
transmittal of schistosomiasis is nil; in fact, stabilization
pond systems are well known for their effectiveness 1in
interrupting the disease cycle where it is found.

The several options considered for removing sludge from the ponds
are all environmentally acceptable, except for the drain-and-
excavate option when the sludge is too deep to be accessed as
necessary for odor and vector control. The process options are
acceptable, again excepting drying in-situ when the sludge is too
deep for odor and vector control. To mitigate the negative
environmental impact associated with the in-situ drying of sludge
under the construction contract, additional anaerobic ponds will
be provided as part of the short term improvements facilities
(see Section III of the Design Report). This will allow leaving
the existing deep sludge deposits in place, as described earlier
under Section 6.7.

As for final disposal, analyses of sludge samples in the
anaerobic ponds show heavy metal concentrations that are within
the guideline values published by the USEPA and the EC, for all
metals but zinc, for which some samples slightly exceeded the
guideline values. Fecal coliform, fecal streptococcus, and
nematode concentrations greatly exceeded the concentrations
deemed acceptable by the USEPA guidelines for disposal to
agricultural land.
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There are several measures outlined in Ref. 8 and Appendix C for
reducing pathogens, some of which appear feasible for use at As-
Samra. The zinc issue may not itself prevent the use of sludge
on agricultural land, provided that certain related constraints
are observed. With further treatment and under certain
conditions, therefore, it may well be feasible to use As-Samra

sludge safely on agricultural land.

Because of the very limited extent of new construction
contemplated, and the already extensively disturbed nature of the
WAJ site, it is very unlikely that proposed activities at As-
Samra will adversely impact any archaeological sites.
Nevertheless, an archaeological survey of the specific sites
proposed to be disturbed is recommended as an early task during

the construction stage.

Structural design should follow an appropriate seismic design
code.
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SECTION 7
SUMMARY AND CONCLUSIONS

Environmental Impact Summary for Ain Ghazal Treatment Plant

Significant benefit will be provided by odor control and
reduction in freguency of overflows.

The significant adverse impact issues for short-term emergency
measures at AGTP concern odor and the handling and disposal of
screenings and grit, both during normal operations. Odor will
be mitigated with provision of works that facilitate capture of
odorous air, and proper treatment of it. However, there must be
a steady supply of sufficient appropriate chemical reagents to
keep the odor control facilities operating as designed. ;ﬁ

Screenings and grit are best disposed of by prompt transport of
these materials from their point of removal into a covered truck
to a sanitary landfill where daily cover is applied.

Any dust problems should be mitigated by water sprays or by
cover. Noise will be essentially the same as at present, either
during c¢onstruction or subsequent cperations. Issues of
agricultural criteria for effluent or residuals disposal, or of
biclegical impact, or of archaeology, are not relevant at AGTP.

Environmental Impact Summary for the Siphon

Short-term emergency measures should be implemented in identified
critical areas where erosion has threatened the pipeline. WAJ
has already taken important remedial action, but further erosion
protection is warrantad.

A range of longer-term measures is suggested for future study.
Significant environmental impacts may be associated and must be
assessed as part of that study. Seismicity concerns should be

fully addressed.

Structural, operational, and institutional changes should be
made at the AGTP, arnd with respect to the Zarga Pumping Station,
so that in the event of a siphon rupture flows can be immediately
diverted from entering the siphon and bypassed to the neighboring
wadi. Bypassing will enable a quick siphon repair, thus
justifying the short-term impact to the wadi.

The emergency pond should not be used until there is siphon
bypass capability. An emergency spillway for the pond should be

considered in the longer term.

DRAFT - REV. 7/18/93 7-1

BEST AVAILABLE COPY



Environmental Impact Summary for the As-Samra WSP

The proposed measures will reduce environmental impacts on the
agricultural use, pubklic health, and biological aspects of
effluent quality. The measures will also reduce odors generated
at specific points at the plant.

The several options considered for removing and processing sludge
are all environmentally acceptable, except for the drain-and-
excavate option and the dry in-situ process option, when the
sludge is too deep to be accessed for odor and vector control.
In this regard, recommendations are made (refer to Section III
of the Design Report) to leave the deep sludge deposits in place,
abandon the middle anaerobic train ponds when full with sludge,
and provide two additional ponds to replace the abandoned ones.

Heavy metal concentrations are within the USEPA and EC guideline
values for all metals but zinc, which slightly exceeds the
guideline values. Fecal coliform, fecal streptococcus, and
nematode concentrations greatly exceed the USEPA guidelines.
Therefore, short-term emergency measures should be to landfill
or bury the sludge. Means to render the sludge acceptable for
agricultural applications are encouraged for the long term.

It is not 1likely that propocsed activities at As-Samra will
adversely impact any archaeological sites, but an archaeological
survey of specific proposed construction sites is recommended.

This report was prepared by Jonathan A. French of Camp Dresser
& McKee International Inc.
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Statement of Work

I. BACKCROUND

.In 1985, wastewater stabilization ponds werce commissioned at As-

Samra to rclieve overloaded conditions at the Ain Ghazal Wastewater
Treatment Plant (ACWP). At that time, it =as anticipated that
diversion of dry-weather flow to the ponds would end when the AGTP
expansion was completed. With the AGTP expanded, the ponds would
be used only to trecat wet-weather flows. But, except for its
headworks, the AGTP has bcen abandoned, and flow from the Greater
Amman Municipality is diverted to the stabilization ponds Qat As-~

Samra wWastewater Trcatment Plant (AWP).

Besides receiving flows from Amman, the ponds now also receive
flows from Zarga, Ruscifa, and other communities. With all these
sources of wastewater, the capacity of the pcnds is now exceeded.
In 1991, hydraulic load averagecd about 100,000 cu m/d, compared
with a design flow of 68,000 cu m/d. Similarly, organic load is
excessive. The BOD load in 1991 was about 67,000 kg/d, up from the
design BOD load of about 18,000 kg/d. And, 1n 19%2, flows and
loads are higher than in 1991, with these cxcessive loads, the
effluent from the pords coes not meet design standards, in terms of
BOD and of fecal ccliform. Also, ocors {rom the ponds reach arecas

seven to cight Xilemeters away.

Sludge deposition in the anaerobic ponds i5s thought to have reached
a point where it should be removed. If not rcmoved, the sludge
will decrease the volume of the ponds to such an extent that the

effectiveness of the pends will decreasce.

There oare problems also at the headworks at the AGTP. The
headworks are overlioaded hydraulically and from the leocad of
screcnings and grit in the influent wastewater. Odors from the

AGTP headworks c¢an recach residents several kilometers awvay.
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II. OVERVIEW OF EXISTIHG COHNDITIONS
This scction summarizes the information dcaling with the emecrgency
short-term improvements program. Issues related to longer-term
programs are included only as nccessary for understanding the
short-term program.

AIN GHAZAL TREATMENT PLANT

ocesses

The Ain Ghazal Treatment Plant (AGTP) was constructed as a
conventional activated sludge treatment plant, with sludge

‘processing by anacrobic digestion followed by dewatering on belt

filter presses. The plant has been abandoned except for the
headworks, septate facilities, and diversion structure.

In the mid 1980s, supplementary headworks, septate facilities, and
a diversion structure were constructed socuth of the treatment
plant. . The new facilities were built to protect the siphon tc As-
Samra, which, at that time, was to be usced only during wet weather.
However, all facilities at Ain Ghazal have since been abandoned,
except for the surplementary facilities {hecadworks, scptate
facilities, and diversion structure).

The headworks include structures for removal of screenings and
grit. For scrcecenings removal, bar screens with 25-mm openings are
provided. (Originally, the plant included comminutors. These were
removed because of problems with plugging). SGcreenings removal is
followed by grit removal in acroted grit chambers.

Septote facilities include manually raked - bor screens and an
acrated grit chamber. The screcens and the grit chamber are housed

in separate buildings.

The grit from both thc wastewater and septate flows to a grit sump,
from which it is pumpcd to a grit cyclonec. 1In the grit cyclone,
grit is cecparated from the wastewater liquid. The scparated grit
then falls into a sandwhecel, to separate organices.

Physical Condition of Equipment

Operating problems becin at the manhole structures entering the
plant. At these structures, wastewater over{lows to the VWadi

during high flows.

After this, drit and stones accumulate in the distribution channel

ahcad of the screens. Besides clogging the channel, the grit and
stones prevent slide cates provided to isolate the screens from
seating. Indced, the gates have been damaged by operators

attempting to ferce the gates shut.
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Stones that reach the bar screenz cause them to jam. When this
occurs, the flow to the jammed screen can completely be halted only
with difficulty, because of partly open slide gates, both upstream
and downstream.

It is reported that both grit chambers are out of service and are
bypassed. The right-hand grit chamber had been drained, and
buckets are used to remove grit from hoppers. The header to the
diffusers 1is broken. Also, the Survey Report by Engineering
Science notes that the air-lift pumps clog frequently. The
clogging could be from grit or from other materials that pass the

SCreens.

The two screens for septate flow are hand raked and are kept free
from screenings. The grit chamber for septate is being bypassed.

The grit transfer pump, cyclone and grit washer are not in
operation. The operators report that they are not large enough to
process all the grit.

Odor Evaluatijion

Air from the grit and screenings buildings is treated in two
packed-tower scrubbers in series. The scrubbing chemical is sodium
hydroxide, although the operation and maintenance manual calls for
sodium hypochlorite. During the day, the pH of the recirculating
solution is monitored with test paper to maintain a pH of 11. it
appears that the pH drops at night, so that the scrubbing is less
effective.

With sodium hydroxide as the scrubbing ligquid, hydrogen sulfide
dissolves in the scrubbing liquid. Howewver, when the scrubbing
liquid is discharged to the wastewater flow, the pH drops and
hydrogen sulfide is relcased.

Foaming is evident in the viewving port, and bubbles of foam are
released from the scrubber exhaust. Operators report that foaming
began recently, when the supplier of sodium hvdroxide was changed.

Odors in the grit and the screenings buildings vary in severity,
but, because of opening the doors to both buildings, the
effectiveness of the odor control system ic compromised. During
warm weather, odors in the buildings are said to be so intense that
operators have to wear self-contained brcathing equipment, even
with the doors open. With the doors open, the severe odors from
these buildings are prcbably the source of odor complaint from

local residents.

S on S

Flow to the existing AGTP headworks exceeds decsign capacity. The
headwvorks were designed for an average daily flow of 68,000 cu m/d
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and a peak hydravlic flow of 148,000 cu m/d. Thec average flow to
the As-Samra plant in 199 was about 100,000 cu m/d, and pcak flow

excceded 200,000 cu m/d.

When flow exceeds peak hydraulic capacity, cxcess wastewater is
bypassed directly to Wadi Ain Ghazal. The Survey Report states
that rags and other materials pass through the screens. Of course,
wpen the screens are inoperable, all the screenings recach the
siphon, cxcept for wet-weather overflows that are sent to Wadi Ain

Ghazal.

Inadequatq grit removal capacity poses a potential severe problem
to the saphon. Accumulation of grit at the low point will

significantly decreasc its capacity.

Asgessment of Needs

The purposes of the Ain Chazal headworks facility are to protect
the siphon to the Wastewater Stcobilization DPonds and to minimize
the impact of overflows to Wadi Aln Ghazal. Also, the construction
of a sccond siphon has been strongly recommended in the draft
feasibility study prepared by Engincering Sciences Inc. sSo,
improvements to the hecadworks must include additional capacity to
accommodate the flow to bc carricd by the sccond siphon and a
provision for headwork - siphon connecction. At the same time,
odors necd to be addresscd, both for the comfort of local residents

and for safcty of the workers.

To protect the siphon and minimize the impact of overflows, and to
prepare for the construction of a sccond siphon with other donor
support, reliable processes need to be maintaincd that will assure
efficient removal of grit and screcnings. To prevent odors from
recaching the residents, e¢ffecctive and rel:iable odor control ncceds
to be provided. To provide a safe cnvironment for workers,

adequate ventilation nceds to be assurec.

At Ain Ghazal, the emcrgency short-term programs necds, which are
discussed further in the Scction III, are as follows:

o] Provide reliable removal of grit apd screenings
o] Control odorous cmissions ‘

WASTEWATER STABILIZATION PONDS

Initially constructed to rclieve the Ain Ghazal Treatment Plant,
the Wastcwater Stabilization Ponds at the As-Samra soon replaced
the AGTP. They also have flows and loads higher than the design

levels.
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Processes

The ponds consist of threce trains cach consicsting of two anaerobic
ponds, four facultative ponds, and four maoturation ponds. Parallel
operation of some of the ponds itc possible, but 1t is reported that
this flow scheme does not moterially improve trecatment. Flow can
be recirculated from the last facultative pond in train 2 and from
maturation ponds in trains 1 and J to the distribution structure at

the head of the facultative ponds.

Physical Condition of Eguipment

Except for corrosion of some metal, the equipment at the Wastewater
Stabilization Pond appears to be in good condition.

Qdor Evaluatjon

It is reported that odors from the ponds can reach up to seven or
eight kilometers from the lagoons. The major source of odors is
the influent structure at the exit of the siphon. Secondary
sources of odors include the first anaerobic ponds and distribution

structures after each anaeroblic¢ pond.

Progcess Considerations

The effluent goals for the pond system were as foilows:

Design average filtered five-day BOD 20 mg/L
Mean effluent filtered BOD 30 mg/L
Maximum fecal coliform count 100 MPN/100 mL.

However, because the ponds are overloaded, effluent from the ponds
does not meet the goals. Monthly averages for effluent filtered
BOD are somewhat less than 50 mg/L in the summer. 1In the winter,
monthly averages for filtered BOD reach up to about 120 mg/L.

Stabilization-pond efflucnt is now chlorinated to decrease coliform
concentrations. It is reperted that 10 wmg/L of chlerine are
adequate during the summer to decrcase fecal coliform
concentrations to less than 1005/100 mL. In the winter, about 25

.mg/L are required to meet the standards. Because chlorination

capacity is a dosage of 25 mg/L a%t average design flows,
chlorination capacity is insufficient for high winter flows.

Besides being overloaded, the ponds also suffer f{rom short
circuiting. With short circuiting, much of the flow is not held
for the design detention time.

Although the plant supervisor believes that zludge accumulation in
the anaerobic lagoons has not yct adversely impacted performance of
the ponds, this sludge should be removed because about 2 meters of
sludge hawve accumulated.
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In the past, foaming has been a problem in the stabilization ponds.
However, as biodegradable detergents replace the non-biodegradable
detergents formerly used, foaming is apparcntly becoming less of
a problem.

Assessment of Long-term Alternatives

In evaluating improvements to the Wastewater Stabilization Ponds,
planning for long-term improvements neceds to be considered. In the
Conceptual Study, four alternatives were developed to improve
effluent reaching Wadi Dhuleil. The alternatives are:

Additional waste stabilization ponds
Adding aeration equipment to the ponds
Conventional secondary treatment
Treatment of Zarga flows separately.

