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should provide sufficient capacity until sometime in the
1990's, when the population nears 60,000. Total estimated
project cost is $15.5 million. The project represents the
first in a series of planned investment phases which, when
completed, will provide wastewater services to an ultimate
Agaba population of 82,000. The Project will include the
following three major elements:

a. Installation of a sewage collection system serving
all developed areas of the City of Agaba. While largely
involving new construction, where practicable the new
collection system will incorporate parts of the limited
existing collection network, which will be upgraded to the
standards of the new system;

b. Construction of a sewage treatment plant designed to
provide secondary treatment of up to 9,000 cubic metres of raw
sewage per day, and

c. Installation of an irrigation system to use effluent
from the treatment plant to irrigate a belt of trees hetween
the treatment plant site and Aqgaba and for commercial farming
when a sufficient amount of effluent becomes available.

Design of the wastewater facilities has been based on
increased water availabilities to Agaba, to be provided by
$42.5 million water supply and distribution project.
Construction of the water project began in mid-1979 and
-completion is scheduled for early-. to mid-1981. (The basic
project description remains essentially unchanged; only the
location of the treatment plant and the methods of treatment
and irrigation are changed). o

6. Summary Findings:

a. Technical: Revised feasibility studies completed in
June 1980 indicate that the proposed changes in treatment plant
location, treatment method and ancillary facilities will
provide wastewater services in Agaba in a manner at least as
sound technically as the scheme originally proposed. 1Indeed,
the revised scheme is judged to be more sound technically in
that it will provide the same quantity and quality of services
as the original proposal at a lower operating cost since it
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SUMMARY AND RECOMMENOATIONS

l. Backqround:

In August 1979 AID approved a loan from FY-1979 funds to
assist in funding materials and construction services for the
facilities necessary to provide a sewage collection system, a
sewage treatment plant and an effluent irrigation system under
the Agaba Wastewater Project. The Loan Agreement was signed
between AID and the Hashemite Kingdom of Jordan on August 30,
1979. After the loan was signed and initial implementation
actions were underway, the Jordanian Government decided to
review the location of the sewage treatment plant and the
method of treatment to be employed under the Project. This
review convinced senior officials that moving the proposed
treatment plant location and changing the method of treatment
would lead to significant long term cost savings, particularly
operation and maintenance costs, while affecting the
environment in ways which, overall, can be judged to be
beneficial in comparison with the previous plans. This report
reviews the background of the proposed changes, details the
proposed changes themselves and provides an updated analysis of
the Project in the context of the changes.

2. Borrower:

The Borrower is the Government of the Hashemite Kingdom
of Jordan which will make the proceeds available to the
Implementing Agency, the Water Supply Corporation (no change).

3, The Loan Amount:

$ 7,500,000 (no change).

4, Loan Terms:

The Loan will be repayable over a period of 40 years,
including a l0-year grace period, with interest at 2% during
the grace period and 3% thereafter (no change).

5. Description of the Project:

The proposed project will provide wastewater (sewage)
collection and treatment facilities for the City of Agaba which



will have less electrical and mechanical equipment and will be
simpler to operate and maintain. 1In the original studies, the
Consultants proposed an elaborate project for the irrigation of
parks and ornamental greenery in downtown Agaba. In the
revised project the effiuent from the wadi Araba site will be
used initially to irrigate trees to form a green belt between
the treatment plant and Agaba and the balance, as it becomes
available, will be used for commercial farming, according to a
scheme that will be developed by the Ministry of Agriculture.

b. Financial Analysis: The revised project provides a
significant reduction In the financial costs of providing
wastewater services. This reduction results from operating
costs (particularly for energy) and easier long term financial
terms of the relending agreement than were originally
contemplated.

The basic conclusion of the Project Paper that the
Project would be affordable to the "average resident of the
city" can thus be expanded to state that the revised project
should be affordable to most residents of Agaba.

c. Economic Analysis: The Project Paper represented
the then-existing least-cost solution to the provision of
wastewaater services in Aqaba, given the constraints on the
treatment plant location. The Project Committee believes that
the revised Project now represents the single least-cost
solution for the provision of wastewater services in Aqaba.

- d. Social Anaiysis: Remains unchange. from original
Project Paper. :

e. Environmental Consirerations: The proposed changes
in the Project have both positive and negative consequences for
the overall environmental assessment of the project. But,
because the positive consequences are certain while the
negative consequences represent only possibilities-and easily
controlled ones at that-on balance the changes are judged to be
positive. The positive consequences include the elimination of
the need ever to dispose of effluent in the Gulf and a
reduction by half of the amount of sewage which must be
disposed of there during power outages (because half the sewage
in the revised project will flow to the plant by gravity and




will not need pumping.) The possible negative consequences are
two: (i) enchanced risk of odor nuisance in Agaba and (ii)
increased chances for the breeding of noxious linsects
(particularly mosquitos) and snails. As indicated earlier, all
of the possible negative consequences can be controlled
relatively easily (see Section III.E below).

7. Statutory Checklist:

Unchanged -- See Annex G of original Project Paper.

8. AID Funding Saqurce:

Unchanged - Economic Support Fund, FY 1979.

9. Mission's Views:

The USAID Mission supports the proposed Project changes
fully because they will lead to an overall better project at
significantly reduced costs.

10. Issues:
There are no issues.

11, The revised Project will accomplish the same purpose and
make the same contribution to the project goal as the original
project. It is technically 'sound and is not as expensive or
difficult to operate and maintain as the originally proposed
project. No addition conditions precedent or covenants are
required. However, because of the change in location and type
of wastewater treatment, the irrigation system for use of the
effluent will not be required for several years and will not be
as complicated as proposed in the original Project. )

We recommend:

a. That the Project Description, Annex 1 to the Loan
Agreement be amended by implementation letter. (See Annex N).

b. That in fulfillment of Condition Precedent, Section
5.1(q), be met by a statement from the GOJ that the irrigation
system will not be required until sufficient effluent becomes
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available and that when it can be predicted that effluent will
be avallable the necessary system will be constructed
recognizing that Special Covenant 6.4 appropriately covers the
GOJ commitment to effectively use the effluent.

c. That the terminal date for meeting Condition
Precedent, Section 5.1(g) be extended to January 31, 198l.

d. That the Project Assistance Completion Date (PACD),
Section 3.3(a) of the Loan Agreement, be extended to
December 31, 1983.



I. BACKGROUND OF REVISED PROJECT

A. Introduction

The purpose of this review of revisions to the Aqaba
wastewater Project (278-0206) is to describe and analyze
proposed changes in the sewage collection and treatment
facilities which were previously approved for AID financing in
August 1979 on the basis of the Project Paper submitted in July
1979. The proposed changes include (i) moving the location of
the treatment plant from Wadi Jushiya south of Aqaba to Wadi
Araba north of the city; (ii) changing the treatment method
from the "oxidation ditch" (or "extended aeration") process
(planned for the wadi Jushiya location) to the "waste
stabilization pond" process (to be used in the wadi Araba
location); (1ii) discarding plans for use of the sewage
effluent for irrigation in the City of Agaba and instead
providing facilities for use of the effluent,K for tree belts and
commercial agriculture in the Wadi Araba; and (iv) making
necessary changes in the layout of the sewage collection system
to accommodate the new location of the treatment plant.

The basic intent of the proposed changes is to provide
the same sewage treatment services -- in terms of both quality
and quantity -- as previously contemplated, but at reduced
annual operating costs (particularly for energy).

Essentially, much of the analysis in the Project Paper is
still applicable to the present proposal. Thus, this report
deals only with those sections of the original analysis which
have been significantly affected by the proposed changes. In
each case when a section in the following analysis is meant to
replace or to modify significantly a section in the Project
Paper as a result of the proposed changes in Project design, a
notation in parenthesis citing section and page number in the
Project Paper will following the section heading.

8. Background & Current Status of Proposed Project Changes:

At the time of the original comprehensive feasibility
studies for the Agaba Wastewater Project, the consultants,
Howard Humphreys and Sons of the United Kingdom, and the
Jordanian engineering firm, Arabtech, considered some ten



different schemes for the treatment plant involving seven
different sites in and around Agaba. The previously proposed
scheme of locating the treatment plant in wadi Jushiya south of
Agaba, as described and analyzed in the original AID Project
Paper, was chosen by the Consultants over two other schemes
known to be cheaper, after extensive conversations with all
involved Jordanian organizations indicated to the consultants
that the Jordanian Government's primary goal with regard to thA
sewage treatment scheme was to reduce the risks of
environmental pollution in Agaba to a minimum, even if -
achievement of this goal would entail increased costs.