The Conceptual Study recommended that aeration equipment be added
to the second anaerobic pond and first and sccond facultative pond
in each train.

ssessment of Needs

The emergency short-term program necds at As-Samra ponds, which are
discussed further in Section III, can be summarized as follows:

Control emissions

Desludge anaerobic ponds

Improve operation of stabilization ponds
Improve chlorination facilities

00O
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III. SCOPE OF SHORT-TERM IMPROVEMENTS
The short-term improvements are as follows:

A. For the Ain Ghazal Treatment Plant
Provide Reliable Removal of Grit and Screenings Improved removal

of grit and screenings must consider three factors:

One, if retained as part of the short-term program, the
“exlsting equipment needs to be repaired and modified to
improve reliability.

Two, redundancy must be provided, sc that a unit is
always in service. For example, becausc there is only
one grit chamber for septate, septate flow must be
bypassed when the grit chamber is bypsssed. Operators
report that this grit chamber is out of service about
once every two months, for at least a week each time.

Three, increased capacity is needed. The screens should
be able to process all flows reaching the Ain Ghazal
plant, including flows exceeding the copacity of the
siphon.

These needs hold not only for the wastewater stream, but alco for
grit storage, grit classification, and grit washing.

Control Emissions. Odorous enmissions to the neighborhood and odor
levels inside working areas must be controlled. To control odors
to the neighborhood, all emissions from the septate works must be
collected (none must be allowed to exit through doors and windows)
and properly treated. To protect workers, wventilation rates must
be high encugh to decrease rooh level concentrations of pollutants.
Some segregation of volumes, such as by placing a cover on grit
chambers, can be achicved.

A lower priority can be set on emissions fror the headworks for the
wastewater stream. These have less of an odor level, but control
is desirable.

B. For the Wastewater Stabilization Ponds at As-Samra

Control emissions. Controlling fugitive emissions from the
anaerobic lagoons themselves would likely be too expensive. But
the emissions from influent and distribution structures can be
controlled. For this,’ the structures would be covered and the
emissions treated to remove the odors.
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Desludge anaerobic ponds. The anaerobic ponds should be desludged.
whether the sludge is or is not impacting current effluent guality,

the sludge will eventually have to be removed. To assure that
sludge in the ponds does not 1impede the treatment process, the
sludge in the ponds shculd be removed now. Careful attention needs
to be given to the procedures for removing the sludge, for
processing the sludge, and altecrnatives for disposal or reuse need
to be analyzed in cocrdipation with WAJ,

Improve operation of stabilization ponds. Operation of the
stabilization ponds can be improved by improving flow through the
ponds so that more of the available volume will be available for
treatment and by adding aeration. Flow patterns can be improved by
modifications in headworks and influent distribution and by
decreasing short circuiting. Short circuiting can be decreased,
for example, by addition of baffles in the ponds. Some baffles
could consist of dikes or walls. These baf{fles would affect the
entire flow stream. Other baffles could float on the surface.
Flooding baffles would deccrease the effect of wind action. The
addition of aerators fits with the improvement program recormmended
in the Conceptual and Feasibility Studies.

The improvement of headworks and distribution flow shall include
additional capacity to accommodate the flow to be carried by the
second siphon and a provision for headwork - siphon connection, as
recommended by the draft feasibility study and as planned in the
near future by the GOJ in cooperation with other donors.

mprove chloripation facilities. For increased pathogen

destruction, increased detention time or increased chlorination
capacity (or both) will be required.
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IV. ENGINEERING DESIGN SERVICES

This section provides (1) a description of the project work plan,

(2)

staffing level and strategy, and (3} project implementaticn

schedule.

A.

Project Work Plan
The project work plan shall include the following tasks:

Task 1 - Field Investigation and Data Collection

Under this Task, the following will be performed:

Task 1.1 - Topodgraphi¢ Survey: This shall include
verification of ground spot elevations, top of structure and
sewer invert elevations as required f{er the design of the
emergency short-term facilities at the AGTP Headworks and at
the As-Samra WSP.

Task 1.2 - Geotechnical Investigation: This shall include
review of the available existing geotechnical information for
the location of the AGTP Headworks and As-Samra WSP
facilities. Additional soil borings ond laboratory testing
will be provided as required for the design of the headwork
expansion and odor control foacilities at AGTP site and the
odor control facilities, 1inlet distribution structures and
chlorination facilities at As-Samra WSP site. It 1is
anticipated that a total of 160 - 24C linear meter borings
will be required.

Task 1.3 - laboratory Sampling and Testing: This shall
include the review of the available laboratory analyses data
on wastewater effluent and effluent at the AGTP headworks and
As-Samra WSP facilities. This shall include (1) the AGTP and
As-Samra WSP plant operating data, (2) 1989 - 1990 Annual
Report of the Environmental Research Center of the Royal
Scientific Society of Jordan regarding the study of the As-
Samra treatment plant {cto be made available through the WAJ},
and (3) any other relevant data.

Additional laboratory wastewater sampling and testing shall be
performed as required to provide data for the design of the
short-term emergency improvements.

ask 1.4 = Ai uality Field Measurement: This shall include
field measurement of the air-borne hydrogen sulfide (H,S)
levels at the AGTP.and As-Samra Headworks and at the locations
of the inlet/outlet structures of the ponds. The measurements
will be used in the development of the design criteria for the
proposed odor facilities of the short-term emergency
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improvement.

Task 1.5 ~ Pond Sludge CGuantificatjen and Characterization:
This shall include field measurement of the sludge guantities
deposited in the As-Samra anaerobic and facultative Popnds. It
shall also include an evaluation of the sludge
‘characteristics, such as concentration, volatile hydrogen
sulfide concentration, and metal concentration.

Sludge quantities to be removed from the anaerobic and
proposed aerated facultative ponds will be estimated. In
addition, the amount of excavated material resulting from the
conversion of the first and second sets of the facultative
ponds will be estimated. These estimated quantities will be
used in the design of the sludge and spoil disposal scheme.

In cooperation with WAJ, alternatives for sludge reuse will be
analyzed and reccmmendations on sludge disposal and resusc
will be presented.

Task 2 - Desjgn Report and Environmental Assessment Statement

Under this task, a review of the reports generated by other
consultants will be made. This will include:

(1) The Final Report for the survey of Existing As-Samra
Wastewater Stabilization Pond System, dated March 1992.

(2) Final Conceptual Study Upgrading and Expansion of the
Wastewater Stabilization Pond System at hs-Samra, dated
June 1992,

() Draft Feasibility Study, dated August 1992.

The consultant will prepare-a report and provide its independent
assessment of the needs of a short-term emergency program.

vironment ssessme

Under this task, a review of the environmental assessment presented

‘in the Draft Feasibility Study will be made to ensure that the

assessment covers the cmergency short-term improvements program,
including the following activities:

(a} Review of the environmental impacts,
"(b) Environmental scoping statement,
.(c) Agriculture water use impacts,

(d) Public health.impacts,

(e} oOdor and cther air quality impacts,

(f) Lamd use and biclogical impacts,
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(g} Environmental impact mitigation concepts.

{h) Assessment of the archaeoclogical recmains which mnight be
encountered in implementing the short-term imprcvenents
program along with a plan for damage mitigation.

Comments generated from this review will be discussed with USAID
and a separate Environmental Assessment Report will be prepared o
cover the short-term emergency program. This report will be
submitted to USAID at the Design Report completion stage.

Preliminary Desjgn

Based on the recommendations of the Draft Feasibility Study for the
short-term improvements program, a review of the plants’ operating
data and results of the supplemental laboratory testing, a
preliminary process design of the short-term improvements will be
performed. The identification and extent of alternatives to be
evaluated as part of this preliminary design will depend on the
extent of alternative evaluation pecrformed under the Draft
Feasibility Study phase by other consultants. The evaluation and
development of alternatives for the Desigr Report will include the

following:
(a) Improvements to grit and screcnings systems

. Provide for flow measurement upstream of the
preliminary trcatment facilities at AGTP. Study
the effect of sludge resulting from other treatment
plants disposal on AGTP headwork and siphen.

. Estimate flow, and guantities of grit and
screenings.
. Set goals for grit and screenings removal

(e.g. flows to be treated, grit and screenings
to be removed, redundancy reguircd)

. Determine capacity of existing units.

. Examine grit and screenings systems, and determine
need for rehabilitation and suitability for future
use.

. List alternatives, including use or abandonment of
existing structures. Alternatives will include

entirely new facilities, repairing and expanding
existing facilities, and trecating septate flows
with wastewater flows. Also, alternative equipment
types, such as vortex grit chambers and finer
sCreens will be considered. For these
alternatives, provide for preliminary treatmert of
Z1)l flows, including flows exceeding the capacity

BEST AVAILABLE COPY



(b)

(c)

(d)

Page 12 of 19

of the siphons.,

. Evaluate alternatives, considering costs,
reliability, efficiency and other factors.

. Select concepts for design.
. Develop concepts, including system hydraulics.

Control of emissions at AGTP hcadworks and septate
facilities

. Analyze results of field sampling program, to
determine odor intensity.

. Identify alternatives for collecting odorous
air, 'considering worker safety and odor
complaints from local residents. For
wastewater screens and grit chambers, consider
covering units. For scptate screens and

chambers, consider covering units (within
their buildings).

. Determine air flecws reguired.
. Estimate odor reduction required.
. Determine capacity of existirng odor-control

eguipment.

° Identify alternatives for treating collected
odorcus air.

. Evaluate alternatives for collecting air and
for treating odors.

. Select concepts for design.
. Develop concepts.

Investigate the siphon cathodic protection system and

_provide for replacement of anodes if reguired. Evaluate

the critical zones of the siphoen as determined by
external forces such as erosion, and provide measures
needed for its protection.

control of emissions at Wastewater Stabilization Ponds

. Analyze results of field sampling program, to
determire odor intensity.
. Determine critical odorous sources.
BEST AVAILABLE COPY



(e)

(£)

L]

Page 11 of 19

Identify alternatives for decreasing emissions
and for collecting odorous air.

Determine air flows reguired.
Estimate odor reduction reguired.

Evaluate alternatives for decreasing
emissions, for collecting air and for treating

odors.

Select concepts for design.

Develop concepts.

Inlet and distribution improvements at the ponds

[ ]

Study the hydraulics of inlet works at As-Samra WSP
(parshal flume, ultra sonic flow sensor,
distribution gates pipe feeding to first set of

ponds) .

Identify alternatives to improve headworks and
inlet conditions and distribution and to
decrease short circuiting. Ccnsider diffuser
arrangement and baffles to control entire flow

— e

and to decreose wind effects.

Evaluate alternatives.

Select concepts for design.

Develop concepts.

Addition of aeration to ponds

Develop effluent goals in ccnsultation with
USAID and WAJ. '

Review previous work related to addition of
aerators in ponds.

Assess relationship between aeration in the
short-term program and reguirenents for long-

term program.

Review ’‘alternative locations for oxygen
addition, considering possible growth of alqgae
in sukscguent ponds.

Estimate oxygen requirement.
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Identify alternative methods of aeration.

Estimate oxygen transfer efficiency of
alternative methods of acration and determine
power regquirements.

Evaluate alternatives for adding oxygen. In
evaluation, consider life-cycle costs. Also
consider desirability of flexibility reguired
for repositioning aerators and regquirement for
excavation reguired for installation of
aerators.

Pilot testing of pond aeration. This optional task
may be recommended pending the results of
investigations during the preliminary design phase.
Select concept for design.

Develop concept.

Desludging anaerobic and facultative ponds

From results of field program, estimate volume
of sludge and scum to be remcved.

Identify alternative procedures for desludging
ponds.

Identify alternatives for transporting,
processing and disposing of sludge.

Evaluate alternatives for desludging ponds and
for transporting processing and disposing of
sludge, considering costs, odor gcneration,
potential fOr rcuse, and environmental impact.
Select concepts for design.

Develop concepts.

Improvements to chlorination facilities

Evaluate current chlorination practice.
Identify alternatives for improving
disinfection, including providing more
chleorine, more detention time, or both.

Review potential modifications to decrease
short circuiting in chlorine contact tanks.
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. Evaluate formation of chloroform and other
trihalomethanes, and their impact on the
environment. (Perform laboratory analysis to
measure trihalomethane concentration in
chlorinated effluent.)

. Conduct test program to optimize chlorine dose
and detention time, and evaluate results.

. Evaluate alternatives for improving
chlorination practice, 1including life-cycle
costs.

. Select concept for design.

. Develop concept.

Report will be prepared; this report shall include:

(1}
(2)
(3)
(4)
(5)

(6)

(7}

(8}

Overview of existing conditions.

Evaluation of Alternatives.

Description of the recommended short-term improvements.
As-Samra System flow schematic and hydraulic profile.

Conceptual lavouts and details of the expanded
preliminary treatment (i.e. screering and grit removal)}
facilities including odor certrol at AGTP and the odor
control, imprcved headwork and inlet pond distribution,
aeration and expanded chlorination facilities at the As-
Samra WSP.

Project functional design criteria; this shall include
the following functions:

Process/Mechanical

Civil/site

Architectural

Structural

Heating ventilation and alr conditioning (HVAC)
‘Plumbing

Electrical

Instrumentaticn and contrel (1&C)

Nominated 1list of equipment manufacturers including
manufacturer catalogue data (i.e. odor control and pond
aeration eqguipment).

Operation and maintenance needs of the As-Samra upgraded
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facilities (i.e. scope, budget, spare parts, chemicals
for the odor contrcl and chlorination facilities).

(9) Probable construction cost estimate at the preliminary
stage of design.

(10} Recommended construction packaging, seguence of
construction including temporary measures during
construction, and construction schedule.

(11) outline of the tender documents specifications and a list
of the contract drawings.

The completed Environmental Assessment and the Project Design
Report will be reviewed by the Water Authority of Jordan (WAJ) and
USAID. All comments will be reviewed, resolwved and incorporated

into the Design Report and the Environmental Assessment Report.
Task 3 - Detajiled Desicn _and Prevaration o nder documents

Upon completion of USAID and WAJ reviews of the Design Report, work
will start on the detailed design and tender documents for the
emergency short-term improvements. This shall include the

following tasks:

Task 3.1 -~ Functional Design: Under this task, the conceptual
design calculations, design criteria, equipment sizing and
selection will be finalized. Dectailed design calculations will be
prepared and be available for transmittal to USAID at the closeout

of the project.

Task 1.2 - Contract Specifications: Under this task, the tender
document specification will be prepared to conform to USAID direct

procurement requirements; this will include the following:
. Contract Ferms and General Requirements. This shall
include the contract Bill of Quantities as coordinated

with the HAJ.