The two alternative schemes found to be cheaper during
the original feasibility study were (i) extended aeration
treatment at the site of the exlsting primary treatment plant
in the port area and (Site 1 on Figure II, Page 7a)

(11i) treatment in waste stabilization ponds at a site about 4
kilometers north of Aqaba in the Wadi Araba (Site 3 on Figure
II Page 7 a). The scheme for a plant at the site of the
existing plant was rejected because it would interfere with
on-going extension of the port facilities. The Wadi Araba -
scheme was rejected because responsible Jordanian officials
indicated to the consultants that the Government desired to
eliminate completely any risk that the prevailing northerly
winds in Agaba would blow objectionable odors from the plant
into the city, particularly the tourist areas and the Royal
Palace, which are almost directly south of the Wadi Araba
location.

Changes in the Government of Jordan at the end of 19795
and in the administration of the implementing agency for the
Agaba wWastewater Project, the Water Supply Corporation, brought
with them a change in philosophy with regard to the amount of
risk of odor pollution which would be acceptable in Agaba. -
Accordingly, in early 1980 the new Director General of the WSC
ordered a review of the location decision for the sewage
treatment plant at Aqaba and this was completed by the
Consultants in March (See Annex M),

The Consulant's basic finding after this review was that
the proposed change of location of the sewage treatment plant
and method of treatment, i.e., waste stabilization ponds, would
entail somewhat greater risk of odor pollution, but would be
substantially cheaper to operate. Other major advantages of
the currently proposed scheme, in addition to cheaper
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operation, include the need for much less mechanical equipment
and less sophistication in the equipment which 1s employed,
both of which will make the wadi Araba plant technically
simpler to operate and easier to maintain than the Wadi Jushiya
plant. The major disadvantage associated with the Wadi Araba
scheme 1s a delay in the startup of sewage treatment cervices
by about one year. A full comparison of the advantages and
disadavantages of the Wadi Araba and Wadi Ji'shiya schemes is
found in Section II1.D0 under "Project Description" below.

After weighing the advantages and disadvantages of the
two schemes in question and particularly after noting that in
their opinion the greater odor pollution risks entailed in the
Wadi Araba scheme would be minimal, given the relatively great
distance between the treatment plant and the closest
habitation, the consultants concluded that "serious
consideration should be given to relocating the treatment works
at the Northern (Wadi Araba) Site and redesigning the sewage
scheme accordingly". After studying the review findings, the
WSC aordered the cansultants to revise the feasibility study and
preliminary design to effect the proposed relocation of the
treatment plant to the wadi Araba site. Appropriate revision
involved essentially a rewriting of Chapter 10, "Proposed
Scheme," and Chapter 11, "Stage I Project" of Volume 2 of the
consultants' "Agaba Water Distribution and Sewerage”" report.
This rewriting has been completed in draft and reviewed and
approved by the WSC and USAID and will be provided to AID/W
when printed in final form.

In the previous scheme for a treatment plant in wadi
Jushiya, the consultants planned to issue two tenders for the
Wastewater project, one for Civil Works and one for Electrical
and Mechanical Components (E & M). At the time of the WSC
decision to reconsider the location of the treatment plant
(early 1980), WSC had already invited pre-qualification data
from interested contractors (December 1979) and the consultants
were well into final preparation of the required bid
documents. Because of the relatively small E & M elements
required for the now-proposed waste stabilization ponds, the
consultants have decided to include all elements of the
Wastewaster Project facilities in one contract. Because of this
decision, the previously received prequalification
questionnaires will not be considered and an invitation for new
prequalification questionnaires have been issued.



c. curcent Status of Agaba Water Supply Project (Supplements
Sectlon 1.C. beginning on Page 9 of original PP)

As of the end of July 1980, the project to supply water
to Aqaba from a well field at Qa Oisi is on the schedule
predicted on page ll of the Project Paper, l.e., completion in
the first half of 198l. WSC confidently believes that progress
on all contracts is sufficient to allow it to provide water to
the fe,Lilizer plant by the time it is scheduled to start in
February 198l. Delays encountered by the contractor for the
distripution system might push its completion back from the
originally scheduled early-1981 to mid-1981 or so, but based on
progress to date, it is likely than the water supply project
contracts will be completed by that time.
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11. REVISED PROJECT DESCRIPTION

A. Introductian:

Examination of the work done to date on the revised
scheme for the Agaba wastewater project lndicates that the
consultants are following the same "conservative" (in the sgense
of "safe") design philosophy and design parameters as they
employed during design of the original scheme (these are as sat
out in the last paragraph of Section II.C -- on page l6 ~- of
the criginal Project Paper). Thus, the consultants bellieve
that, as was the case with the original faclilitles, the
redesigned Stage I faclilities should provide adequate capacity
for the City of Agaba until sometime between 1990 and 2000. As
noted earlier, the revised treatment scheme should provide
.quivalent treatment services -- in terms of both quallty and
quantity -- as the original scheme. Finally, again as with the
original plans, wherever warranted in the revised plans the |,
consultants are including facilities in Stage I plans which
will not be used until full expansion to the Stage II capacity
has been completed but which will be more economical to
construct now with the Stage I facilities than later with the
Stage II facilitles.

B. Proposed Project
{Replaces sectlon 1I.C, beginning page 15, and Annex B of
original PP).

The proposed revised Agaba Wastewater Project will have
three principal elements, a sewage collection system, a sewage
treatment plant and an irrigation system. Following is a
description of the major components of these elements. Figure
II, on page 7a, provides a basic schematic overview of the
revised project. (A useful companion to Figure II which will
provide some idea of the elevations cited in the discussion
below is Figure I.B. "GENERAL MAP OF AQABA," found on page 6
of the Original PP.). ‘

8.1. Treatment Plant

The treatment plant will be located at Site 3 (see
Figure II) in the broad, mostly flat Wadi Araba (which is part
of the Great Rift depression forming the Jordan valley north of
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the Dead Sea). The treatment plant location is adjacent to the
cease-fire line and about 4 kilometres from the Gulf of Agaba
and it has an average elevation of about 20 metres.

The treatment plant will utilize the waste
stablilization pond process to provide secondary treatment of up
to 9,000 cubic metres of raw sewage pur day. The heart of the
treatment plant will be a dual series of "facultative" and
"maturation" ponds which are large, shallow (1.5 metres deep)
ponds in which the incoming raw sewage will be stabilized by
the natural processess of algae production by photosynthesis
and bacterial "digestion", Also included in the treatment
plant design will be (a) a serles of inlet works; (b) a
recirculation pumping station (to recirculate the effluent from
the end of the maturation ponds back to the beginning of the
facultative ponds when the average temperature drops below the
level at which the ponds can operate safely on one "pass
through" of sewage); (c) pumping facilitles to an irrigation
system being developed by the Ministry of Agriculture; (d) an
effluent disposal lan~ ... in which effluent can be disposed of
safely through the processes of evaporation and ground seepage
when it is not needed for irrigation and an effluent
recirculation main discharging by gravity to Pump station No. 6
to provide adequate flow to eliminate the possibility of
septage in the primary force main.

B.2 Sewage Collection System

The major components of the revised sewage
collection system to be constructed under the Aqaba Wastewater
Project ("Stage I") are the following:

a. New Force Main. An 800 mm force main will
be the carrier of raw sewage from Pump Station ("PS") No. 6 to
Summit Manhole ("MH") 22 from where it will flow on to the
treatment plant by gravity (major project components are
represented in schematic fashion on Figure II). All raw sewage
from areas to the south-west of the "gravity flow divide" will
be collected at PS No. 6 for transmission to the treatment
plant. This will represent approximately 50% of the total raw
sewage generated in Aqaba.
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A secand force main will be installed from
PS No. 2 to MH 230 from where it will flow by gravity to PS No.
6. PS No. 2 is presently the collection point for the existing

sewerage system.

b. Pumping Stations.

-~ Upgrading of PS No. 2 to handle
increased flow by replacing pumps with pumps of greater
capacity. .

-~ Reconstruction of PS No. 6, equipping it
with three -duty pumps, one ~standby pump and an emergency
generator. Plans include an emergency outfall pineline to
convey sewage aproximately 250 M to sea (depth approximately 15
M). .

c. Other Main Sewers. Two trunk sewers will be
installed. One will flow by gravity from the " trunk split" to
PS No. 6. The second will flow by gravity to MH 22 and on to
the treatment plant. As can be seen in Figure II, the sewerage
needs of most of the areas planned for expansion will be met by
the second trunk sewer which operates by gravity flow to the
treatment plant. This fact effectively limits future loads on
PS No. 6 to predictable levels.

d. Effluent Recirculation Main. A 400 MM main
will be installed from the treatment plant to permit the flow
by gravity of effluent to PS No. 6. The effluent will be
combined with the raw sewage collected at PS No. 6 and returned
to the treatment plant. The purpose of this recirculation is
to prevent the occurrence of septage in the force main during
low load periods, e.g., during the night. This main will be
valved to prevent the possibility of effluent discharge to the
sea.

e. Other Sewers. The function of the other
Stage I sewers will be to deliver sewage (by gravity or with
the help of PS No. 2) to PS No. 6 or (by gravity alene) to the
trunk to the north-east of the "gravity flow divide". As with
the original plans, the existing sewerage networks will be
incorporated into the planned system whenever feasible and some
of the remedial work to the present system to make it
acceptable for incorporation in the Stage I system.
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B.3 Irrigation System

Because there is ample open space around the
proposed site, the development of an irrigation system to
dispose of the effluent is much less complex than it was for
the former project, which involved irrigation within the City
of Agaba. WSC entrusted the responsibility for any irrigation
scheme that may be required to the Ministry of Agriculture.
Although details of the scheme are not yet available, it is
expected that it will include, primarily, a tree belt between
the treatment plant and the City of Agaba. In Section 5.1(g)
of the Loan Agreement, the Borrower has agreed to furnish to
AID a final design report for the sewage effluent irrigation
system, a financial plan for construction and operation, and an
operating plan, including a staffing plan of the organization
that will have ultimate operating authority. 1Imn Section 6.4
the Borrower covenants to continue development and expansion of
the irrigation system in such a manner that all effluent
produced by the sewage treatment plant at Agaba will be used
for irrigation purposes in a manner posing no significant
nealth or other hazards to the «c¢ity's inhabitants. Because
the final design and operation report of the Ministry of
Agriculture on the irrigation project may not be available
before initial disbursements and since, with the effluent
storage lagoon, no effluent will reach the Gulf, USAID proposes
to modify Section 5.1(g) by Implementation Letter to require
evidence that the irrigation system will be designed and
constructed so that it will be in place when sufficient
effluent becomes available. The special covenant will remain
in force.

c. Ma jor Changes Between Original & Current Project Proposals

Following is an expanded discussion of the major changes
involved in the revised project proposal (which were first
mentioned in Section I.A. above).

(1) Location of Treatment Plant. The treatment plant
has been moved from Site 2 1n the steep-sided Wadi Jushiya
about 1.5 kilometres south of the built-up area of Agaba to
Site 3 in the Wadi Araba near the ceasefire line about 4
kilometres north of the Gulf of Agaba (and at least 2
kilometres from any signifiant planned habitation). The wadi
Jushiya treatment plant site was at about 65 metres elevation
while the Wadi Araba site will be at about 20 metres elevation.
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(i1) Method of Treatment. Because the Wadi Jushiya
site had severely limlted space, the choice of treatment method
was necessarily also restricted. The method originally
proposed --the oxidation ditch method -- was, in fact, about
the only method possible in Wadi Jushiya because it needs
relatively little space. As there lIs a great deal of avallable
space at the proposed Wadi Araba site, there is an almost
unrestricted choice of treatment methods. The consultants have
chosen the waste stabilization pond method because while
requiring a great deal of space this method is highly effective
and comparatively inexpensive with regard to both initial
capital cost and annual operating costs (see Section III.D
below)

(iii) Effluent Irrigation System. virtually any other
locale (except the currently proposed Site 3) in or around
Agaba which was suitable for consideration as a possible site
for the sewage treatment plant would require some sort of
irrigation system to obviate the need to dispose of the sewage
effluent in the Gulf. (As noted in the original PP, avoidance
of any disposal of sewage effluent in the Gulf is a primary
objective of the Government of Jordan and of Aqaba officials
and residents -- see discussion in Section III.A beginning on
page 21). WUtilization of the wWadi Araba site, however, could
make it possible to eliminate the requirement for an effluent
irrigation system because the sewage plant effluent can be
disposed of safely through evaporation and seepage from a
relatively simply constructed "effluent disposal lagoon". The
Consultants have, in fact, recommended this method of effluent
disposal. WSC, however, feels that, given the water shortage
in the Agaba region, the effluent should be used for
irrigation. It has asked the Ministry of Agriculture to
develop a scheme for its use. Thus, the difference between the
original and the current project proposal is that the original
proposal was an elaborate one to irrigate ornamental greenery
within the city whereas the current proposal is a much simpler
one to grow trees in an open desert and to provide water for
commercial farming. The effluent disposal lagoon will be
retained to store water when irrigation demand is low or when
there is an electrical failure. Sludge builds up in the
facultative pcids gradually and needs to removed only once
every ten years or so. This sludge is stable and can be used
for agricultural purposes.
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(iv) Sewage Collection System. With the selection of
the proposed Wadl Araba site instead of that at wadi Jushiya,
the main sewers of the sewage collection system had to be
redesigned to, in effect, "reverse the flow" of collected
sewage from south to northwest. On the one hand, the distance
to the wadi Araba site from major inhabited and commercial
industrial areas of Aqaba is greater than that to wWadi Jushiya,
so the revised project will require significantly greater
amounts of sewer pipe and civil works for its collection
system. On the other hand, as discussed earlier, while for the
Wadi Jushiya site all raw sewage had to be pumped against a
static head of 65 metres, for the Wadi Araba site roughly half
the raw sewage will flow by gravity to the treatment plant.
Furthermore, the half which will not flow by gravity will only
have to be pumped against a head less than half as great as
that for Wadi Jushiya -~ 27 metres as against 65 metres. Thus,
over the long run, the amount of energy saved in running the
Wadi Araba collection system instead of that for Wadi Jushiya
will be large. '

D. Comparison of Wadi Araba and Wadi Jushiya Alternatives

The last table in the consultants' "Discussion Paper on
Location of Treatment Works" (Annex M) provides a fairly
concise comparison of the advantages and disadvantages of
choosing Wadi Araba or Wadi Jushiya for a treatment plant site
for the Aqaba Wastewater project. This is a very useful
summary of the various factors involved in the consultants'
recommendation to move the site to wadi Araba and accordingly
is reproduced here (in slightly altered form) for ready
reference.

Wadi Araba ("Northern Site" or
wWadi Jushiya "Site 3")

Minimum length of sewers. Long and consequently expensive
main collector sewer. (May be
useful in future if wadi Araba
developed for residences or
commerce/industry.)

All raw sewage gravitates 50% of raw sewage will gravitate
to sea level and must be to treatment plant. Remaining
pumped to treatment plant 50% must be pumped from sed level

at elevation of 65 metres. to elevation of only 27 meters.



Constricted site, limiting
type of treatment
avallable.

Expensive embankments

and earth training
construction required;
limited room for expansion.

Only possible treatment
method requires high propor-
tion of E & M equipment with

relatively high operation and

maintenance costs
Good effluent for irrigatioan.

Effluent must be utilized
in irrigation system; all
effluent available for
irrigation.

Site is also used for solid
waste disposal and has
accompanying unpleasant
odor and fly nuisance;
however, all environmental
pollution contained within
Wadi

Emergency disposal of
effluent into Gulf,.

Emergency pumping staticen
outfall to Gulf.

Wastewater project completed
7 months to one year sooner.
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Large open site with virtually
unrestricted choice of treatment
method.

Virtually no off-site construc-
tion work required; virtually
unlimited room for expansion.

Abundant space allows utilization
of waste stabilization pond
treatment method which utilizes
relatively simple E & M equipment
with low 0O & M costs.

Good effluent for irrigation.

Effluent need not be utilized for
irrigation; some loss of effluent
through seepage and evaporation.

Open site with possible odor
problem in the area of treatment
plant, but risk of nuisance in
Agaba considered very slight
despite fact that plant is upwind
(many waste stabilization plants
operate in similar environments
with no odor problems).

No need for emergency disposal of -
effluent. ‘

Emergency pumping station out-
fall to Gulf.

Wastewater project completed
7 months to one year later.
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Much higher power costs. Much lower power costs.

Higher maintenance costs Lower maintenance costs.

E. Project Costs & Financing

l. Construction Cost Estimates -

Total estimated costs of construction of the
revised Agaba Wastewater Project facilities are U.S. $15.5
million equivalent. Table II.A. gives the breakdown by
component and foreign exchange and local estimated costs at
October 1980 prices. Table II.B. gives a comparison of the
costs of the original and revised project. The original, which
was estimated in June 1979 dollars, has been inflated to
October 1980 dollars to permit comparison. As may be seen, the
construction costs are only about U.S. $485,000 more for the
revised project (U.S. $§ 14.138 million) than the original
project (U.S. $13.654 million). The cost increase results from
the need for a longer total sewer system. USAID believes that
the revised project estimates are cautiously conservative.