. General Conditions {latest cdition of FIDIC)
] Detailed contract specifications in CSI Format (Division
0 thru 16).

Task 3.3 - Contract Drawings - Under this task, detailed contract
drawings will be prepared. These shall include civil/site
structural, process/mechanical, HVAC, electrical and I&C drawings.
CADD facilities will be used in the preparation of contract
drawings. Electronic drawing files will Dbe submitted to WAJ
through USAID for their use in the development of "“Record"

drawings.

Task 3.4 - Probable Construction Cost Estimate: Under this task,
the preliminary design phase construction cost estimate will be
upgradesds to reflect the details of the Final Design. The

BEST AVAILABLE COPY



Page 17 of 19

Engineer’s detaliled probable construction cost estimate shall be
submitted to USAID for budgeting purposes and for use in the
evaluation of the bids received from contractors.

Project Reviews

This shall include the consultant, WAJ and USAID reviews of the
project technical deliverables at different phases of the program.
These reviews shall be as follows:

(a) Consultant Reviews ~ Consultant senior staff who are not
involved in the design of the emergency short-term
improvements will provide technical reviews of the project
deliverables as follows:

1. Technical review of the draft projcct Design Report.

2. Quality Assurance, Quality Control (QA/QC) reviews of the
detailed design and tender documents. These reviews
shall be madec at 50% and 90% completion stages of the

tender documents respectively.

(b) WAJ and USAID Reviews - These official reviews shall be made
at two stages: (1) at the completion of the Project Design and
Environmental Asscssment Reports, and (2) at the completicn of
the detailed design and tender documents.

For the purﬁose of these reviews, the Consultant shall submit
ten (10) copies of the design report and tender documents to
USAID for distribution. Upon completion of the reviews
comments will be evaluated, rcsolved and incorporated in the
final tender documents (i.e. design recport, drawings and

specifications).

roijec anagement

The Consultant shall provide a project leader to be stationed in
Amman, Jordan, for a nine-month perjod (November 1992 - July 1993),
who will provide full-time proiect management services; these

services will include:

1. Mobilization of the expatriate and local project teanm
members.

Arrange for and hold a kick-off workshop to be attended
by the Consultant team, the local subconsultant tean, and

representatives of WAJ and USAID.

2.

3. Arrange for and conduct reviews of the project
deliverables by the Consultant, WAJ and USAID.
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4. Arrange for consultant specialists visits to provide expert
reviews and consultation as required.

5. Prepare and submit to USAID milestone progress reports as
required. These progress reports will identify work
work to be performed during the next reporting

completed,
period, major issues, problems ond recommended solutions.
6. Provide liaison with USAID and representatives of the WAJ.
7. Provide marnagement of the consultant and subconsultant
teams.
B. Provide home office support.
9. Provide for demobilization of the project team, and arn
This shall include

orderly closeout of the project.
assembly and delivery

to USAID of the project records,
pertinent technical matcrial.

deliverables and other

The project leader provided by the consultant will work closely with
the GOJ and USAID project managers and the GOJ technical advisory
committee. To ensure close coordination among all concerned parties,

a regular coordination meeting will be held every two weeks.

r: The duration of the study is anticipated to

be approximately 8 months of intensive field work, and one additional
month to finalize the feport. Work is anticipated to start o/a
December 1, 1992 and be completed o/a Seplember 30, 1993.

Jmplementation Schedule;
The following is a2 summary of the major actions and deliverables, as
reflected in the attached Implementation Schedule:

1271792 - 12/712/1892 Mobilizaticn of Field Staff

12/1%/92 -~ 3/31/93 Tasks 1 and 2

2/28/93 Submit Short-term Improvement
Assessment Report

3/731/93 Submit Design Report and
Environmental Assessment
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4/1/93 - 4/15/93

3731793 - 8/31/93

9/1/93

9/2/93 - 9/15/33

9/30/93

Review of the Design and
Environmental Assessment
by GOJ and USAID

Task 3

Final Detailed Design and Tender
Documents

Review by GOJ and A.1.D. of the
Detailed Cesign and Tender
Documents

Fifty (50) Copies of Final
Detailed Design and Tender
Documents
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APPENDIX B

ANALYSES FOR QUALITY OF SLUDGE IN THE AS-SAMRA ANAEROBIC
STABILIZATION PONDS:

SELECTED TABLES FROM APPENDIX B OF THE DESIGN REPORT

B.6 Results of Heavy Metals Analysis of Sludge Samples, by the

Royal Scientific Society

B.7 Results of Physical and Biological Analysis, by the Royal

Scientific Society

B.8 Biological Analysis of Sludge, by M. Hindiyeh

B-1
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TABLE B.6 RESULTS OF HEAVY-NETALS ABALYSIS QF SLUDGE SANPLES

in [THT 423.0  1395.0 186).0 1963.0 17300 8ld.0 1911 2640.0  2470.0 3100.0  3850.0 30000 Q810.0 1670 1670.0 31200  2530.0
] ag/kg 1.1 1.8 1.7 7.9 T .3 1.8 11.9 n.e 1.9 1.5 9.5 5.0 3.0 1.1 1.1 9.4

SAMPLE N0,

[BLENERT UNITS (a) 1.0 3.0 4 g 6 1 8 9 1 19 25 ] " 2 10 4 4

I V7T 1.0 48 B4 07 a0 B4 T8 12 66 8510 109 123 8.0 8550 0.960 9.0 11
boM egfkg By (B 1 (b ( 46 LY () w3y ows w87 LY L1 10 48 59
N YR 0.6 (b) 1.1 1.1 LS 1Y 09 18 14 LS L6 L0 6 16 4 18 2.9
Do g/l 0.9 (b %8 45 443 X1 S6 s4 69 81 11 T Y s 5.6 4.
foCo wg/lg LTS 76 S48 82 83 1LY LT B9 R 3 %0 34 31 a0 Mo
boCr ag/kg 801 1900 200.0  170.0  167.0  258.0  137.0  395.0  483.0  669.0  579.0  236.0  120.0 1130  189.0 18,0 3040
foCe wg/kg 649 1520 2360  207.0 2240 199.0 2600  369.0 3480 312.0  363.0 3390 300.0 7.0 266.0 3740 21,0
t Fe  ag/kg  2590.0 13950.0 21718.0 16319.0 193280 20849.0 123676.0 18736.0  H4.7 182 2.4 209 150 150 167 16.0 1.3
C Ry wgfkg 04 LY L0 % L8 L0 LS 29 40 4 40 41 53 39 a4 s )
ol gk L7 (b) (S RS O TR SR N ST ¢ NN SN 9% (RN O NN Y SN It RN Y T S GNN N 2.0 1.6
LK agfkg 9.8 1010 1240 1350 IS0 143.0 141D 8.0 139,0 1S40 175.0 1650  139.0  142.0  129.0  130.0  107.0
LN aglkg 1.0 507 8% 370 5.3 S0l 6o.8 S5 3T 4T S0.6 59.0 660 664 501 467 L.
toPh g/t SO0 140 1950 1330 172.0 141 1510 1900 §50.0  189.0  209.0  211.0  163.0  160.0  157.0  160.0  13%.0
1S ag/lg 0.0 63 1.3 24 Al 1.1 13 29 e LT 33 1Y 06 06 0.6 0.9 09
CoSt o agflg (b  (b) by (b (b) (b () (b (b) (b)) (b)) () 1028.0 4570  290.0  189.0  308.0
bosn o ag/kg (b) (b) () (b (t) () () (» 05 0.3 03 (b} 05 031 05 0.4 0.6
PO eglig (b) (b) 2360 2.0 22.0 2340 1550 6.0  156.0 136.0 2170 .0 1IN0 1400 1620 1410 83,0
v aglty (b) (b 48,7 .4 468 3T (b} B4 910 190 MLO 1130 950 890  #6.0 B0 5.0

(a) Dry Yelght Basls

{b) Conceatration {3 below the detection linit of the element in the floal digested solution

<)
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TABLE B-7
ANAEROBIC POND SLUDGE
lﬁl}SICAL AND BIOLOGICAL ANALYSIS Jﬂ
TS TVS TCC TFCC FOG NEMATODES™*
SAMPLE NO. (MPN/100ml) | (MPN/100ml) {mg/1) (Eggs/10 gm
gn/kg ¥ gm/kg |¥ of TS solfu;;et)

1 112.3%4 11.24 81.51% 72.51 X X
2 7.798 0.78 4.818 61.54 X X 7
4 126.676 12.67 ) ~70.240 55.41 1.7E408 1.7E+07 20(A. 1)
S 105.633 10.56 56.659 53.69 5.0E+08 2.3E+07 20{(A.1}
6 109.262 10.93 713678 65.60 5.0E+08 1.7E+07 20(A.1)
7 145.868 14.69 91.803 62.49 x x
8 186.304 18.63 90¢.779 48.74 X x i
gA 87.366 8.74 50.270 57.55 x x

l 10 87.077 8.71 45.849 52.58 X X
11 98.681 9.87 53.3%89 54.71 1.3E+07 1.0E+06
12 115.776 | 11.58 | 63.770] 55.09 b X
13 93.920 9.39 51.744 55.06 5.08¢07 4.0E+06 30(A. 1)
14 117.333 11.73 63.940 54 .48 X X
15 110.112 11.01 60.386 54.86 X b
16 129.085% 12.91 74.293 57.%5% S.0E+0G 2.0E+06 39(A.1)
17 114 .083 11.41 62.990 56.21 X X

18 |116.381 | 11.64] 64.076| 55.07 | ®x X
* Nematode species A.l = Ascaris lumbriceoides, T.t = Trichuris trichiura
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- N TABLE B-7 - a
ANAEROBIC POND SLUDGE

- PHYSICAL AND BIOLOGICAL ANALYSIS (CONTINUED)
TS TVS TCC TFCC FOG NEMATODES"
SAMPLE NO. (MPN/100ml) (MPN/100ml)} (mg/1) (eggs/10 gm
- gn/kg ¢ ‘gw/kg % of TS| - scﬁlcgeet)
| 19 116.433 | 11.64 | 64.716 | 55.58 2.3E+07 2.0E+06 30 (A1)
20 118.818 ] 11.88( 68.729| 57.83 X X
| 21 126.073 | 12.61| 73.988 | s8.88 X % |
| 22 137.627 | 13.76| 74.089 | s3.85% X X
23 137.327 ] 13.73] 74.612]1 54.33 X X
24 126.930 | 12.69| 69.051| 54.a5 X X
25 120.446 | 12.04 | 62.813| 52.16 8.0E+06 2.0E+06 10(A.1)
26 110.734 | 11.07] 57.255| 51.76 X X
27 108.364 10.84 58.870 | 54.34 1.1E+07 2,0E+06 25(A. 1) "
28 104.357 | 10.44| 64.178| 61.49 X X e
29 101.298 | 10.13| €4.433| 62.57 X X
30 106.131 | 10.61| 63.374| 59.75 X X
31 158.518( 15.85| 75.473| 47.63 S.0E+07 1.1E+07 13(A.1) “
32 137.812 | 13.78| 73.056 | S3.05 5.0E+07 1.3E+07 S}K:E%
33 127.713 | 12.77| 70.278| s5.05 X X BIT-t)
+ Nematode species A.l = Ascaris lumbricoides, T.t = Trichuris trichiura
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B TABLE B-7
ANAEROBIC POND SLUDGE
PHYSICAL AND BIOLOGICAL ANALYSIS (CONCLUDED})
F_ TS TVS TCC TFCC FOG NEMATODES *
H SAMPLE NO. | (MPN/100m1) | (MPN/100ml) | (mg/1) egg?/lo gm
. . of wet
an/kd | ¥ | _sm/kg|% of 18 sludge)
34 118.513 | 11.85| 66.098 | 55.77 X X
15 124.395( 12.44 | 70.222| sS6.4s X X
36 113.560 | 11.36( 62.793| 55.23 X X
37 109.150 | 10.92| 58.523 7 53.57 X X
38 191.474 ) 19.15 ]| 92.955) 48.55 5.00E+06 2.00E+05 20(A.1)
39 219.315] 21.93)|103.889 | 47.37 3.00E+06 4.00E+05 15(T.t)
40 200.693 | 20.07] 99.292| 49.47 3.00E+07 1.70E+06 13(T.t)
42 184.771 ] 1B.48 | 93.529! 50.62 1.10E+06 2.00E+05 16 (A.1)
' 16 (T.t)
43 139.684 | 13.97| 73.099| s2.33 3.00E+07 1.70E+06 BO(A.1)
32{T.t)
* Nematode specles : A.l = Ascaris lumbricoides, T.t = Trichuris trichiura



| | | K | B
TABLE B.8 B{OLOGICAI ANALYSIS OF
SLUDGE DY H. WINDIYEY

| o o e o kb e e e o s e i e o T e i = e e !
! HFR/100 HL  HPH/100 ML CEU*/100 HL CFU/100 KL EGGS /G EGGS/C EGGS /G EGG3 /G EGGS/G |
o m e T e e e L :
! SAHILE SAMFLE FECAL SALMONELLA TOTAL H
H NO.*® 3ITE TCC TECC STREi’TOCDCCI Ep. HELHINTUS ASCARLS TRICHURNIS HYHENOLOP1S TAENTA % VIARILITY (3] H
f o oo i m e e o e m e m s e e o —m . (S e e e e e e em i i mm—— e m = e m———— ]
H FOND |
: A l-l :
! 8 ] 8.0x10°7 1.4X10°7 4X10°1 7.2%10°17 10.% 4.5 1.5 3 1.5 29 6.7 H
H % 14 2.2%10°8 3.0%10°7 LX10°5 10107 28.0 B.D 0 12 8.0 ILILO 6.7 H
H 3l n r.0x1079@ 2.0X10%% LERO 2.0X10"8 2.1 22.7 Q Q 0 5.7 1.0 !
: L¥] 7] L.0X10°7 1.3x10"°7 :
! D 40 27 1.0x10°7 1.7X10" 6 LERO 1.4X10°& 10.4 an. 4 ] o 9 4.8 1.0 H
! POND :
! A 1-2 H
H r? % 3.0x10"°8 1.IX107 4 1.0X10"% 4.0810°5 72 17 0 o] 1) 2.2 6.8 i
H 3% 18 B.0X10°¢% 2.0%X10°% 7.0Xt10°4 §.0710°% 0 70 o Q 0 70 5.7 i
H 6 9 8.0%1Gg°7 1.71¢10"°7 2.0x1n"1 7001078 19 1%.8 0 0.6 Q.0 78 4.8 H
: 7 11 POAKEOCT 2.0X1G 8 H
' |
H FORD !
H A 2-1 '
i 3 2 4.4x10°8 5.0X10°7 5.5%10°% 9.0x10"°7 14.7 11.7 2. 0.7 0 18.4 . b H
H L} q " 1.Tx10°8 1.7X10°7 L.7X10°5 2.0%10°7 5,25 4.3 0 0.73% Q LERQ 8.5 |
1 o 3% 23 3.0%10°% 4.0X10"3 LERD 1.4X10°% 213.3 23.3 0 0 0 16.7 7.6 !
§mmm e s . U P S
NOTES:

. “CFU" a Colony Forming Units
** Preflx "D" denotes zamplo Crom the bottom of the sludge depoait
12 Redox petential for Saaple Site 4 was -100.
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TABLE B.&8 BIOLOGICAL ANALYSIS QF
SLUDGE BY M, MIKDIYEN (CCHNCLUCELD)

H MPN/100 ML MPH/100 ML CFU-/100 ML CEU/100 ML EGTI3/% EG53/6

! SAMFLE SAMFLE FECAL SALHCNELLA TeTaL

: NO, SITE TCC TECC STREPTOCCLCT ED. HELHINTYHS ASCLRIS

! FCUD

tooA =2

: 16 2% $.0710°7 2.0X10°%¢ 1.6410"%2 L. IX10 s 1190 W3

: 19 11 4,4710°% 1101078 2.4X}10°5 ,5.0x10%¢ i6 té

; 20 10 . 7.31010°1 2.0X10°5 2.7¥10°5 4.0X107¢ ue 91

: D42 17 3.0X10%¢ a.0%13%3% LERQ 1, UxX10"4 93 59

1 FosD

A 31
5 [ £.0%10°8 1.3%1077

! 3 10 35,0108 1.7x10°1

i 8 18 3.0x10°8 2.2x10%8 3.5%210°5 L.2xqes? 23,3 4.5

H 9 19 8.0xlo-a 2.u%10%7 3.5%10°% 5.0X10°7 b3 :

g D o8 : 5.0710%% 1,0%10°% 1.6X10 2 5.5410°7 t.3 1.

H POND

: A o3-2

i 10 1 4,0X10°7 1.6710%% 6,0X10°7 &,5X10°7 n 2¢.7

! 11 10 1.3xi0-7 4.0X10°b =3 13

i 1) 18 4.1%10°7 4.6%10"% 4.0x10%3 2.7%10% % 9.4 5.4

! L4y 21 ). ox10°7 1. TX10%s 1EFO T EX10%8

f-—m—— e m e mr e - e B E e A W e T R HE T W MRS R R 1% NI TR b eV G ME A= i e e m e s e i

MOTE:

*** Redox potential for Saaple Sile 10 vas -257,
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APPENDIX C

PROCESSES TO SIGNIFICANTLY REDUCE PATHOGENS
AND TO FURTHER REDUCE PATHOGENS

This appendix is a copy of Appendix B - Pathogen Treatment
Processes, from Reference 8 of this Environmental Assessment

Report.

A. PROCESSES TO SIGNIFICANTLY REDUCE PATHOGENS (PSRP)

1. Aerobic Digestion

Sewage sludge is agitated with air or oxygen to maintain
aerobic conditions for a specific mean cell residence time at
a specific temperature. Values for the mean cell residence
time and temperature shall be between 40 days at 20 degrees
Celsius and 60 days at 15 degrees Celsius.

2. Air Drying

Sewage sludge is dried on sand beds or on paved or unpaved
basins. The sewage sludge dries for a minimum of three
months. During two of the three months, the ambient average
daily temperature is above zero degrees Celsius.

3. Anaerobic Digestion

Sewage sludge is treated in the absence of air for a specific
mean cell residence time at a specific temperature. Values
for the mean cell residence time and temperature shall be
between 15 days at 35 to 55 degrees Celsius and 60 days at 20

degrees Celsius.

4. Composting

Using either the within-vessel, static aerated pile, or
windrow composting methods, the temperature of the sewage
sludge is raised to 40 degrees Celsius or higher and remains
at 40 degrees Celsius or higher for 5 days. For four hours
during the five days, the temperature in the compost pile

exceeds 55 degrees Celsius.

5. Lime Stabilization

Sufficient lime is added to the sewage sludge to raise the pH
of the sewage sludge to 12 after two hours of contact.

B. PROCESSES TC FURTHER REDUCE PATHCGENS (PFRP)

Composting

Using either the within-vessel composting method or the static
aerated pile composting method, the temfe;ature of the sewage
sludge is maintained at 55 degrees Celsius or higher for 3

days.

Using the windrow composting method, the temperature of the
sewage sludge is maintained at 55 degrees or higher for 15

days or longer.

c-1 ' \Q\



During the period when the compost is maintained at 55 degrees
or higher, there shall be a minimum of five turnings of the
windrow.

Heat Drying

Sewage sludge is dried by direct or indirect contact with hot
gases to reduce the moisture content of the sewage sludge to
10 percent or lower. Either the temperature of the sewage
sludge particles exceeds 80 degrees Celsius or the wet bulb*
temperature of the gas in contact with the sewage sludge as
the sewage sludge leaves the dryer exceeds 80 degrees Celsius.

* [CDM cautions that in their experience with heat drying, use
of the wet bulb temperature is very 1likely to lead to
overheating and fire danger. Use of the dry bulb temperature
is appropriate and far safer.

Heat Treatment

Liquid sewage sludge is heated to a temperature of 180 degrees
Celsius or higher for 30 minutes.

Thermophilic Aerobic Digestion

Ligquid sewage sludge is agitated with air or oxygen to
maintain aercobic conditions and the mean cell residence time
of the sewage sludge is 10 days at 55 to 60 degrees Celsius.

Beta Ray Irradiation

Sewage sludge is irradiated with beta rays from an accelerator
at dosages of at least 1.0 megarad at room temperature (ca. 20
degrees Celsius).

Gamma Ray Irradiation

Sewage sludge is irradiated with gamma rays from certain
isotopes, such as Cobalt €60 and Cesium 137, at room
temperature (ca. 20 degrees Celsius}.

Pasteurization

The temperature of the sewage sludge is maintained at 67
degrees Celsius or higher for 30 minutes or longer.



APPENDIX D
SITE RESTRICTIONS FCOR LAND APPLIED WITH SEWAGE SLUDGE

The following site restrictions for land applied with sewage
sludge are taken from the 1latest USEPA Sludge Regulations
{Chapter 40 CFR Part 503) and apply to Class B sewage sludge:

(1) Food crops with harvested parts that touch the sewage
sludge/soil mixture and are totally above the land surface
shall not be harvested for 14 months after application of
sewage sludge.

(2) Food crops wita harvested parts below the surface of the
land shallnot be harvested for 20 months after application
of sewage sludge when the sewage sludge remains on the land
surface for four months or longer prior to incorporation
into the soil.

{3) Food crops with harvested parts below the surface of the
land shall not be harvested for 38 months after application
of sewage sludge when the sewage sludge remains on the land
for less than four months prior to incorporation into the
s0il.

(4} Food crops, feed crops, and fiber crops shall not be
harvested for 30 days after application of sewage sludge.

(5) Animals shall not be allowed to graze on the land for 30
days after application of sewage sludge.

{(6) Turf grown on land where sewage sludge is applied shall not
be harvested for one year after application cf the sewage
sludge when the harvested turf is placed on either land
with a high potential for public exposure or a lawn, unless
otherwise specified by the permitting authority.

{7) Public access to land with a high potential for public
exposure shall be restricted for one year after application
of sewage sludge.

{8) Public access to land with a low potential for public
exposure shall be restricted for 30 days after application
of sewage sludge.



APPENDIX E

"ENVIRONMENTAL SCOPING STATEMENT: UPGRADING AND EXPANSION OF

THE WASTEWATER STABILIZATION POND SYSTEM AT AS-SAMRA"

Transmitted by Engineering Science Inc. to the Secretary

General, Water Authority of Jordan,

27 April 199%2.



Consulting Engineering Center

CEC. (Sajdi & Partners)
gl e
(0SS S aGunl)

Jef 1057130
DEte 27704712352

The Secretary General

Water Authority of Jordan

Amman,

Jordan

Project : Upgrading and Expansion of the Wastewater

Stabilization Pond System at As-Samra

Subject : Transmittzl Of Final Scoping Statement

Dear 8ir,

Returned herewith is the Scoping Stztement mcd:iied to
incorporate the comments contained in Your letter. We have
incluied additicnal ma:terizl to answer vour comments 1.2 and 3.
Foam was already mentioned as zn issue of environmental concern.
Measures to mitigate zdverse impacts wilill be inciudec in the
"Environmental Assessment " which wil] be prepared &nc¢ :ncluded
in the Feasibility Report.

If yocu are satis:i:

¢d with the Sccpinc Stztement as mocdiilied,
please cirect & CoOBY =2 ie T

S S00nR &S FOSS:iD o USAID Zcr thelr

Teview,
Very Truly Yours,
- .
)A{/h&-—r{ "(‘
Richard Deussen
Frolect Manacer
c : USAID
C: rTiie
aD/rj
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ENVIRONMENTAL SCOPING STATEMENT

UPGRADING AND EXPANSION OF
THE WASTEWATER STABILIZATION POND SYSTEM

AT AS-SAMRA, JORDAN
(A.I.D. LETTER OF COMMITMENT NO. )

In conformance wilith the reguirements of 22 CFR Part 216,
"A.I.D. Environmental Procedures" as published :i:n the
red=2ral Reg:ister cI ¢ Jctober 1980, an Environmental Scoping

Session was held 1n the o¢oifices of the Water Autheritvy of
Jordan {(WAJ, Ministry of Irrigation and Water), Amman,

Jordan at 10:00 AM »n 23 Marcn 199Z.

The purpose of the meeting was to 1nitiate the process of
1dentifying significant lssues relating to the proposed
action and determining the scope of 1ssues to be addressed
in the Environmenztzl Assessment and desicn of the proposed

activity.

In order to assure adequate input from pertinent sources,
individuals having expertise and 1interests relevant to the
environmental aspects of the probosed actions were invited
by WAJ to attend and submit thelr concerns and interests.
In addition, representatives of the planning and design
consultants, Engineering-Sc:ence, Inc. (ES) of Pasadena,
California (USA)} in association with Consulting Engineering
Center {CEC) of Amman, Jordan were present to dilscuss the
scope and schedule of work for the project. The attendees

were as follows:

U.S.A.I.D.
Ministry of Water and Irrigaticn
Water Authority of Jordan
Jordan Valley Authority
Ministry of Planning (National Planning Council)
Ministry ofi Agriculture
Ministry of Health
Ministry of Municipal, Rural Ailairs and the EZnvironment
Ministry of Iadusiry, Trade, and Supp.l=2s
Ministrv of Energy and Mineral Resources
Natural Resources Author:ity
Ministry of Tourism and Ant:guitles
Amman Governorate
Zarqa Governorate
Villages of Ruseilfa, Sukhna, Hashimiyen,
Guiyesha, and Rhirbet es-Samra

L2

Abu Sall:h,

t
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Royal Scientific Society {(Chemical Department)
Amman Councill of Industry

Rovyal Scociety for Preservation of Nature
Amercian Center for Oriental Research
Consultants - ES and CEC

Those invited but not attending were as follows:

(None)

Those submitting written statements are indicated by =x

whether they attended or not.

As a result of these discussions and others, the
environmental concerns of potential significance have been
identified and are discussed as follows.

The meeting presesnted a brief review of the envirgnmental
effects of the existing system and its operation and the
anticipated eififects of the various delivery and treaiment
alternatives being considered. Discussions regarding these
aspects and others allowed a full presentation on the part
of the attendees as to their concerns, i1ssues, and
significance of efiects related to the environment.

AREAS OF ENVIRONMENTAL CONCERN

In the project area (Amman, Zarga, and As-Samra) and the
effluent-related areas of the Zarga basin, King Talal
Reservoir, and the Jordan Valley), the most significant
sectors of environmental concern were:

a} - Maintenance and protection of public health for
irrigators, rural cormunities, and irrigated crop

consumers. =

b} Protection of the surface water and irrigation
resources of the Zarga basin and the Jordan Valley.

c} Protection cof groundwater resources from contamination
by wastewater, sludge disposal and effluent especially
in the Wadi Dhuleil.

d) Improvement and minimizaticen of nuisances,
odors.,appearance and effluent color, and insects.

e) Improvement of water qualitv of the King Talal
Reservoir.

f Control and m:inimization of salts, boron, foam causing
chemicals, and metals 1in the efiluent

1J



g)

h)

i)

Protection and preservation of antiquities at Ain
Ghazal, along the wadis. and at the As-Samra site.

Conservation of water and power 1n deliverv and
treatment.

Reduction of risks of uncontreclled or acc:dental
by-passing, leakage, and release 0f raw sewage oOr
poorly-treated effluent.

Other areas of environmental concern but not presented in
the Scoping Session or of lesser concern related to the
exXxisting and future systems were:

a)

b)

c)

d)

Odors and nuisances from surface water in the Wadi
Dhuliel and wWadi Zarga.

Odors from water in the Wadies appear usuai.v after
storms and there does not appear to be any direct
relationship between the proposed project fac:lities
and odors and nuisances that appearer after siorms.
Those odors and nuisances existed before the existing

project was completed.
Conservation of resources.

Use of resources during construction 1s a regu.rement
of all construction. However, the use of wastewater
ponds will reduce the use of resources 1.e. cocncrete
and steel,that would be required 1n other twvpes of
treatment facilities.

Protection and improvement of biotic resources of the
Zarga basin. -

The Seil Zarga before the WSP was seriously limited as
an aguatic habitat by extremely low flows and poor
water quality. The discharge of effluent from the
existing WSP has no impact on fisheries as a commercial
or recreational activity as fish are non-existant in
the Sell Zarga. Any wildlife habitat in the area 15 a
result of the discharge from the WSP and the proposed
project will only enhance these habitats.

Mitigation and rehabilitation of areas distributed by
construction.

Az the prcpcsed s;_:\._..:_-;-,';:'_phon will rravel along zhe Seil
Zarqga, which is disturbed during every winter storm,
the rehabitation of areas after construction appear to

)



be of little concern. However, the pipeline must be
protected from erosion and dust, nocise, and traffic
disruption will be mitigated during construction.

e) Support for and avoidance of interference with existing
land uses.

The major land use of the area is farming using
effluent for irrigation. The area can be returned to
farming after construction with little interference and
1s of little significant concern.

REVIEW OF EFFECTS FROM THE EXISTING AND FUTURE SYSTEMS

The presentation at the scoplng session briefly reviewed the
effects of the ex:sting svstem on the environment and those
anticipated from the wvarious alternative concepts for
upgraded and expzindad delivery and treatment facilit:izs.

Existing Delivery Facilities

The existinc deliverv svystem has reduced risks of
uncontrolled¢ wastewater discharges and has eliminated
chronic adverse health and water guality conditions
along the Wadi Ain Ghazal and Wadi Zarga. At the same
time, the sewer/siphon delivary system has reduced
effluent stream flow 1n these same Wadis for
irrigation. Zonstruction of the delivery facilities
generated adverse effects from disturbance for both
adjacent residents and archaeological resources.