It should be noted tht the Consultants estimates
for line item 7 of Table II.A. differ from those presented.
The Consultant has estimated foreign exchange costs at U.S.
$7.598 million and local currency at U.S. $ 6.533 million. The
Consultant has assumed the maximum usage of imported materials,
e.g., vitrified clay pipe, while USAID has assumed greater
usage of locally available materials based upon our previous
experiences.

2. ‘Financing Plan

a. Capital Costs

The proposed Government and AID
contributions to the project costs are also set out in Table
II.A. The AID Loan may be used to pay for all foreign exchange
costs of the project except the foreign ‘exchange component of
the consultants' contract. Foreign exchange costs not financed
from the loan will be financed by the Government.
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Under the terms of the original loan
agreement, the Government has reloaned the amount of the AID
Loan to the implementing agency, the Water Supply Corporation,
for constructing the project. The earlier USAID understanding
was that the standard terms for such reloans were 20 years for
repayment, S-year grace period and 6% annual interest on the
unpald balance of capital. The actual terms of the reloan
agreement are considerably different, however; 37 years for
repayment, 6 1/2 year grace period and 8% annual interest (with
the spread between the reloan agreement's interest rate of 8%
and the AID Loan's rate of 2% to be deposited in a special
account by the National Planning Council (NPC) to be used "to
finance other water projects agreed upon by the NPC and WSC").

The Loan agreement has the standard AID
requirement committing the Government to provide all financing
required by the Project not available from other sources ( in
the case, only the AID Loan).

b. Annual Costs Financing

There is no appreciable change from the
section in the PP concerning the financing of annual costs. It
can be noted, however, that the actual reloan agreement
financing terms represent an initial slight increase in annual
financing costs, but that this cost will decline and drop below
the originally projected costs after approximately eleven years.

In add..ion, the operating costs themselves

- particularly for energy - are expected to be significantly
lower under the proposed project. These lower costs will tend
to lighten the overall financial load on Agaba residents for
wastewater services and will allow the implementing agency to
consider financing at least part of the "on-going development"
program from current revenues. This subject is discussed in
greater detail in the financial analysis section below (See
Section II1.D.).
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11.

ESTIMATED REVISED PROJECT CONSTRUCTION COSTS

e

TABLE II.A

Costs

Main Sewers and Pumping
Stations

A. (Civil Works)

B. (Pipe Supply)

C. (Pumps & Accesories;
Electrical &
Mechanical)

Treatment Plant

A. (Civil Works)
B. (Electrical §
. Mechanical)

Effluent Disposal Lagoon
Irrigation Facilities
Expected Bid Prices
Contingency (10%)
Estimated Project
Facilities Tetal
Consultant Supervision

Estimated Direct Project
Cost

Interest During
Construction

Estimated Total Project
Costs

Financing

AID
GOJ
TOTAL

AND PROPOSED FINANCING

1/
Amount

FX LC
2.972 4.091
(0.278)  (3.855)
(2.108) (0.184)
(0.586) (0.052)
2.069 2.191
(1.554)  (2.147)
(0.515) (0.0u4u)
0.035 0.0u49
0.654 0.792
5.73¢C 7.123
0.573 0.712
6.303 7.835
0.495 0.1u1
6.798 7.976
-0- 0.705
6.798 8.671
6.303 1.197
0.495 7.474
6.798 8.671

.

" Totals

7.063
(4.133)
(2.292)

(0.638)
4,260
(3.701)

(0.559)
0. 084
1.446

12.853
1.285

14.138

0.636

14.774

0.705

1S.u479

7.500

7.979

15,479

In Millions of U.S. Dollars converted at the rate Jordan

Dinar 1.0=$3.3% ($1.0 =

JD 0.300)

(Percent-

ages)

(45.6%)

(27.5%)

( 0.5%)
( 9.4%)
83.0%
8.u%

91.u4%

4.1%
95,5%
4.5%

100-0%

48.5%
51.5%
100.0%



TABLE II.B

COMPARISON OF ORIGINAL AND
REVISED PROJECT COSTS

(S 000)
Original Original Revised
Project Froject Project

(6/79 dollars) (10/80 dollarsﬁ/ (10/80 dollars)

1. Main Sewers and Pumping

Stations 4,132 4,806 7,063
2, Treatment Plant 5,050 5,874 4,260
3. Effluent Disposal Lagoon - - - 8y
4, Irrigation Facilities 1,490 1,733 . 1,446

Subtotal 10,672 12,413 12,853
5. Contingency (10%) 1,067 1,24l 1,285

Subtotal 11,739 13,654 , 14,138
6. Consultant Supervision 514 598 636
7. Interest during construc-

tion - 427 497 705

PROJECT TOTAL 12,680 14,749 15,479

1/ Inflated at 12% annual rate
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III. REVISED PROJECT ANALYSIS

A. Technical Feasibility (Replaces or supplements Section

III.A beglnning on Page 21 of original PP).

The revised project proposal represents a technically
scund solution to the p.oblems of wastewater collection and
treatment at Agqaba. It is, if anything, more sound technically
than the previous proposal because of the reduced amount of E
and M equipment employed in the collection system and in the
waste stabilization ponds method of treatment and the lesser
sophistication of that which is employed. These reduced E & M
requirements result in a need for fewer technically skilled
personnel to operate the system. The waste stabilization ponds
method of treatment itself is ideally suited to the conditions
of the revised treatment plant site, i.e., large amounts of
available space, few cloudy days and high average ambient
temperatures.

Given the limited possibilities for dispersion of
effluent, and particularly the absence of any possibility for
safe dispersion in a water body, the case for provision of
secnndary treatment is still valid (see P. 22 of original PP).
(The environmental analysis below -~ see Section III.E.2
discusses the issue of effluent disposal for the present scheme
in more detaifl.)

B. Administrative Analysis (Supplements Section III.B. on
page 24 of original PP).

The administrative burden to WSC has been lightened
significantly by two aspects nf the revised project: (a) the
reduction and simplification of the E & M equipment and (b) the
expectation that effluent disposal will primarily be the
responsibility of others.

The decrease in the personnel requirements for the
revised treatment plant are reflected in the revised
recommended staff organization chart (Figure III). As can be
seen, the provision for a separate chemical section for the
treatment plant has been eliminated with responsibility for the
limited chemical analysis required for the currently proposed
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plant devolving on the plant manager (compare with Figure
I1I.A., Page 27 of original PP). Similarly, the number of
machinists has been reduced. While the number of operatars has
been lncreased, thelr required level of training 1is reduced.
The personnel requirements for the sewers remain unchanged.
Overall, the effect is a modest reduction in the number of
personnel requircd and a greater reduction in the
qualifications of those who are required.

The performance of the WSC in administering the Project
to date has been good, considering the constraints on the
organization discussed in the original PP. CP submissions for
the original PP have been satisfactory with the exception of
that for the effluent irrigation system. Preparation of the
bid documents and, consequently, the entire bidding process is
behind the orlginally planned schedule because aof the change in
the location of the treatment plant and method of treatment.
For its tralning program, the WSC, ( which has been assigned
responsibility for overseeing the project through the
construction stage and for developing and implementing a
training program for project personnel when required,) has
developed a concept of a core of highly qualified technicians
(the latter will be supplemented by equipment suppliers’
training programs as appropriate). In the meantime, the NPC is
developing a national training program which is conceived as
being able to supply appropriate training required by
technicians in all facets of water sector operations in the
country. Thus, based on the WSC's performance to date and the
increasing awareness among high-level G0J officials of the
rapidly growing requirements for technical personnel in the
water sector, USAID believes that overall chances for
satisfactory administration of the proposed Project are, if
anything, improved over those estimated at the time of the
original analysis. Further grounds for optimism can be found
in the fact tht it was the WSC itself which raised the gquestion
of re-examining the decision on the treatment plant site, and
once WSC management was convinced that the site should be
changed, necessary GOJ approval was obtained.

cC. Economic Analysis (Supplements Section III.C. beginning
on page 28 of original PP.)

The basic conclusion remains unchanged that a rigorous
economic evaluation of the project is not possible because of
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the inabllity to quantify beneflts. It can be noted, however,
that while no actual beneflt/cost ratio can he computed, the
economic attractiveness of the project has been enhanced
because of the fact that the (uncalculable) benefits remain the
same while the cost has been reduced by virtue of the decreased
operating costs of the revised Project,

The prevlious Project represented the least-cost solution
to the problem of providing sanitary services in Aqaba, glven
the limiting constraints on treatment plant location. The
revised Project now undoubtedly represents the single
least-cost solution for providing Agqaba with sanltary services
of the quality and magnitude desired.