Existing Treatment Facilities

Construction of the existing ponds used large areas of
highly overgrazed grasslands and desert and perhaps
archaeological resources. Biota of the area has
recovered due to grazing exclusion and surface
irrigation, and the site generally provides a refuge
for many migratory and resident birds {several thousand
at times during the winter migration). Insects also
breed because cof the availablility of water and are a

nuisance.

Wastewater delivered to the treatment facilities
contain odorous gases which are released at the
headworks of the ponds and cause persistent and
significant odor complaints from the nearby
communities. Tha wastawater stabllization ponds have
been overwhelmed hvdraulically and organicaily and
generally are anaerobic and produce effluent with high
levels of ammonia and nitrogen, although parasitic eggs

1
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levels meet the requirements and fecal coliform and
filtered BODS5S approach or meet the original e:ifluent
limits. During the winter and high wet weather fiows,
treatment quality 1s further reduced and discharges do
not meet the design requirements, except with high
dosing of chlorine. Seepage from the ponds 1s minimal.
However, groundwater and surface water are affected by
the effluent discharge which carries dissolved solids
including boron, chlorides and trace elements. Indirect
effects include use of eifluent for farming along the
Seil Zarqa, which has increased the economic condition
of the area.

Future Delivery Alternatives

Four different delivery alternatives have been raviewed
for possible inclusion in the project. Concerns for
their general environmental efiects focus on 1) the
significant land related resources, rcheological and
construction disturbance, and ri:sk reducz:on ol
uncontrolled discharges involved in three alternan:
with parallel gravity sewer/siphons and 2} Zhe high
power consumptilion, conservation, and a higher r.si of
uncontrolled discharges of untreated wastewater :n the

one pumped alternative.

Future Treatment Alternatives

Wastewater ifreatment at As-Samra must be upgraded and
expanded to improve the effluent qualityvy being
discharged and to provide for the Increase 1n future
wastewater flows. Treatment should minimize losses of
water and other resources while protecting the local
and downstream environmental resources. Three general
alternatives 1involve: 1) expanded natural wastewater
stabilization ponds, 2) mechanical aeration at the
existing ponds, and 3) convention secondary activated
sludge facilities along with use of some of the
existing ponds. The expanded ponds using natural
wastewater ponds would have substantial and signiiicant
adverse construction impacts on land resources, would
dramatically 1ncrease potential evaporation and
generally increase the salt in any surface water
reaching King Talal Reservoilr. Conventional treatment
would drastically increase power consumption and
operational complexity and risk of upset and discharge
of poorly treated efiluent but would substantially
raduce totzl evaporation. The aerated pond alternat:ive
would require the use of all existing ponds and wculd
mainrain 2%15T1ng evaporation and woulid require
intermediatz power demands Zor aeration.
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Ability to Pavy

Balanced with the public health and environmental
considerations must bDe the practical consideration of
the ability ts pay and the social obligation of public
facilities. Existing and anticipated unit costs (JD per
treated volume or user served) for delivery and
treatment 1in the As-Samra system are and w:iil be lower
than any other wastewater delivery and treatment system
in Jordan.

APPROACH TO ENVIRONMENTAL ISSUES IN THE PROJECT REPORT

In accordance with the Terms ¢f Reference and scope of work
for this project, the following environmental evaluations
have been and will be prepared to support the environmental
and project planning/Zesign:

Environmental Assessment of existing fac:litles [par:

oI the Survevy Report)

Scoping Sess:cn and Statement (here:n)

Evaluation and ranking of conceptual alternatives (part

0oZ the Conceptual Study Report)

Environmental Assessment of the Proposed Project {part

0f the Feasib:lity Study Report)

Existing available data will be reviewed and analyzed during
preparation of the envircnmental assessment and the
following disciplines will be 1nvolved : Hydrcgeclogy,
Agronomy, Alr Quality, 3iclogy and Archeology.

Data and information will be or has been collected from many
agencies and organizations supplemented by numerous field
trips, surveys, and studies and by 1interviews and
discussions with speclalists. Qualitative judgements will
be supported by simple mathematical models and conceptual
and numerilc mass balances.

SCHEDULE AND DECISIONS

Studies for this project began in October, 1991 with the
evaluation of the existing As-Samra system facilities.
Following review of existing facilities and projection of
future requirements and water management obj)ectives,
conceptual alternatives were evaluated and ranked f{or their
environmental effects and these were 1integrated with the
overall review 27 1ilternatives. As par:t of the development
and review of conzeztual 2lternatives, the 3ccping Session
was held in March, 1992, Znvironmental assessment of the
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recommended alternative and approved project began in
February, 1992 and will be conciuded in May 1992 for
incorporation with the Fsasibility Study Report.
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Section 9 - " Environmental Assessment of the Project”
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Draft Feasability Study
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SECTION 9
ENVIRONMENTAL ASSESSMENT

The Environmental Assessment forms a section of the Feasibility Study Repont
and represents the final clement of the eavironmental review process starting with a
review of the eavironmental effects of the existing As-Samra WSP System from the
AGTP to the KTR (Survey Repon) and from developing the znvironmental ratings
of alternatives ( Conceptual Study Report). As pant of the Feasibility Study Report,
alternatives, the Approved Prcject, and various technical discussions of treatment
and delivery facilities and discharge requirements are presented in other scctions
and are not repeated herein,

9.1 PURPOSE AND NEED

The environmental assessment (EA) process has a central purpose of providing
an independent and full-disclosure evaluation of the effects of the proposed
upgrading and expansion of the WSP System upon the human and natural
environment.

The environmental studies [or this project began in October, 1991 with the
evaluation of the effects on the exssing As-Samra system. Conceptual alternatives
were evaluated and ranked for their emvirormental cffects and these were
integrated with an overall review of alternatives as part of the Conceptual Report.
The Scoping Session was held in March, 1992, Environmental assessment of the
recommended alternative and approved proieci began in February, 1992 and is
incorporated within the Feasibility Study Report.

9.1.1 Evaluation of Existing Facilities

Evaluation of the existing WSP system highiighted those effects created by the
existing system facilities and those that should be addressed by upgrading and
expanding existing facilities. This initial element of the EA process defined the
existing and most probable future effects and information regarding the magnitude

and trends of those effects.
9.12 Scoping Session and Statement

This element of the EA procsss provided a definition of what effects are
considered as sigruficant and insigruficant (or much less significant). A wide array of
interested and knowledgeable specialists anc representatives contributed several
concerns and issues and presented their estimation as to what is significant. These
contributions to the consultants assured them that they would rcceive local advice

9-1
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and dircction as to the major concerns of the public who will be most affected by the
construction and operation of the upgraded WSP facilitics.

9.13 Conceptual Evaluations

Conceptual alternatives for upgrading and expanding the WSP system were
developed to establish the ranking of environmental effects of the alternatives.

The recommended alternative included the best combination of environmental,
engineering, and financial considerations. Some elements of the project were
common to al] alternatives and were not included in environmental review process
or the integration with other aspects of the total project.

9.1.4 Feasibility Study Report

Once the Recommended Project was approved and more fully developed,
purposes of the EA process shified from a comparative evaluation to a more
dctailed evaluation of the approved project including the postions not originally
considered as they were common to all alternatives. This evaluation focuses on the
significant effects and development of suitable mitgation 1o reduce any adverse

effects.

92 COMPARISONS OF PROPOSED PROJECT AND ALTERNATIVES

The proposed project evolved from reviews and comparisons presented in the
Conceptual Study Report. During that phase of project development, primary focus
was on differences between alicrnatives which ali provided the same effluent quality
from the same influent charactenstics and alternative methods of delivering
wastewaler from the Amman and Zarqa arcas to the As-Samra arca as well as an
area some 10 - 15 km further North from the existing site. Since the wastewaters
and cffluent were identical, the related sludge production was similar, although
produced in somewhat different form. Deltailed differences were not included in the
comparisons nor were components which would be common to ail altcrnatives.

92.1 Major Altemnatives

Three general delivery and 1hree treatment alternatives were reviewed: 1)
pumped delivery, 2) gravity pipeline delivery, and 3) pumped and gravity pipeline
combination; a) "natural” stabilization pond treatment, b) acrated lagoons, and ¢}
conventional sccondary treatment plant using the activated sludge process (similar

to Ain Ghazal Treatment Plant).

Delivery Systems

The major delivery alternatives developed and reviewed, included: (1) pump
conveyance from AGTP and from Zarqa. and (2) gravity flow f[rom Ain Ghazal and
pumped from Zarqa.

Pumped systems reduce the land arcas and disturbances required for additional
Jong sewer/siphons or force muins. Increased pumping into a singic sewer/siphon
system increases the risks from damage to and levels of damage from a single

delivery system; no contingency is available and thus any maintenance must be
conducted while the system is in operation. Gravily systems require dedicated

9-2
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easements and large amounts of imported construction materials (pipe) although
they minimize long-term energy use (Except for that required 1o inject Zarqa flows
into the main sewer/siphon).

The recommended Project’s delivery facilities of a scparate parallel sewer/siphon
(cross-connected at AGTP and Zarqa) causes adverse effects related to land
resources, archaeological and short-term biotic impacts, construction resource use
in the areas of Ain Ghazal, Rusiefa, Zarqa, Sukhna, and Hashimiyeh. Long-term
use of the gravity flow system reduces the very high cost of energy use and reduces
the risks and magnitude of scwage spills to surface waler and the dependent

irrigation systems.
Treatment Systems

Three general types of trcatment methods for expansion were developed: (1)
“natural” wastewater stabilization ponds (similar to the existing system), (2)
conversion of the existing waste stabilization pond system to 2 mechanical aerated
Jagoon system, and (3) installation of a conventional sccondary treatment plant
along with using the remaining ponds. All three alternative treatment systems
achieve the same effluent discharge value. As in the delivery alternatives, the more
"natural”, non-mechanical systems require much larger land arcas than the existing
WSP site while the conventional facilities requires minimal land arcas but long-term
energy and resource use. Conversion of some ponds to mechanically aerated
lagoons requires little additionzl Jand and only moderate energy use. Similarly.
aeration provides moderate risk factors from possible failure of mechanical systerms,
because of the greater assimilative capacity of the waste stabilization pond svstem.

Disposal of Effluent and Solids

As indicated above, all delivery and treatment alternatives discharge identical
effluent to Wadi Dhuleil. De-nitrification is impractical and not required to mect
basic requirements for agricultural use and the downstream effects from the
discharge of effluent are virtually indistinguishable (especially below Sukhna and in
King Talal Reservoir). One improvement for the Wadi Dbuleil channel is a series
of cascades with a few small ponds to capture algac.

All treatment alternatives discharge sctticable and suspended solids into the
anaerobic ponds or primary clarifiers (activated sludge altermunive). Treatment
produces sludge which must be periodically, or continuously, removed and disposed
of at disposal sites. For all practical conditions, the sludges are sufficiently similar
that no significantly different process can be used for one and not the others and the
cventual disposal will be burial or land-filling.

2.2 Comparative Summary
In summary, the recommended Project can be evaluated as foilows:
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Paralle!l Gravity Delivery of Sewage

1. Provides contingency in case the existing delivery system is out of service.

2. Reduces the risk of cquipment failure (pumps) and discharge of untreated
sewage to surface waters,

3. Reduces long term energy requirements.

4, Increases the possibility of archaeologic site disturbances.
r n m - ra Si

1. Eliminates the need for site expansion and additional piping.

2. Uses available trained labor but requires a moderate increase in O&M costs
and efforts.

3. Requires long-term electric power use.

4. Thc upset risk for treatment and efflucnt quality is considered minimal.

5. Archaeological impacts are significantly mimmized.

923 Recommended Project

The four major components of the recommended project as they relate to the
environmental effects are discusscd below :

Ain Ghazal Preliminary Treatment Plant Site

The existing headworks (standby) and the new delivery facilities must be
improved and expanded to eliminate discharge of raw sewage to Wadi Ain Ghazal
and thence to Wadi Zarqa. Removal of debris and grit will protect the existing and
new delivery facilities from crosion and sctilement of solids. Rehabilitation of the
existing odor contral facilities wiil protect maintenance personnel and reduce

release of odorous gases to the atmosphere.
Ain'Ghazal - As-Samra Delivery Sewer/Siphon and Corridor

The cxisting delivery facilitics must_be expanded to climinate the possibility of
discharge of wastewater. Exist:ng and new facilities should make maximum use of
gravity systems in order to conscrve encrgy for long-distance transmission and to
reduce the potential for equipment malfunctions leading to the release of
wastewater.  Construction of new facilities must provide for recovery and
preservation of antiquities along the transportation corridor. Construction of new
facilitics must be intcgrated with existing land uses in order (o minimize
construction and long-term impacts to the environment.

Zarqa Pump Station and Sit2

The existing pump station rcquires cxpansion to assure complete control of
wastewater that would otherwise be  discharged directly to Wadi Zarqa.
Construction and future operztions must be conducted with regard to increasingly
urbanized surroundings and the nced to protect furming and wildlife areas ncar the
pump station and to be "good neighbors” with the nearby residents.
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As-Samra Wastewaler Stabilization Ponds and EfMucnt Disposal

Wastewater treatment at As-Samra must be upgraded and expanded 1o improve
the effluent quality being discharged from the ponds. In order to provide continuing
effluent quality, the upgraded system must provide for almost tripling the treatment
capacity. Treatment should minimize loss of water while protecting the local and
downstream environmental resources. Similarly, disposal of sludge should minimize
adverse effects upon the biotic resources of the area. Future development should
support other environmental programs of the Government of Jordan, c.g.,
"Greening of Jordan™.

Improvements of the efflucnt channel should reduce nuisance and odor
complaints and reduce channel infiltration losses of water to the local groundwater
tables.

93 AFFECTED ENVIRONMENT

Existing and proposed Project facilitics occur in six areas each with
distinguishable combinations of environmental and human conditions. Secondary
uses of effluent occur in two of these areas and along the remainder of the
downstream Scil Zarqa channel, KTR, and Jordan Valley irmigation areas.