0. Financial Analysis (Supplements Section II.D.l.,
beglinning of origlnal PP)

L. General

As noted earlier, there have two significant
positive effects on the financial situation facing Agaba as a
result of the revision of Project: (a) annual project costs
have been reduced considerably by the specificatlion of a less
expensive scheme for collection and treatment of sewage
and (b) the extended repayment terms provided in the relending
agreement for the AID will lead to lightened annual financial
costs.

The basic effect of the altered relending terms is
favorable even though the increased Interest rate (from 6% to
8%) will proportionately increase the costs of interest during
construction. The increase in such interest costs is
relatively in significant. On the other hand, the extended
repayment period (from 20 to 37 years) and grace period (from 5
to 6.5 years) make the annual financial costs of any given
investment about 86% of those incurred under the previous terms.

The approximate resultant of the combination of
the above two effects is that annual financial costs te the
city of Agaba for wastewater collection and treatment services
under the revised Project will be about 75% of annual costs
anticipated under the original proposal.
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The total effect obviously is a significant
reduction in the financial burden for wastewater services, the
"saving" from which elther can be passed on directly to Agaba's
residents in the form of lower tariffs or can be used to
finance at least part of the "on-golng development" program
from current revenues (see Sectlon 1I1.D of original Project
Paper).

2. Repayment Prospects

The analyslis of repayment prospects remains
essentially unchanged from that in the original Project Paper
(Page 34).

E. Environmental Analysis (Supplements Section III.F.,
beginning on page 38 of original PP).

1. General

The proposed revised project has some aspects
which will increase, and others which will decrease, the
chances of envircnmental pollution in Agaba. The proposed
project will increase the chances of pollution in two
signigicant lnstances. First, because the location of the
treatment plant has been moved from downwind to upwind of the
city with regard to prevailing winds, there is an increased
likelihood of the project being the cause of odor pollution in
Aqaba. Second, the large, relatively still ponds involved in
the revised treatment method provide a potentially better
environment for breeding of mosquitos, flies and snails. On the
other nand, the proposed project will also significantly reduce
the chances of pollution, primarily by virtue of the fact that
reiocation of the treatment plant will absolutely eliminate the
need to dispose of effluent into the Gulf (which would have
been necessary under emcrgency conditions -- primarily power
outages -- if the original project had been implemented). In
addition, the amount of rvaw sewage which it will be necessary
to dispose of in the Gulf from pumping stations during
emergency conditions will be reduced to half of what it would
have been under the previous project, because about half of the
sewage will flow by gravity to the treatment works under the
revised project and will not require pumping.



The possible negative environmental impacts
mentioned above can be mitigated relatively easily. With
regard to the possibility of an odor nuisance in the city, the
best countermeasure is to maintaln correct operation of the
treatment plant. (It can be noted that a plant of the same
type has been operating on the other side of the cease-fire
line for a number of years with no notliceable odor pollution in
the city downwind ~-- or in Agaba which is often downwind
because the prevailing winds in the Wwadi Araba tend to come
from somewhat west uf north.) A secondary countermeasure will
be a series of tree belts downwind from the plant which will
increase the probability of dispersion of any odors that are
formed. Such tree belts have been proposed by WSC and will be
irrigated with treatment plant effluent. As has been noted
before, the climate in Agqaba for most of the year is ideally
sulted to ensure effective operation of waste stabilization
ponds. Based on experience with similar plants in similar
environments elsewhere, it can be concluded that the chances
for increased odor pollution in Agaba from the treatment plant
are relatively low if the plant is operated properly.

Wwith regard to the breeding of mosquitos and other
insects and snails, the chances of such breeding occurring will
be mitigated by proper design and operation of the facilities.
The design criteria proposed by the consultants will include:
proper depth (1.5 metres) and side slopes (l:3), concrete
protection of the pond sides at the normal operating water
level to prevent wave erosion and plant graowth, and fenclng and
gating of the whole site to keep the general public totally out
of the area. The design criteria will enhance the operator's
ability to keep the ponds free of weeds, which are breeding
places for insects and snails. The concrete slabs or cement
stabilization of the pond sides will provide a less attractive
habitat for any snail population that may develop. All persons
will be prohibited from swimming in the ponds and the works
staff will be instructed on keeping clean, dry and out of the
water. The effluent from the ponds that is used for irrigation
will be chlorinated and conveyed to the irrigated area by pipe,
thus minimizing the risk of snail breeding enroute.

The proposed site is at least two kilometres from
the nearest proposed housing. Thus, if a tree belt barrier is
planted between the ponds and the city, the likelihood of
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nuisance mosquitos and flies reaching inhabilted areas 1is
consliderably reduced. Malaria has essentially been eradicated
from Jordan; the only cases reported are imported. There is no
indigenous schistosomiasis. There 1is an excellent Malaria
Control unit in the Minsitry of Health, which has recently been
glven charge of schistosomiasis control. This unit will
monitor mosquito and snail breeding in all bodies of open water
in the Kingdom, including the waste stabilization ponds at
Agaba. ‘

Given on the one hand the relatively small risk of
odor nulisance incurred as a result of revisions to the Project
and the relatively easily controllable nature of insect and
snall breeding and, on the other hand, the significant
increases in environmental protecticn provided by the
elinination of the need ever to dispose of effluent in the Gulf
and the reduced need to dispose of raw sewage there during
emergency conditions, the overall assessment is that the
proposed revised project will prnvide enhanced protection of
the environment in comparison with the original ‘Project.

2. Effluent Irrigation System

Given the confined nature of the original
treatment plant site, an effluent irrigation system was
mandatory in order to obviate the need to dispose of effluent
into the Gulf (except during emergencies). With regard to the
revised project, the situation as seen by the consultants is
that while an effluent irrigation system would be desirable --
particularly if the effluent were used to irrigate tree belts
downwind from the treatment plant -- it is in no way necessary
because the effluent can be disposed of safely by evaporation
(mostly) and seepage from a large lagoon to be built on the
site. The WSC feels, however, that the development of the tree
belt should begin as soon as possible after the plant goes into
operation. It also feels that the increasing cost of water,
combined with increasng demand for food and successful examples
elsewhere, will make a scheme to use the effluent for
commercial irrigation an attractive proposition. Indeed, it
seems quite possible that the effluent from the proposed Wadi
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Araba treatment plant will become a source of significant
income for the implementing agency, income which could be used
to offset the costs of providing wastewater services in Aqaba.
The WSC has asked the Ministry of Agriculture to prepare such a
scheme.

3, annex 0 provides the Environmental Clearance by
Bureau Environmental Coordinator.
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IV. REVISED PROJECT IMPLEMENTATION & EVALUATION

(The follwolng paragraphs replace the same paragraphs as those
found in Section IV of the original PP, which begins on page
40).

A. Revlised Project Implementation Schedule

Table IV. A is a revised summary schedule for the
implementation of the AID-financed wastewater project. This
schedule is considered to be extremely "tight," but fully
possible of being adhered to in the absence of significant
administrative delays.

B. AID Loan and Disbursement Schedules

The revised AID Loan Implementation Schedle is found in
Table IV, B and the revised RID Loan Disbursement Schedule is
found In Table IV. C (The methodology employed in developing
the lagter schedule is discussed briefly in Section III. D
above.



TABLE IV.A.

IMPLEMENTATION SCHEDULE FOR AID-FINANCED
WASTEWATER PROJECT

ACTIVITY DATE

1. Contract for conéilting englneering i
services signed 6/79 ~
2. CBD notilces for contractor pre-
qualification published 11/26/80
3. Consultant submits revised draft
bid documents for contract 8/80
4, Detalled revised bid documents
completed 12/80
5. Revised documents 1issued to
prequalified firms 2/81
6. Bid opening 4/81
7. Contract approved 5/81
8. NTP to contractor delilvered 6/81
9, Electrical and mechanical equipment A

delivery begins 10/81

10. Equipment installation (including
suppliers' training programs) begins L4/82

11. WSC accounting and administration
training program begins . M1d-1982

12. WSC wastewater facilities operations

and maintenance (on-the-=job training)

programs begins M1d--1982
13. E&M equipment installation completed 11/82
14, Construction work completed 1/83

15. Beginning of full operations 2/63

/)';O



TABLE IV. B

REVISED

. AID LOAN SCHEDULE

) Original Loan Authorization August 22, 1979 )
Original Loan Signing August 30, 1979 ;
Implementation Letter No. 5 1ssued é

amending project description December 17, 1980

Initial Conditions Precedent Met January 31, 1981
PACD December 31, 1983
First in=-depth AID Evaluation November, 1983 -

TABLE IV. C.

REVISED
AID LOAN DISBURSEMENT SCHEDULE

1281 1982 1983 Totals

Foreign Exchange 2,569 3,096 638 6,303
Local Currency 501 615 81 1,197
TOTALS 3,070 3,711 719 7,500

-2 -
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The Director General
Water Supply Corporation

Amman 7/3/1980.
Excellency,
Aqabes Sewerace Project : Possible Re-Location

of Treatment Works

Following your request at the meeting in your offices on
14 February we have prepared a discussion paper on
considerations regarding the relocation of the proposed
scwage treatment works following the decision to use the
scewage effluent for irrigation’ in Wadi Araba and not in
Aqaba as originally apecified.

We trust that this gives you sufficient information for

your submission for ministerial consideration but we should
of course be prepared to participate in any ensuing discussions

to asaist in reaching a conclusion.

Yours sincerely
FOR HOWARD HUMPHREYS LTD
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J. M. Reid
Resident Associate
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INTRODUCTION.

The Aqaba Regional Water Supply Project at prosont under
conmstruction will abatract water from wells nt Qa Dinmi

and tranasmit it by pipeline to Aqaba. The wante wator from
Agaba city is to be treated and the smewerage asysatem and
troatment facilities have been designed and draft contract
documonts submitted for approval. Proe-qualification of
contractors is under way.

The groundwater rosourcoes at Qa Disi are finite, that is,
they are not replenished, and when they are exhausted,
further and more expensive means of obtaining municipal
water aupplies will be neceasary. Consequently it has

been accepted as n matter of principle that the best use
should bo made of these resources and that specifically,
the effluent from the sewage treatmoent works should be used
for irrigation. As a corollary it is neceasary to provide
secondary treatment. Howard Humphreys were commissioned

as an axtenaion of their duties, to prepare a report on the
re-use of effluent for irrigation and this was done on the
basis of a sewage treatment works in Wadi Jushiya and in
accordance with the requirements of the Aqaba Town Planning
Committee to irrigate the verges and central reservations
in the town. The resulting scheme however was relatively
expensive in capital outlay and in operating costs and
required a considerable labour force to operate it,.

Consequently at a meeting in W.S.C. offices on lhkth February,
1980, it was suggested that a simpler and cheaper solution
would be to transfer moast of the effluent to Wadi Araba in
the north of the town and use it for the devolopment of a
tree belt and for certain agricultural produce. If such a
solution were to be adopted it is possible that a more
suitable location for the trcatment works would be in the
Wadi Araba area as had been proposed by Howard Humphreys
during the study stage. :

Consequently the Director-General, W.S.C., wishes now to
review the whole situation and requested Howard Humphreys

to prepare a discussion paper to assist in formulating a
policy which will ensure that the most .satisfactory scheme
is adopted. The following sections summarise the background
to the present proposals, discuss new developments and make
recommendations regarding immediate and future action.

LOCATION OF TREATMENT WORKS.

2610 GENERAL.
During the study and preliminary engineering stage
considerable difficulty was experienced in locating

a4 treatment works site which was acceptable to all
authorities concerned. '

Continued.,....
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n.1. GENERAL. (Continued)

Sovon sitos wora considered® but after preliminary
oconomic analysis and discussions with Government
Departmoenta, the choice narrowed to three:-

Site 1 - the area of the exiasting soewage treatment
‘ works in the port area,

Site 2 - the low part of Wadi Jushiya,

Site 3} -~ immediately north of the proposed Oasis
Pro ject.

The most economical solution was Site 1 but it was
rejoected becavrse of the obstruction. it would present
to extensions of the port facilities. Although a
limited economic analysis showed Site ] to be the
next most attractive, this site also was rejected
because of poasible odour nuisance with the
prevailing offshore winds. There are however
considorable advantages in this site and a detaniled
comparison of Site 2 (Wadi Jushiya) and Site 3
(Northern Site) is presented below.

2.2. WADI JUSHIYA SITE.

With the siting of the works in Wadi Jushiya all
sewage is gathered in a main pumping station at the
entrance to the port area and from there lifted to
the works at a level of 66 m. The Wadi Jushiya

site is cramped and is currently used for the
excavation of concrete aggregates and for the tipping
of solid waste collected from Aquba. The present
methods used for both of these operations are
insufficiently controlled and crecate an untidy, dirty
atmosphere and considerable amell and {ly nuisance.
Fortunately the isolated nature of the wadi confines
the nuisance and so far have had no bad effects on
the environment. Under proper control it would be
sensible to use the upper part of the wadi for
sanitary land disposal of solid wastes and the lower
section for sewage treatment. Naeither operation is
offensive if properly controlled.

The limited arca available for the works restricts
the method of treatment to the extended aeration
process where air is introduced to the sewage by
large electrically driven multi-blade rotors. Although
the system is well tried and robust, it nevertheless
requires the care and maintenance of large and
important electro-mechanical units with reolatively
high power consumption and running costs, The system
however is flexible and can treat sewage having a BOD
loading substantially higher than the design loading,
by increasing the immersion depth of the rotors, and
as necessary, recirculating the effluent,

*¢ Howard Humphreys 'Aqaba Water Supply and Sewerage Project:

Scwage Treatment Works: Report on Alternative Location of Works'".
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2.3,

WADI JUSHIYA SITE. (Continued)

As noted above and diacusnsad in detail in Saction 3,
it ias envisanged that all of tho effluent will be
disposed of by irrigation but in the event of a
breakdown in the irrigation system, the effluent
would be piped to the Gulf.

The main pumping station would be powered from the
public supply but would also have standby generaticn
which would start automatically in the event of a
failure in the public supply. Provision would also
be made for diacharging untieated sewage into the
Gulf in the event of a complete failure of all power
sources, but this is considered as a rare emergency.

Sludge would be digested,'driod in beds, and disposed
of by truck to farmers uor to solected disposal areas.

NORTHERN SITE.

The proposed northern site is 4 km from the Gulf

and near the cease fire line. It therefore lies at

a considerable distance from any planned urban
development and on land which is un~used. Sewage
would be transported to the works by a main collector
sewer 900 - 1000 mm diameter, traversing Agqaba at an
elovation of about 30 m. Sewage from approximately
half of the first stage population would therefore
drain directly into the main sewer, the remainder
being pumped from stations near soca level. The
collector sewer would also traverse the flat terrain
of Wadi Araba thus providing the opportunity for long
term development in the area to drain directly into
the sewer.

The type of treatment proposed, namely stabilisation
ponds is relatively simple to operate, has a minimum
of electro-mechanical equipment, and consequently
minimum maintenance requirements. The process is
flexible and can readily be uprated if required to
suit changed circumstances, The quality of the
effluent is to secondary standard and suitable for
irrigation. 1In this respect however it should be
noted that there would be a loss of effluent during
treatment due to percolation and evaporation, but
this should not amount to more than 35% in the hottest
months, o

No regular sludge disposal is necessary.

J. IRRIGATION.

3.1,

GENERAL.

Treatment of sewage is to be to sccondary standard
and following chlorination will therefore be suitable
for irrigation. lloward Humphreys were requested in
November, 1978 to prepare a master plan for irrigation

1:*ilising all available effluent, and also to prepare
wutailad damigns for the fire) !
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GENERAL. (Continued).

Discuanions wore held with W.5.C,, N.P.C., Departmeont

of Agriculture, Aqaba Municipality and Agqnba T.P.C.

and, based largely on the latter Authority'as ruquiromontsl
a scheme was preparced for improving the city's uppearance
by irrigation of the verges and centranl resorvations,
with surplus effluent in the latoer development astagos
being used for a forest area in Wadi Araba. The achoeme
developed to satiasfy these requirements is the most
economical, but because of the nature of the schome

the capital investmont and running costs per unit area
irrigated are high ,hen compared with the irrigation

of large agricultural or forest arcas,

Consequently it was decided, at a meeting in the W.S.C.

officed on 14th February, 1980, where all the above oo v samie

mentioned authorities weroe representcd, to use the
effluent almost wholly in Wadi Araba for the development
of troae belts and for agricultural usc.

’ .

With such a change in policy it is now. advisable to
raconsider the basic concepta of the whole project, in
particular the siting of the trecatment works, to ensurec
that the scheme finally adopted is the moast suitable,
efficient and economical.

REVISION OF IRRIGATION SCHEME IN CONJUNCTION |
W1TH WADI JUSHIYA WORKS.

The prescent irrigation scheme prouposcd, is Lased on
disposing of 9000 m3/day during a pcriod of 6 hours
each day (or 18000 m3/day over 12 hours in Stage 2).
It was necessary therefore to construct a balancing
reservoir at the works to accept a steady discharge
but to instal a large enough trunk main through. Aqaba A
(600 mm dia) to dispose of the effluent in the necessary -
period. '

. »
If all irrigation were to be carricd out in Wadi Araba '
however the most economic solution would be:- i

l. Omit balancing reservoir at treatment works. 3

2. Construct a 350 mm dia. gravity main 7 km long
from the treatment works to the irrigation area.

3. Construct a balancing reservoir at a level of
30 m at the irrigation arca. The size of this
reservoir would depend on the system adopted for
irrigation but assuming that this is carried out
for 18 hours every day then the cupacitg of the
stage 1 reservoir would be about 2300 mJ.