93.1 Ain Ghazal

The Ain Ghazal site (AGTP) is an area enclosed by the concrete channel of
Wadi Ain Ghazal and the A:nman-Zarqa Highway, the major intersection of
Hashemite/King Abdullah, Nationa! 30, and National 70 roads, the Hijaz Railway
and the rocky cliffs below the Hamza area of Ain Ghazal district, and the Amman
Municipal Slaughter House. The site includes the original Ain Ghazal Treatment
Plant, the headworks and septage facilities in the westerly portion, and the relatively
undeveloped easterly portion. The cntire site ¢ontains many trces and is relatively
secluded from the general urban residenual areas on the ridges and industnal areas
to the southwest, except for the existing digesters which protrude some 20 meters

above existing grade.
932 Ruscifa

Northeast of the Ain Ghaza! site {downstream along Wadi Ain Ghazal), urban
devclopment ceases for about 5 km; the existing pipeline (and the future route) pass
along the irrigated foodplain of Wadi Ain Ghazal. At 4 k, downstream of the inlet
to the sewer/siphon, the Wadi Ain Ghazal joins the westerly lowing Wadi Zarbi
and from here the wadi is referred to as Wadi Zarqa. lrigated floodplains continue
to the Yeast Plant {north, left bank) adjacent to the older, abandoned phosphate
mining arecas, North of Ain Ghazal, the pipeline generally parallels the Hijaz
Railway and in some locations is directly adjacent to its right-of-wav. From the
beginning of the Wadi Zarqa, th: existing pipeline route continucs through the
developed areas of Ruseifa and Zarqa. The pipcline passes under local strects and
along the main road between Ruscifa and Zarqa. At numecrous points, industrial
and commercial development are close 10 the pipeline. Once the route reaches the
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Zarga Pump Station site, structural uses ar2 generally restricted to arcas above the
floodplain.

933 Zarqa Pump Station - Sukhna

This section extends northward from the Zarqa Pump Station (20,400 m from Ain
Ghazal) along the irrigated and culcvated valley floor of Wadi Zarqa
(approximately 400 m wide) for 2bout § km to the existing Emergency Pond,
northwest of Sukhna (near the confluence of Wadis Zarqa and Dhuleil and the new
Sukhna-Qunaiyeh road bridge). Some residential and commercial chicken farm
structures exist on higher terraces along the road and on the floodplzin. Residential
areas of Sukhna extend westward down to the road and to a limited extent on the
right bank of the floodplain.

93.4 Sukhna- Sallih

Between the Sukhna Road bridee, the edsting pipeline roulc tumms eastward and
passes along the southern (left) bank of th2 nzrrow Wadi Dhuleil valley with high
basalt bluffs. Some irrigation supports nar-ow fields on the lower valley floor of the
north bank. In the Sukhna, Wadi Said, anc Abu Sallih (village) arcas, some surface
water from the wadi channel is also lifted ;ore than 50 m to the plateau and high
terraces north of Sukhna, in the Wadi Sa:d valev, and at Abu Sallih. Above the
Sukhna Bridge, a second bridge connecis Sukhna with the smalier village of Abu
Sallih. A paper processing plant lies on the south side of the bridge and river, while
several chicken farms lie at the base and oz top of the north ¢nd of Jebel Bakiva (a
high basalt plateau berween Wadis Dhuiei! znd Said).

Abu Sallih includes cultivatcd farms and olive groves which extend up the Wadi
Abu Sallih for scveral kilomelters. A secorl rozd on the east of the village connects
with Hashimivebh (via National Road 11). Tais narrow vailey begins to expand along
the north (right) bank of Wadi Dhuizil Tom 2 point zround 1 km cast of the
Sukhna-Abu Sallih Bridge.

93.5 Hashimiych

The Hashimiyeh area lies west of A<:Szrz (3-6 km) and receives direct effects
from the existing WSP. Efflueni irrigzticz suopiv from the Wadi Dhuleil channel
supponis the entire zgriculturz] develormen: 2long the widened wadi vallcy
upstream of Abu Sailih. The main devele>ed commercial and residential arca lies
midway through the section and at the main road (Highway 20) and extends
eastward up onto the basalt platcau anc 10=aré the WSP. The Jordanian Petroleum
Refinery and Al Hussein Thermal Power S:ation iz 1 to 2 km south of Hashimiyeh.
Within the area, a few small commercz:l-indusirial enterprises include a pre-
fabricated concrete plant, a dairy (with sevzral Jeeclots), and several chicken farms.
Two steel fabricating plants exis: along ths main road to Mafraq and the secondary
road to Abu Sallih. Less than ten farm res:Zences iie along the floodplain and lower

LerTaces.
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9.3.6 Seil Zarga - KTR

Downstream of the confluence of Wadis Dhuleil and Zarqa, the Scil Zarqa
passes through a relatively narrow lower valley between terraces (30 - 80 m above
the valley floor). which continue upward on either side 10 divides. Several viliages
(e..g, Daugara) lie on the terraces and higher slopes, and Jerash is located about 4
km north of the Jerash Bridge, 35 km downstream of the WSP. Only the major
Amman-Jerash and Zarqa-Jerash roads bridge the Seil Zarqa above King Talal
Reservoir.. Irrigated farmland is limited to within 50 - 150 m of the channel,
although some olive orchards on the lower hill slopes may receive pumped water

from the channel.

The Wadi Jerash (35 km downstream of WSP) reccives discharge of treated
wastewater from the Jerash Wastcwater Treatment Plant and discharges to the Seil
Zarga. Seil Zarqa enters the KTR pool area about 45 km downstream of the WSP;
the pool extends for another 2 km in a narrow deep, flooded valley before
discharging from the King Talal Dam into the Jordan Valley arca (about 15 km

below the dam).
9.4 ENVIRONMENTAL EFFECTS OF THE RECOMMENDED PROJECT

Assessment of environmental effects involves the evaulation of the imponant
activities during construction and operations. The assessment assumes that the
Project will be implemented as designed in accordance with the drawings and
specifications and that contract provisions will be complied with. It also assumes
that the construcied facilitics will be operated in accordance with recommended
procedures and generallv acceptcd operating practices and will be provided with
adequate financial resources for normal operations and maintenance.

9.4.1 Impact Designation and Relationships
Impacts can be grouped into the general categories given below:
Direct - occurs within the corridor and at cach site of work and includes:
« Surface water flow and quality
+ Local groundwater quality and levels
« Pond and channel evaporation and seepage
« Disruption and disturbance of land uses
« Biota changes and loss of antiquities
Indirect - occurs bevond the aliument corridor route and actual sites of work and
includes:

« Construction noise, air pollution, tralffic congestion, and temporary
disturbance of the environment

« Land use and air quality
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« Pollution of the groundwater
» Evaporation
Secondary - side effects of the project which include:
« QOdors from the Wadi Dhuleil and Seil Zarga
o Levels and quality of the rural water supply
« Evaporation and non-point discharges of pollutants

Virtually all environmental effects can be avoided with sufficient economic
resources (c.g., treachless versus trenched construction for delivery systems). Some
effects, such as those on commonly available resources may not be suffiaently
significant (loss of limestone or basalt materials). Many other effects (once created)
may not be reversible e.g, loss of unique archaeological antiquities and

rare /endangered species.
The effects are summarized below as they are discussed in subsequent sections:
Significant Effects
« Surface water quality
» Construction
e Operations (Short Term)
« Groundwater qualhity
» Air quality
« Antiquities
« Biology
o Use of resources
» Land use
o Community Economy
o Health/Safety Risk
Less Sigmficant Effects
« Ground resources and geotechnical
» Operations (Long Term)

As indicated above, most, if not all, effects of the Project are included as
significant. During the Scoping Session and development of the proposed
alternatives, the direct and indircect effects of facilities covering 2 route of 40 km and
land areas of more than 300 ha and producing one of the mos: imponant products
in the Kingdom - water - were rcviewed. All are important to virtually all sectors of
the natral environment and human community of the arca. Criteria for importance

reflect the following: (1) the significance of the affected secter (health. water,
antiquities, and biota all being significant) (2) the reversibility of effects (signuificant
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if irrc_vcrsible), (3) the tvpe of project activities {construction, operations), (4) the
duration of effects, and  (5) the levels of directness (direct effects being more
significant).

9.42 Mitigation of Consequences

The following discussions of Project activities presume that no mitigation bas
been separately developed and approved (funded) for implementation either for
upgrading of the existing facilities nor for expansion of the As-Samra WSP system.,

Specific mitigation measurcs may be considered and included in the detailed
design of the facilities; the mitigation measures included in Section 9.5 herein may

be included in the detailed Project design.

9.43 Significant Effects

Significant effects have been summarized above and are developed in more
detail in the sections below. The consequences deal entirely with the adverse effects
of the Project activities on the natural environment and human communities and
resources in the Project area and those areas affecting by construction and
operations but are beyond the geographical limits of sites and routes. Many effects
are indirect and secondary and are beyond the specific jurisdiction and authority of
the WAJ but they result from the Project and would not occur without the Project.
The alternative facilities have been reviewed in the Conceptual Study Report and
summarized in the Section 9.3 herein.

Surface Water Flows and Quality
Environmental effects on surface water extend beyond the limits of the pipeline

route and sites of the work and are considered to include irrigation use of the
effluent from As-Samra WSP which flows to the King Talal Reservoir.

Desludging of existing anacrobic ponds, excavation {deepening) of existing ponds
and construction of new inlets and outlets within the WSP will require a partial loss
in treatment cfficiency during the period of construction. This will result in the

discharge of less-well treated effluent.

Levels of ammonia, sulfides, organie matter, and fecat bacteria are expected 1o
increase during construction since the present chlorination system can not meet the
demands of the present flows.

The expansion will treat sewage to climinate these adverse effects, Construction
sequencing of work will reduce these effects to insignificant levels and effluent will
be treated to a level to maintain and support downstream users and beneficial uses

of stream flows below As-Samra.  Effluent and stream water quality will be
improved over that at present and especially over that before the As-Samra WSP

System was implemented in 1935/86.

Effluent Irrigation

Increased volume and improved quality of cffluent will further encourage
irrigation along Wadi Dhuleil and Seil Zarqga. Without proper irrigation and
agricultural management, variouws indirect or secondary effects will arise including:
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» Increased fertilizer and pesticide use for agriculture and the subsiquent return
to surface water channels.

» Maintenance and increase of rural population growth, agricultural
intensification, and livestock rearing along Wadi Dhuleil and Seil Zarga
which in turn generates a greater demand for water supplies and thus more
wastewater.

Groundwater Quality
The effluent of As-Samra can enter the local groundwater through minor seepage

from the ponds, infiltration from the wadi channels , and through soil infiltration
from irrigation.

Based upon available information and field surveys, the following environmental
effects from effluent can be reasonably assumed:

e As-Samra ponds infiltrate muinor amounts of effluent into the local
groundwater tables

« Effluent in the Wadi Dhuleil channel infiltrates into the local groundwater
tables

« Immgation with effluent concentrates constituents in the soil

« Rural development has increased infiltration of pollutants into the local
groundwater and also results in overpumping of groundwater thus reducing
the groundwater ability to assinulate and dilute pollutants

Local groundwater quality in the area was seriously degraded in the 1970',
reaching 3000 mg/l TDS. The WSP Effluent contains much lower values of TDS
and thus can be considered to reduce (dilute) the groundwater TDS. Minor
seepage from the ponds can be cxpected, based on the performance of the existing
ponds. Groundwater quality, however, is being equally, or more affected by the
rapid expansion of abstraction, improperly operated wells, and surface
developments, which contribute seepage from irrigation, fecdlots, solid waste
disposal and cesspools. i

Chemical constituents in groundwater arise from those of water infiltrating into
the groundwater and those acquired during the process of infiitration. The major
groundwater constituents of concern are those which will interfere with common
rural uses for irrigation supplics including bacteria, sulfides, ammonia, iron, salt,
boron and heavy metals.

Virtuaily all well water quality data from WAJ and other sources demonstrate
increasing levels of contamination in the groundwater since the early 1970,
especially for salts (total dissolved solids, sodium, and chlorides in particular).
Where recorded, walter levels in the aquifers have decreased even before and after
operations of Ain Ghazal and As-Samra treatment facilities. Available data are
insufficient for any statistical znalyses to ascertain the relative contributions of
effluents from either Ain Ghazal Treatment Plant (1970 - 1985) for groundwater
along Wadi Zarga, or As-Samra WSP (1985 - 1991) for groundwater along Wadi

Dhuleil).
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WAJ influent/effluent records suggest that wastewater from the WSP is seeping
into the underlying soil and alluvium. Records indicate that on average over the last
SlX years; seepage rates were about 2400 cu m/d.

The generally rocky bottom of the Wadi As-Samra, Wadi Dhuleil, and Seil Zarga
would typically allow surface water in the channel to infiltrate the underlying valley
alluvium. No adequate data is available to document locations and quantities of
infiltration and exfiltration of groundwater along the wadi channels.

Effluent infiltration from the wadi channcls represents a highly vanable
coatribution, although its quality will greatly improve due to improved effluent
quality once the project has been implemented. Further contnbutions of improved
effluent should gradually dilute other contnbutions and may provide some
improvement to the alluvial groundwater wells adjacent to the channel.

Most farmers of the floodplain and terraces near the Wadi Dhuleil and Seil
Zarqa draw effluent from the channel throughout most years and especially during
the normal summer irrigation period. Cultivation generally uses either small plot or
row flood irrigation and som: dnp irmgation. Some cultivation still uses pumped
well irrigation or mixes well water with effluent drawn from the channel. Effluent
irmgation of previous dryland farming has increased surface infiltration of water not
directlv uscd by plants or lost as evaporation. If no infiltration occurs, salts would
rapidly increase in the root zone and kill poorly irrigated crops. Flood irrigation
using earthen ditches also has a very low cfiiciency, i.e. water infiltrated compared
to water uscd by the plants.

Existing and anticipated irrigation practices along Wadi Dhuleil and Seil Zarqa
may improve after further degracation causes significant impacts on the cash value
rerurn from irrigation. Irrigauon cffects using effluent from the expansion will not
difer significantly from those at present. Chronic salt leaching will persist much as
is the case now. Groundwater tables are generally small and isolated and the effects
o! chronic and accelerzted sz2it leaching from the soil may render some smaller

t23les virtually unuscable.

Irrigated farming along the Wadi Dhuleil and Seil Zarqa depends on effluent
diering the summer. Increased crop production and the cconomic benefits of the
crops have supported agricultural intensification, increased rural population growth,
and general improvement of rural economics and standards of living. These
“improvements” have increased demands on existing groundwatet sources.

Rural development in the Zargqa and Hashimiyeh areas have greatly accelerated
due to increased roadway access, piped potable water supplics, and general
economic improvement genetated from increased cash return from irrigated crops.
Dziry livestock, chicken and egg farms, increasing populations, and improving rural
lilzstvles all generate greater ¢emands for water from local groundwater sources for
irrigation and upon the piped water system supply for human consumption.

This same rural population also generate increased non-point sources of
wastewater and runoff from fezdlots, solid waste disposal sites and septic tanks and

cess pools.
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Air Quality

The residents of Hashimiyeh and othz:s in the vicinity have endured odor and
other sewage-related nuisance problems eover the last few years. Odor generation
must considered as a significant adver:: efect, no matier how short-term or
infrequent.