The terminal reservoir would command sufficient area
to utilise all the Stage 2 cfflucnt (18000 ml/day)
although pressure would be ingufficient for the
operation of sprinklers without boosting. However,
pressure in the main through the town would exceed
30 m and could be used for irrigating sclected areas

of shr:''s cither from sprinklers or by hoses as
foriive t! L T I Y L B



”

-8 -

IRRIGATION FROM NORTHERN 5ITE WORKS.

The trentment works at the Northern 5S5ite would be

at an elevation of about 20 m and so would command,

by gravity, areas only below this level. Neverthelasga
there is potential in the immediate vicinity of the
works for utilising all the effluent, The Oasis
Schome is 1 km south of the wor''s, and tree beltn
batween the works and the GCasin Vroject would:-

l. Provide a screen round the city msides of the
works.

2. Dissipate odours and encouragse them to rise with
convoction currentas.

3. Provide wind breaks for sheltering irrigataed
agricultural areas.

The effluent could also be used for irrigating the
golf course proposed as part of the Oawis Project.

Irrigation wouid constituto the principal means of

dispoaing of the effluent s¢ that a reliable irrigation -

system all year round would be an essential part of the
works operation. This may be problamatical should the

Authority for operating the irrigation scheme not also

be the Authority responsible for the treatment.

It is expected that irrigation would ba by gravity

and consequently not be reliant on electro mechanical
equipment. However it would still be necessary to
provide some means of emergency diaposal of the
effluent should for some reason the irrigation be
stopped. There are two possible systems of emergency
effluent disposal. The first would be an outfall sewer
to the Gulf comprising a pipe 900 mm diameter and .

4 km long. The disadvantage of such a solution is that
the prevailing currents in the Gulf would tend to

carry the effluent along the coast whare the tourist
hotels and beaches are situated, although this could

be mitigated to a large extent by prcper dissipaters.

An alternative solution would be to discharge the
efflucnt on the surface of Wadi Araba and in view of
the high quality of the effluent it is felt that this

'

]

‘,
t

|

could be done for a short period in an emergency. without;

a serious nuisanco being created.

p—
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QS}_}:’LT ESTIMATES.

The estimated capital and annual coats of the smewerage and
irrigation achemea are summarised in Table.l for works
locations at Wadi Jushiya and the Northern Site. The coatsa
of irrigation include all works only up to the¢ balancing
rescervoir in Wadi Araba aince

(1) costa of irrigation works downatream of the balancing
reservcir would be thie same for both alternatives and
80 do not affect the comparison.

(2) thesa costs would not be a charge on the W.5.C. but
on the responsible irrigation Authority or on private
users.

COMPARISON OF ALTERNATIVES.

The relative advantagoes of each scheme are summarised in
Table 2.

The overall coat of the Northern Site Alternative is
J.D. 919,000 less .than that of the Wadi Jushiya Scheme.

The ma jor advantage of the Northern Site Scheme however is
in the absence of major eléctro~-mechanical equipment whereas
the Wadi Jushiya Scheme requires a very high proportion of
such equipment with high power and maintenance costs and
associated maintenance responsibilitics. The power cost
factor will become increasingly important as fuel coatsa
continue to rise. From Table 1 it will be seen that the
annual power and maintenance costs for the Northern Site
Scheme are J.D. 160,900 less than for the Wadi Jushiya
Alternative. In addition the staffing costs for the
Northern treatment works will be less than for the Wadi
Jushiya works, Probably of mcre importance, the labour
necessary for the Northern works would be largely unskilled,
whereas a high proportion of semi-skilled personnel, in
short supply in Jordan, would be necessary to operate the
Wadi Jushiya works. '

From the point of view of the use of effluent for
irrigation, the Wadi Jushiya Scheme has three advantages
over the Northern Site Scheme.

(1) The terminal reservoir would be at a higher level
and so would command a larger area for irrigation
by gravity.

(2) The treatment losses would be less and consequently
more efflucnt would be available for irrigation.

(3) It would be possible to irrigate parts of Aqaba
in the vicinity of tho main cither by sprinkler or
hose.

K
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Theso advantages, howevoer, are of a minor nature and
should not have a large influence on the selection of
the better scheme.

The major advantage of the Wandi Jushiya Scheme 4is the
complete lack of risk of environmental pollution .
whoreas there is always mome element of risk from
works asituated at the Northern Site. It is icportant
to note in this context, however, that works o( ¢
similar type are situated on the wesatern side of the
cease fire line in the vicinity of the proposed
Northern Site und no odour nuisance is experienced
from there.

The choice ¢f worka site - and consequently of scheme =
can be narrowed down to two main factors:

(1) The Northern Site Scheme would be much simpler
to operate, is cheaper in initial capital outlay
and very considerably more economical in running
costa.,” Consequently on enginecring and economic
grounds it is to be recommended.

(2) There is, however, a slight risk of environmental
pollution from the Northern Site works. These
wouild be 4 lm away from the ncarest area of
habitation and it is unlikely that odour nuiaanco
would be experienced in Aqaba.

Should the Northern Site be adopted it would be
neceasary to re-design not only the works but the

whole scowerage system, thus incurring additional design
costs and delaying the start of construction by six
months. This should not deter the Government from
selecting the scheme which is best in the long run.

CONCLUSIONS

It has been accepted in principle by the Government
that the effluent should be uged for furrow irrigation
in Wadi Araba. Under thesc circumstances there are
substantial technical and economic advantages in
locating the treatment works at the Northern Site,
particularly with regard to ongoing costs. There is,
however, a risk of odour nuisance in the town but with
proper planning of tree belts and bearing in mind the
distance from the nearest inhabited area, this risk is
thought t¢ be minimal.

It is recommended that serious consideration should
be given to re-locating the treatment works at the
Northern Site and re~designing the sewage scheme
accordingly.

-
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‘PADLE 1 ~ Cost Comparison of Alternatives.

Costs (J.D.)

Deacription. Wadi Jushiya Northern Site
Alternative. Alternative,

CAPITAL COSTS.

Treatment Works

- civil works 1,436,000 1,190,000 (1)
;, = electro-mechanical 827,000 180,000
Severage

- civil works 710,000 1,241,000

- eslectro-mechanical 520,000 123,000
Irrigation (2) © 260,000 100,000
Total capital coata "~ Jp 3,753,000 Jo 2,834,000 0%

ANNUAL COSTS. (3)

‘Power at 35 fils/unit

- sewerage and treatment 200,000 70,200

- irrigation nil : nil
Maintenance

e civil works 8,000 70200

‘e electro-mechanical 37 .800 74500
Total powef and maintenance JD 245,800 JD 84,900/annum

1. . This capital cost excludes the emergency outfall sewer 4400 m
.leng to the Gulf, cost J.D. 630,000.

2, These capital costs include only for transporting effluent to
the irrigation area in Wadi Araba (Wadi Jushiya alternative

. * enly) and for irrigation headworks. They do not include the

cost of irrigation which is common to both,

jé',Annual costs include ‘here only power and maintenance costs.
' The numbers of staff required to operate the works would be
‘". gimilar but whereas semi-skilled persons would be required
.2 for the Wadi Jushiya treatment works, only unskilled labour
: ' would be required at the Northern Site.

)
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TABLE 2

Wadi Jushiy=

- Comparison of Alternntivesn

Northern Site

Minimum length of sewers

All sewage gravitates to sea
level and must be pumped to
works at level 65 m.

Restricted site, type of
treatment limited.

Expensive wadi training works.
No room for expansion after
Stage 2.

L -

Treatment requires high pro-
portion of electro-mechanical
equipment with relatively high
running costs.

Good effluent for irrigation.

All effluent available for
irrigation.

Site also used for solid waste
disposal; unpleasant smell and
fly nuisance. Environmental

problems contained within wadi.

Irrigation by gravity in Wadi
Araba possiblg below terminal
reservoir level of 30 m.

Irrigation in town possible by
hose or sprinklers from trunk

main.

Emergency disposal of effluent
into Gulf.

Long expensive collector aewer.
May be useful in future if
Wadi Araba is developed above
collector lavel.

50% of aewage graVituéea to
collector. Remainder pumped
from sea level to a level of

35 m.

BSasy open site, suitable fo
stabilisation ponds.

Uniimited area for expansion
and modification.

Works mechanically simple
with minimum maintenance
requirecments.,

Good effluent for irrigation
but tendency for algal growth.