Maintenance of the anaerobic pond: will require desludging of the existing
anaerobic ponds from time to time. Slucge will require dewatering and drying on
large sites (Dabba Plains represent the only existing available lands). Various
methods of dewatering in-place using the existing ponds or in special drying beds
will expose the sludge to air and genera:e odor relcases of entrapped sulfide and
other gases. Past experience has democstrated that odorous gases from the As-
Samra area affect the residents of Hacaimiveh and future desludging will also
significantly affect the same residents. However, procedures and chemicals can be
use to mitigate and reduce the relcase of odorous gases.

Archacological Resources

Archaeological resources include both the antiquities or anifacts themselves and,
equally important, the context and arrangement of their prescrvation. Both
elements arc unique and losses are irrzstrievable once disturbed or removed.
Although the direct effects of constructon may be shori-term for the resources
themselves, losses to archeology and snicies of culture and perhaps tourism will
occur if antiquities are disturbed during construction which must be deemed as
significant effects.

Most citizens accept the significance of direct destruction of antiquities, but
continued expansion of irrigated agriazwure and conversion of floodplain and
terrace areas for cultivation, rural strucrerss, and livestock facilities further expands
and generates the long-term secondary efzcts of the covering, disturbing and loss of
antiquities. If no irrigation water was avzilable, land conversion would be much
reduced in these areas.

Archaeological resources are known zong most of the valley floors and many
higher terraces and plateau arcis in th: Ain Ghazal to Khirbet As-Samra area.
Direct effects of construction for the sewer/siphon, headworks at Ain Ghazal,
expansion of the Zarga Pump Station, L=e new anaerobic ponds, and any sludge
disposal facilities nearby will have a high >otential for encountering and destroying
significant archaeological resources. '

Indirect excavations for constructioz equipment access, pipe bedding and
materials, and local concrete aggregates may further expand the adverse effects of
construction on archaeological resource:. Because of the importance of proper
bedding materials for the pipeline, off-¢ize excavations for these materials could
generally occur along the Wadis Zarqa a=Z Dhuleil, where archaeological resources

are known or anticipated.
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Continuation of existing and future irrigation supply will generate secondary
detrimental effects as more irrigation and intensive farming and livestock rearing
occurs along Wadi Dhuleil and Seil Zarqa in arcas where archaeological resources
have the highest probabilities of occurring.

Increasing agricultural activities and rural intensification will cause excavations
and land surface disrurbance which may generate secondary losses of significant
archaeological remains and information along Wadi Dhuleil and Seil Zarqa. These
secondary effects are probably of greater significance than the more limited but
intense direct impacts of pipcline and pond excavations. The availability of
irrigation water is supponiing agricultural excavations, trenching, grading, and
leveling in the Sukhra area, while the new Sukhna-Qunaiya road along the north
(right) bank of Seil Zarqa (west from Sukhna) has been excavated across numerous
lerraces with improved access to irrigated fields and olive groves. Such secondary
activity may have destroyed or disturbed antiquitics.

Biotic Resources

Biotic resources of the Project sites and arcas differ markedly and have been
both improved and degraded by earlier construction and operation of the existing
facilities. In a similar manner, the Project activitics will generate a complex mixture
of benefits and detriments for the "natural biota” of the areas.

The Ain Ghazal Treatment Plant site contains many introduced trees, shrubs,
and grasses and generally provides a moderate to high value biotic habitat especially
for birds and other wildlife in an otherwise biotically-barren urban landscape.
Project activities at the site arc limited generally to the headworks area which is
generally disturbed and recently planted with young trecs. Demolition of above-
ground structures in the central and eastern parts of the sitc would generate
considerable disturbance which would be most significant dunng the fall-spring bird
migrations and over-wintering. Some cxisting trees will be removed which will
require replacement.

Land use conversion of "undeveloped and cleared” areas of the Ain Ghazal area
to industrial purposes would result ip indirect or sccondary adverse effects and
would reduce the avialable “safe-havens” for the remaining birds and other wildlife.

Direct, short-term effects of pipeline construction on biota arc well recognized
but generally very localized and shon-term. In general, the existing and anticipated
Project route will pass through already highly disturbed irrigation and urban areas
between Ain Ghazal and Zarga Pump Station where the existing biota has little or
no value. Bevond the Zarqa Pump Station, irrigation and over-grazing have left
only small areas of "natural” ripanan vegetation and associated wildlife. These
arcas represent low-value biota. These areas can and may be avoided or replanted

and represent only minor short-term effects.

Expansion of the Zarga Pump Station and associated pipeline-related
construction will desirov a few trees and shrubs around the existing facility. The
existing facilitv has provided a "safe-haven™ for birds in the rclatively barren urban
and desert area. Al:hough irrigaied fields provide some uscful habitats especially
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duning winter migrations, more protection is provided by the fenced enclosure of
the pump station. As at Ain Ghazal, the biotic value of the site and future impacts
have been created by the existing facility and its operation. Future construction wili
eventually provide the same habitat and protection but with a loss for several years.
Because of the temporary nature of construction, any effcct the resident and
migratory wildlife and "natural areas”, any losses of trees and shrubs and disturbance
by workers, equipment, and activities must be considered as minor.

As with the other Project sites, the existing site at As-Samra has proved a
relatively safe and undisturbed refuge for many thousands of birds during the fall-
spring migrations. Because of the greatly improved biotic value and the greater
importance assigned to it by the continued and expanding losses in the surrounding
areas, any future adverse effects from the Project activities assume even greater

significance.

Construction of the parallel sewer/siphon, headworks, three additional anaerobic
ponds, and other related facilities will have direct and significant adverse effects on
the biotic resources of the As-Samra site. Construction disturbance and direct
removal of vegetation will affect resident and migratory wildlife for ar least two

years.

A new sphere of potentially adverse effects will arise regarding sludge disposal.
Sludge disposal will require conversion of nearby land to drying or landfill areas.

Improved and increasing amounts of effluent will become available for npanan
imgation and indirectly lead to incrcased conversion of existing disturbed and
overgrazed areas and niparian vegetation. Increased rural development will also
increase the disturbance to resident and migratory birds and other wildlife.
Increased rural populations will promote increased grazing pressures on remaining
upland and vegetated habitats. As such, these increasing disturbance pressures
represent indirect and secondary effects upon the few existing significant biotic

resources.
Community Disturbance by Construction

The communities of Ruseifa, western Zarqa, Sukhna, and Hashimiyeh will be
subject 10 construction disturbance and disruption of community life, residences,
and transportation. Truck traffic will use existing congested streets and roads for
moving matenals and equipment to and from the sites of work. Truck traffic wiil
disrupt normal traffic, and generate considerable dust, exhaust fumes and noise,
especially in the congested areas of Ruseifa and Zarqa.

Construction of the sewer/siphon through the south-westerly portions of Zarqa
and eastern end of Ruseifa will interferc directly wath road use and generate
considerable local disturbance. Becausc of the limited road capacities between
Zarga and Amman, increased congestion on onc road will indirectly divert and
further congest the remaining roads. All traffic will have to travel through the
central commercial and residential area of Zarga in order to reach the route. Since
this route also lies along the main road from Zarqa to Jerash (and Syria) increased
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congestion during construction will generate, significant temporary disturbance
effects for these areas.

Construction Use of Resources

Construction of a major infrastruciure and supply of equipment for the WSP will
causc a large increase in the demand for construction materials and generate
considerable employment, income, and local revenue. In general this will benefit
many pcople in the Amman - Zarqa area, but unfortunately the construction
employment will be of relatively short duration.

Rapid increases in demand for unskilied and semi-skilled labor will increase
wage rates. Short-term increases in wages and commercial economic activitics will
stimulate local economic development. Such increases may not be sustained after
construction is completed and the rapid declines following construction are
detrimental, but expected.

Operational Use of Resources

Wastewater production is related to the conservation and reusc of the wastewater
arriving at As-Samra WSP and discharged to the Wadi Dhuleil-Seil Zarqa. Water
use and wastewater generation in Amman and Zarqa will increase, and as the
standards of living increase, residents will undoubtably increase their use of water
using appliances.

The proposed Project has been developed to maintain as much as possible the
existing water surface areas and thereby the total evaporation. Acration may
increase the water evaporation somewhat but evaporation should remain less than
20 percent of the average threughput of the WSP. At present, very few surface
coverings or chemical evaporazion inhibitors can be practically used for reducing
cvaporation from large surface water bodies and have not been included in the
proposed Project.

Additional water losses will occur along the Wadi Dhuleil and Seil Zarqa above
King Talal Reservoir due to continuation and expansion of agriculture. These losses
cannot be avoided without total disruption of existing irrigation which has been
developed over the past six years. Existing and continuing future uses of effluen for
irrigation and other local farming activities will contribute to the reduction of the
channel flow for downstream irrigation uses.

Conservation of the water from the As-Samra system requires programs (o
reduce industrial discharges without preire2iment streams and the management of
irrigation and eventually the lcaching and discharge of irrigation drainage water 1o
the Wadi Dhuleil and Seil Zarqa.

Proposed delivery and possible sludge disposal systems will increase the total
amount of land dedicated for infrastructure support. Because of the remote
location of treatment and sludge facilities, litile significant cffect will arise from
conversion of existing open arcas for infrastructure uses. The Ain Ghazal site and
the first half of the pipeline route lie in desircable and developing lands and
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dedization of the land to infrastructure support will constrain future land use along
the route.

Land acquisiion and use for infrastructure will remove usable land areas from
future availability and increase values of remaining lands in the general area. Land
use in the immediate vicinity of the existing and proposed sewer/siphons must be
controlled in order to avoid damage to the scwer/siphon. Land use between the
pipeline and the wadis will be of particular importance because of potential
erosional effects due to construction. Imposition of land use controls in the vicinity
of the sewer/siphons will limit existing owners’ use and thercfore the future land use
value of their properties. Some properties between the sewer/siphons and natural
land, use constraiats (wadi banks and steep slopes) will further reduce land
available for agricultural uses. The sewer/siphon routes through Ruseifa, Zarqa,
Sukhna, and Hashimiyeh will be most affecied by these infrastrucrural land

dedication and use restrictions.

The Project will use pravity to deliver over 200,000 cu m/d (avg. daily flow) of
wastewater in the year 2005 through a 39-km pipeline without pumping from

“Amman. Because of the location of Zarqa, more than 50,000 cu m/d mus: be

pumped into the pipeline which then flows by gravity siphon to As-Samra. The
Project treatment plant at the As-Samra WSP however, will use considerable (at
least in the winter) amounts of clectricity for the acration of wastewater.

The existing delivery systzm and hydraulic flow through the WSP make use of
about 100 m of elevation and do not use any direct energy. By such use, the cnergy
required to deliver well or surface water 1o Amman and Zarqa are conserved.
Conventional treatment alternatives would require large amounts of electric power
gencrated from the power station at Zarqa and commensurate use of imported oil.
These power uses are balznced against the use of agricultural lands and evaporative
losses from a wastewater stabilization sysiem.

Discharge of the effluent from WSP will increase the power generation through
the turbine at King Talal Dam.

Indirect e¢nergy consumption off the project site is also represented by the
imported aerators and other equipment which requires manufacturing and transport

to the site.

Other energy resources may be represented by chemical disinfection, and the
nutrient and soil conditiorinyg value of treatment by-products.

Use of greater volumes of liquid chlornne for chlorination creates adverse
resource conservation effects because of the farge amount of energy requirements
for its peneration and dclivery to the site.  Solar-biotic “natural™ disinfection
however, to treat the same volume would expand the size of maturation ponds and

lead to evaporation of large amounts of water.

For the local Jordanian resource base, importation of liquid chlorine and reduced
water losses may be a suitabie alternative to surface water importation.
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The current WSP effluent contzins abou: 30 mg/i of ammonia and oxidation to
aitrates along with organic removal or dezitriZcation will diminish the nutrient
value of the effluent and increase requiremznts of fertilizer usc for downstream
irrigation,

Increased use of resources gencrates reiated adverse effects in  other
environmental sectors: air pollution from oil-fuziled power generation in Zarqa-
Hashimiyeh basin, increased traffic and air polluetion for delivery of chlorine and
fertilizers, and health nsk from discharges of poorly disinfected effiuent if chlorine

1S not used. _
Economies, Lands, and Development

The Jordanian indusiries concentrate on light consiruction materials,
foods/beverages, and other light industrizs focusing on domestic and light
commercial products. Medium to heavy incustries are few and generally are not
capable of producing equipment required for safe and sustained operations of the
WSP System. A parallel sewer/siphon woulc require importation of about 39 km of
large diameter stecl pipe and accessory fistings which cannot be manufacturcd
locally. The aeration treatment alternative would require imported mechanical
aerators, supporting switch gear, and other clectro-mechanical equipment and
controls and contribute to dependency on foreign equipment, spares, and techrucal
assistance and reduces or inhibits developr2nt in the medium industries. Some
development in mechanical related industries may occur, because of the continuing
preventive maintenance which will be conduczd i~ Jordan.

The presence and operation of the existir; facilities at Ain Ghazal, Zarqa Pump
Siation, and WSP have reduced the adjaczzt lzad values and the possibility for
intensive land uses in these arcas. Iimproved senice at the facilitics may reduce the
adverse effects but continued prescnce will prooably continue the depression of
surrounding land values in conjunciion with 122 more significant effects of dedicated
land uses and land use restnictions.

Community Health, Safety Risks and Management

Improved treatment of the As-Semra e¢Xluent will produce beneficial health
effects for rural populations using the effient from the channel for irmipation.
Improved effluent quality will ailow untreatz2 non-point sources to have less eficct
due to the dilution and improved assimilative capacin of the siream.

Persistent improved quality of c:fluent, siream fiow, and irrigation water will
cause many to presume the safety of thz wzier and reduce aveidance and
precautions which are more normal for the zxisiing “identifizble” sewage effluent.
Since the efflucnt’s health-relzted quality S largels determined by mechanical
treatment and disinfection, penodic upsets a=d mzlfusctions may be expected in ai
npes of treatment plants and can expose downstream users 10 possible water-barne
diseases for which they will be urprepared.
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Catastrophic Risk and Management

Risk from major malfunctions will persist in any system with such long delivery
pipelines, mechanical equipment, and chemical disinfection facilities, although
upgrading and expansion will significantly reduce the risks compared to existing
conditions. Provision of a second scwer/siphon will increase the potential risk from
third-party damage, but its existence will improve maintenance capability for both
and reduce the risk from facility and equipment failures. Dependency upon
mechanica!l treatment systems and echemical disinfection will increase the risk and
significance of malfunction, although the great redunduncy of aerators and proper
redundent design for chlorination should reduce any increase in risk 1o an
insignifcant level.

The stabilization ponds provide some limited habitat for ducks and other floating
birds and some diving birds which feed on debris discharged in the first anaerobic
ponds. Many wading and shore birds make use of floating scum-layers and flotsum
stranded along the pond edgcs, while insect-feeding birds feed over all ponds but
especially over the scum-layers. Because of the relative isolation and low operating
activities, 2!l migratory birds can make use of and arc protccted in most areas of the
As-Samra site.

Although initially enclosed by a security fence, the fence has been opencd in
many areas and local residents make usc of the site for grazing and harvesting
forage for livestock. A morc immediate fence has been established to panially
restrict direct access 1o the ponds but it has little exclusion value,

Planting of several thousand trees have greatly improved the original overgrazed
habitats of the site. Secondary woodland habitats have been formed around the
penmeter and especially the westerly area of the site. Such planting and general
protection from hunting and severe overgrazing has greatly enhanced the biotic
value of the As-Samra site.

9.4.4 Less Significant Issues

Several environmental conditions will anse during the long-term operation of the
facilities which can be anticipated but do not cause significant detrnimental effects.

Ground Resources and Geoiechnical Constraints

The proposed Project will use relatively small amounts of cement, aggregate, and
sands dunng construction. Larger use will be for bedding matcrials for the sewer/
siphon and various concrete structures for the inleis/outlets at the ponds, pumping
station and headworks additions.

Land slippage and bank stability/crosion are a major concern for the routing of
the second sewer/siphon in relationship to the relatively narrow topographic
corridor and the presence and protection of the existing sewer/siphon. Additional
mecasures will be taken to avoid interference and damages from land slippage to
either the existing or Project sewer/siphoens.
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The Project area is seldom exposed to ¢arthquakes but damages have occurred 10
structures in Amman (e.g, 1927 earthquake). Major seismic epicenters ase
generally located to the west of Amman in the Jordan Vallcy and further west to the
Mediterranean coast. Structures will be designed in accordance with the required
dynamic loading for above and below ground structures. No additional adverse
effect is anticipated for the proposed Project or resulting from construction,
operations, or presence of the Project facilities.

Operation Disturbances

Operation of the proposed Project and the existing WSP system facilities will be
relatively isolated and secluded from general urban and public access. Odor
controls, lighting, and screening of the Ain Ghazal and Zarqa sites will reduce
disturbance below existing levels. Some traffic improvements for turning and
parking will be provided for Zarqa, especially for trucks hauling debris and grit.

Operation at As-Samra will generate some increase in activities and noise levels
from aerators and trucks. All activities will be at Icast 1000 m from any residential
or significant public access arcas. Traffic to the site will increase slightly but not
significantly. Most vehicular movement will be limited 1o the expanded site and
generally involve movement benween the anaerobic pond area and the sludge drying
and/or bunal areas. Truck deliveries of chemicals or debris and grit from Ain
Ghazal, Zarqa, and Hashimiych will be primarily responsible for traffic to the site.

Operational Air Quality and Meteorology

Operations of the upgraded and expanded ponds are expected to require: (1)
continuous odor contral at the AGTP and WSP hcadworks, (2) periodic (S 10 10
years) desludging of the anae:obic ponds, (3) aeration of wasicwaler during
treatment, and (4) increas- ed and improved chlorination. These activities may
contribute to some periodic rcicases, and/or infrequent accidental releases, of
malodorous gases which mav detrimemally affect local nearby residents.

Mechnanical acration will require a significantly greater use of power which wiil
increase the base load for generation at the power station at Zarqa. Since ihe
station uscs oil with a moderzte to high level of sulfur (> 2%) and has relatively
short stack, some local degradation of air quality nearby c¢an be expected in this
industrial area of Zarqa and in the residential areas of Hashimiych and Sukhna.

9.5  MITIGATION, MONITORING, AND CONTROLS

Mitigation measures are specific elements to be impiemented in a project that go
beyond normal construction and operations requirements in reducing or minimizing
adverse cffects of other project activitics (e.g., archacological monitoring and
recovery during trenching excavations). As such they will be included in the Project
Tender Documents and Operations and Maintenance Manuals. These measures
will be indicated in the following discussion.

Monitoring and controls are generally proposed to assurc that (1) levels of
anticipated effects are not cxceeded without further mitigation, (2) implemenied
mitigation measures are in fac: fully implemented and provide adequate mitigation
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to achieve the anticipated overzll reduction in significant effects, and  (3)
addinonal measures are implemexted when either unknown cffects are encountered

or anticipated effects are exceeded,
9.5.1 Construction

Construction mitigation measures bave been well developed for most projects
and are generally accepted within the design, procurement and construction
activities. These typical measures are summarized below and must be incorporated
in specifications and tender dociments in order to have any direct enforcement.
Construction inspection must also be managed in order to assure enforcement of the
controls provided in the construction tender documents.

Archaeclogical Resources

Mitigation for disturbance and loss of archacological and historic resources
(antiquities) has been applied in Jordan (even the King Talal Reservoir construction
involved archaeological mitigation ia the 1960s). Standard mitigation should

include:
» Surface surveys of all excavziion and grading arcas prior 10 construction.

» Trial excavations on significant sii2s and arcas located by surveys within
access and earthwork areas.

« Complete archaeological :zcoven for significant areas which are 10 be
excavated or graded.

+ Sterile cover of remaining significent remains adjacent o but not within
excavation areas

« Onsite monitoring of il ¢cuipment excavation and training of supervisory
staff for monitoring of hanc exczvations, during construction.

« If significant sites are t¢ -= excavzicd. the trench or structural excavation
should be manually cxcavzied through the site prior to construction in the
area

« Onsite conservation and presenvaion of remains for future transport and
handling.

« If earthwork and archacclezical resources are significant and extensive, eariy

surface surveys and testing can czlireate arcas and allow for  realignments
or relocations in order 10 mirimize construction time delays for salvage

excavations of the resource:

Construction Disturbance

Mitigation and compensatior. for corstruction disturbance generally involves
improved management of activizes, scheduling, and some dircct equipment and
other controls. These include:

Timing of Construction. -- Sez:onz. 27J nizht-time scheduling of work to allow
maximum activity in those arcas well serarazzd from residences and public area.
Reducing night-time activitics in zreas 2¢:zcen: to or within 100 m of residences and
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public arcas. Scasonal effects can be reduced by timiing construction in agricultural
arcas to periods after harvesting and before planting.

Equipment Restrictions -- Equipment should be muffled or enclosed or located
in such positions so as to reduce or minimize noise, vibration, and exhaust from
affecting nearby residences, institutions, and public arcas. If muffling is not
practical, then construction should only allow use of low-noise equipment withio 200
m of residences.

Traffic Control — When many deliveries are involved (i.e. imported pipe), traffic
controls on routes, off-site holding areas, scheduling, and stacking of vehicles
should be required to reduce disturbance to traffic and residents along the haul
routes. Traffic direction may require flagmen and additionai traffic officers at major
impacted intersections. It may be desinable to develop and, require compliance
with, specific routings and schedules in the Ruseifa, Zarga, Sukhna, and Hashimiyeh
areas and provide traffic control personnel at major intersections.

Dust, Rubble, Debris, and Sludge Control and Cleanup. - Contracts should have
standard conditions regarding maintaining of the construction sites in an clean, safe,
and orderly condition, but they should also include direct specifications and bid
items for watering of site and access routes; rubble/debris and sludge removal,
covering of loads during transpert to/from the sites; control of drainage and runoff;
cleaning equipment before entry to ashalted public strects/roads; and remediation
of runoff sediment, debris and mud which leaves the sites of work and cause a pubiic
or environmental nuisance.

Protection of Wadis -- Sirnce major pipcline construction will be adjacent to or
crossing existing wadis which may have high winter-time flows, provision must be
included to eliminate sources of eroded soils and debris or transport to the wad:
channels. Between November 15 and April 15, construction should require surface
runoff controls {or drainage and runoff.

Biotic Resources

Tree planting should commence as onc of the first items of work and should
concentrate at the Ain Ghazal sitc, Zarga Pump Station, and around the hcadworks
area. Within the As-Samra arez, all fencing for the existing site, new fencing around
the new facilities and new fencing for any sludge disposal arca should also be
established as a first item of work. Al grazing, foragé gathering, and soil tilling
should cease on the existing As-Samra site. Such exclusion should continue for at
least three and if possible, five years. Once grasses, herbs, and young shrubs have
re-established themselves, limited grazing can be established on specific test plots,
and limited tilling can be concentrated beneath the canopy areas of the olive trecs.

Other biotic mitigation and compensatory measurcs arc included below for
longer term mitigation.
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9.5.2 Mitigation for Long-Term Opcrations
Air Quality

Opcrations will cause some adverse effects due to maintenance of the anaerobic
ponds (desludging). Odors from the operation can be overcome by recirculating
acrobic water, performing work when the wind is away from necarby residential areas

or by masking the odor.

Surface Water Quality

Longer-term water quality improvements must focus on improving the influent
wastewalter quality delivered to WSP. A major WAJ program must be undertaken
to control sources of high strength salts and boron. These are essentially unaffected
by the wastewater treatment process. Industries must pre-treat prior to discharge
and have redundent features if a unit must be taken out of service for mainienance.
In part, this is susbtantially an cnforcement program, since regulatory compliance
alone is not sufficient to reducc influent salts.

Wadi Dhuleil Improvements

Residents of Wadi Dhuleil have been adversely and significantly affected by the
WSP. However, they have also reccived considerable economic benefit from
improved and continuous irrigation supplies.

Initial review of alternative Wadi Dhuleil channel improvements indicated that
costs were very high for relauvely limited beneficial cffects.  The evaluated

improvements, however, provided for a concreie channel.  The following
improvements would provide sigaificant benefits to the local residents.

« Establish a defined channcl routing, and

« Develop a low-flow channz!| alignment, and excavaie and grade the alignment
to contain low flows. Provide minimal surface controls of the channel such as
gabions and riprap.

« Provide a piped water supply and scwer system to residents from Sukhna to
Hashimiych who do not presently have those services.

« Provide improved irrigaticn management training services to irrigators along
Wadi Dhuleil valley.
King Talal Reservoir- Surfiice Water Resources

The King Talal Reservoir is an irrigation and power generation storage resesvoir,
although attempts have been considered to usc it for recrcation and fisheries. These
uses arc totally inappropriatec because of its location and configuration and
consequently no mitigation is proposed related to any activitics or uses.

Local Groundwater Quality and Volume

All water discharged from As-Samra is dedicated for irrigation purposes in the
Jordan Valley. No formal diversion of waiter for local groundwater recharge has
been anticipaled. Improved cffluent water quality from As-Sanira WSP will have
little beneficial effect upon the downstream groundwater t2blcs.
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Monitoring of WSP process flows and local groundwater levels will provide
information regarding which ponds are sceping the most and some specific seepage
controls could be initiated once the seepage has been localized.

Biotic Resources

The proposed Project will intensify activities and convert some “improved™ and
rehabilitated natural biotic areas for ponds and sludge disposal. These effects
rcquire both short- and longer-term mitigation. Generally, measures would involve
the following:

« Reslore exsting fencing and exclude grazing and harvesting of vegetation for
a minimium of three years and then control grazing according 1o a range
management program suited to the seeding requirements demonstrated
during the three-year exclusion period

» Acquire and protect large (500 ha) upland areas adjacent 1o WSP for future
sludge disposal areas and allow the "natural” recovery of upland vegetation
(grassland steppe) by preventing grazing.

+ Provide a perennial source of water of approximately 1000 cu m/d for
marshland development along the eastern portions of the Wadi As-Samra

watershed.

The potential evaporation and bottom seepage represents about 4,000 cu m/d
depending on the season. This water loss should be reduced although it cannot be
climinated. During desludging and pond restoration and upgrading and for any new
ponds, bottom seepage must be reduced by placing a clay or other impervious lining.

Although desludging will occur during the construction period of the Project,
desludging forms an integral part of the long-term operations of the WSP system.
Sludge and efflucnt are the major products of wastcwater stabilization, and sludge
will be generated in large quantities. After proper handling and treatment, the
sludge may be used for soil amcndments such as an organic conditioner which is
nceded by most Jordanian soils. Because of the high costs for transport, the lack of
nitrogen fenilizer value, and the tillage requirecments, sludge may bhave (o be
distributed free to the farmers cast of the WSP (Khirbet As-Samira Village area)
and along Wadi Dhuleil/Seil Zarqa in order to recover any value for the land.
However the sludge should ke first tested to determine that no harmful cffects will
occur.

A short-term measure of the Project could demonstrate the "land-farming” of
sludges within the WSP site or on adjacent areas (e.g., Dabba Plains to the east). If
sufficient long-term interest and dedication were evidenced, a sludge conveyance
pipeline and filling facility could be developed in the Khirbet As-Samra and Dabba
Plains area. Such use would mitigate the adversc cffects for resource conscrvation
and other environmental scctors arising from land il disposal of the sludge.

Fisheries - Long-term urproved treatment and cffluent allows for somc
beneficial and mitigation through aquacuiture with fishcries. Introduction of fish
can provide some reduction of suspended solids when properly harvested.
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Maintenance of a standing fish crop assures that water quality should be acceptable
for general downstream uses.

Generally the fish could not be used for direct human consumption, but it could
be processed for livestock (chicken and cattie) fecd or even as fertilizer in the local
area.

Risk Management and Emergency Response

An immediate and long-term consequence of the existing and proposed delivery
system involves the risk of accidental release of untreated wastewater. Time risk
must be reduced to the maximum extent possible.

A flow monitoring system capable of detecting Icaks can be used to identify when
a leak is occurring. Once a spill has been detected, a spill response plan, staff, and
equipment must be available and set in motion immediately. An immediate
measure would be 1o notify the affected residents and agencies and the actions
required of them. Following control of the leak, a remedial action plan must be
initiated for clean-up and to provide a longer-term evaluation of what caused the
leak and how similar conditions can be controlled.

9.6 LIST OF PREPARERS
The following persons worked on/or reviewed the Environmental Assessment :

« Dr. C. Thomas Williams, an environmental specialist, who has over 20 years
experience in the preparation of environmental impact rcports,
environmental assessments and other cnvironmental reports to mect both
CEQA and NEPA requirements both in the USA and overseas.

+ Mr. Philip N. Storrs, Chicf{ of Environmental Studics, with over 22 years
experience in technical supervision and dircction of multidisciplinary
environmental studies.

« Mr. Richard R. Deussen, Project Manager, who has over 30 years experience
in managing large study and design projects with environmental concerns both
in the USA and overseas. -

« Mr. Ali Mobadda Al-Lanadi, Geologist and Hydrogcologist, with over 15
years experience in peology and hydrology wuh the Natural Rcsources
Authonity and a private censulting firms.

« Mr. Samir Maher, Agronomist, has over 15 ycars expcnence in Crop
management and irrigation methods.

» Ms. Elvira V. Gaddi, Senior Environmental Enginecr, with 12 years
experience in air quality and environmenlai report preparation.
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