Loss of effluent by seepage
and evavoration max. 35% in
summer months. '

Open site; may be odour
problem in area of works but
ready dissipation expected and
risk of nuisance in Aqaba very
slight.

Irrigation by gravity in Wadi
Araba possiblg below reservoir
level of 20 m,

No irrigation possible in town
from effluent system without
additional pipework.

Emergency disposal of effluent
into Gulf. Possibility of
emergency disposal into Wadi
Araba.

(Contdc/)
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fict documents available

Requires complete re-design
.March 1980. of sewerage project and
Cer e preparation of new contract
L{ﬁ;, y _ ’ documents.

.
e L
.

Higher capital cost.
oA

"tﬁ'hi;bor povwer costs.

Lower capital cost.

- Much lower power costs.
5.{;;1‘ or maintenance costs. Lower maintenance costs.
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UNITED STATES AGENCY FOR INTERNATIONAL DEVELOPMENT

AMERICAN FMBASSY
AMMAN — JORDAN
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Excellency:
Subject: AID Loan 278-K-026

Agaba wastewater Project
Implementation Letter No. 5

In reference to the revised Agaba Wastewater Project
design, USAID is pleased to advise that having reviewed
the design revlsions we hereby approve all modifications
as proposed and, by this implementation letter,
incorporate all such modifications into the subject Loan
Agreement and make such other changes as are necessary for
timely implementation of the subject project.

At tached hereto (Attachment Nn. 1) is a revised Annex I,
ProJect Description, to the subject Loan Agreement which
reflects the various modifications made to the project
design,

The terminal date for satisfylng the one remaining
condition precedent to disbursement, Section 5.1(g), is
hereby extended from June 25, 1980 to January 31, 198l.
We would like to advise that as a result of the design
revision this remaining condition precedent can be
satisfied by a statement to the effect that the irrigation
system will not be required until sufficient effluent
becomes available and, that when it can be predicted that
effluent will be available, the necessary system will be
constructed in recognition that Special Covenant 6.4
commits the Government to effective effluent utiiization,
1

His Excellency

Hanna Odeh, President
National Planning Council
Amman, Jordan
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The "Project Assistance Completion Date" (PACD), as
defined in Sectlion 3.3(a), Is hereby extended from
December 31, 1982 to December 31, 1983 with the terminal
date for requesting dlsoursements, Section 3.3(c),
concurrently extendec untll September 30, 1984.

Please lndicate your acceptance of the actions contalnaed
herein by returning one signed copy of this {mplementation
letter to this offlce. '

Very truly yours,

Edgar C. Harrell
Director

Signature:

Hanma 9den
President
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PROJFET SECRITTION

.
1

1, OBJECTIVE:

The objective of the projact 1o to provide wnatawnter services
(newage aollection and seccndary trestment) to the residents of the
city of Agaba at rates which are affordable wlth nn environmentally
enfa meana of disposing all offluent from the sowngfe treatment

plant.

2. FROJECT COMPOMNENTS

(e) The project camprises the folluwlng tww major 2lements:

(1) Supply of materlslo Cor and censtructi-n of o sewage
collectlon asystem serving all developed aren of the Uity or' Aquia,
(%hile largely involvying new conatruction, where practleable In
certain Instanzes the new collectlion cyatem will Incorpera‘te parta
~f the limited existing collectinn network, which will ke upgraded
to the standarda of the new syastem); end,

(12) Supply of equipment for and construction of a gewage
treatment plant deaigned to provide secondary treatment of up to
9,000 cublc m=tera of asewage per duy.

(L) Tae project will be fuplemented ty She Water Supply
Carpcration acting on belalf of the Government, In addition to
the construction program, it will include appropriute training to
irsure the proficlency of tht WSC 3tuff members recpongible for
project adminietration and operutiung.

3. EVALUATION

Project evaluation will verify achieverent of the project

s

rhjectives and analyzs the social und equity impacts «f the prcect.

The following ehould be includad ascng the indiators 2f ctroject
achievepent and effect:

(a) Are all residents snd businesces in Aqata City connected
to a fully functioning sewage collection system?

(b) Is the sewage treatment plant cperating within acceptable
standards with regard to quali+ty of effiuernt?

(c) Is the gewage treatment plant usually operating withou*
producing noticeabie amounts of unpleasant cders?
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() What Fas besn the lncldance of peat Lraadleg (partlevias!

qaogqultos and sonila) within tae con”inaa o° the treatment plani? 5;ﬁ;t
Iw azocasafil have countermons.raa besn Lo allalnale any such }yﬁg‘

hreading?

(o) Wao ara the yroject's Lensllilarles?

\
¢
() ¥t problems have been encoutiverad (n nooneriing all usar g i

to, ur othorwise in effeatling (ull utillzatlion of, the syutem? :
)

(g) Mat Lao been the Zupact of frposirg user tarlffs on
rasidantlal conaumers of watar and sawer asrvices and wha' probles:
have oacurred aa the recult of Impoalng such Lacl{'fa?

(1) Ia there a need for health and zanitary trainlng and e!-
ucation in ths.project area?

A.I1.D, will make ita beat efforts to fund projact avaluaticn,
nither from Project funding (1f sufficlent funds remaln unexpet.ded

after Project completion) or from other sources. ;*E;ﬁ
) >
.ot "
4. COST ESTIMATE: ?ﬁs
RS
Tha total cost of the prolect aas descrihbed above I3 estimated '
ae 515,479,00C Including supervision, continrennies and interes:
during construction. Of this amount $7,350C,000 i5 tu be financed i
by the A.I.D. Loan and the reamaining 37,379,000 by the Governmen., '
through the Water Supply Corporation. The expected ilsbursement ; ,
schedule for foreign exchangs and local currency cogta ig as peliute

ff'cllons:
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Tha folluming are entlaated dataos for alealficant projoct,

nativitlien;

n. Contract [or eonuuli oy crglineering

servicen 5lgand June, 1079
b. CDhD notlcan for contracter prequallficnt!on
publisned Hovember 6, 1700
3o Conmidtent submita dealt bld dooumenty for
FOnhracs Augunt, 1920
1. Datotlad bld docuneuts conpleteod Dacenter, 198¢
n. Dig Qosumonts Isuued o proquad tClad flers Yebouary, 1020
f. Efld cpening Apell, 1741
g. Contracts approved Moy, 1941 e
h. - NTP to ccnatruction contractor deliver2d June, 193L m?ﬂ:
L TN
1. Flegtrical and mechanizal equipment #fﬁg
delivery begino October, 198l fe it
J.  Equirment inatallaticn (including suppliers’
training programs) begins April, 1782
[}
k. Tralning programs begin for (1) administration ;
and (11) o»erations M1d-1642
1. Centract completion and plant start-up February, 19¢3
m. fvaluation begins November, 1943
L. Yvaluation report ccmpleted and submitted “ebruary, 1994

T vrerergt g .

: THar o T T AT S —
RS TR et e

s "’_"1"..;5:- |"’_:! e ey o

PRI Sy PR Sk Pt PRI
f

g



[CIRN



BT HIRL AL, TG pis, 19
LR AL R TR AT ]
. rrotm s cem) 1ot

LITED STATER GOVERINMINT

Memorandum

TO , W/ /OO, Robert Fedal, Duoject Chaarperson baie by 3L, 1960
FROM W/ PD/TDS, Staphen Fo Linener, Earoan vnvircroeatal Coordinatos o) /.~
sepjroT: JORDAN ~ Aqaba Wagstewater Project - Design Moditication (279-0009)

Fuvironmental Clearance

I have reviewed the documentation concerniog the propased desizn
modification to the project and find that it does not change the status
of the previous enviroumectal clearance. The design moadification will
result in significant environmental improvement in the project due

to the selection of Wadi Araba site, particularly through the elimina-
tion of the potential need for emergency disposal of effluent into

the Gulf of Aqaba.

It should be noted that the use of any portion of tha treated
effluent for commercial cultivaticn of agricultural crops preseuts

a potentially major risk to envirommental health, therefore, it is
essential that an understanding be reached between USAID and the
Government of Jordan which will result in a program of systematic
monitoring on & regular basis. Such an understanding should identify
the party resporsible for monitoring 2nd specify the form :nd interval
of monitoring reports. In addition provisions should be made to

for monitoring ¢f odor, insect and snail control activicies as out~
lined in the document reviewed. Copies of such menitoring reports
should be provided to ny office for inclusion in the files.

cc: GC/NE, S. Carlsom
USAID/Amman, R. Cline, Missicn Envircnmental Officer
USAID/Amman, J. Cassanos, Sanitary Engineering Advisor
USALD/Amman, G. Davidson, Regional Legal Advisor
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