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Chapter 1

INTRODUCTION

1.1 Background

On 11 March 1981 the WASH office received Order of Technical
Direction (OTD) No. 31 from the USAID Office of Health (see Ap-
pendix A). The OTD was issued in response to requests from the
USAID Mission in Jordan for assistance in developing wastewater
treatement guidelines.

WASH consultant Harris F. Seidel visited Jordan from March
22 to April 6, 1981, during which tinne he reviewed preliminary
engineering reports for three large scewerage projects, partici-
pated in a roundtable conferen:e, visited the major population
centers, and drafted guidelines for wastewater treatement prac-
tice appropriate to .Jordan.

1.2 Scope of Work

The following was the Scope of Work to be undertaken under
OTD 31:

“(a) The consultant will review and evaluate the feasibility
studies and designs for all wastewater treatment plants
and processes under consideration by the Government of
Jordan (GOJd) in a general way for appropriateness to
Jordan. In addition to first cost, special attention
will be devoted to ease anl c¢ost of operation and main-
tenance in Jordan. These woul:d include Irbid, Aqaba,
Zarqa, Rusecifa and the plants being recommended in the
feasibility studies for Greater Amman and nine smaller
towns;

"(b) He will develop the basis for guidelines by participat-
ing in a roundtable conference with Jordanians and con-
sultants selected and invited by the National Planning
Council (NPC);

"(c) He will prepare an outline of the guidelines to be re-
commended for NPT roeview and comments. The consultant
shal’. then prepare a final report containing recomnen-
daticns. The recommendations shall be supported by ob-
servations aind information pertinent to Jordan and its
conditions."



Chapter 2
GENERAL RECCMMENDATIONS

2.1 General Concepts

1.

2.

These are intended to be guideiines, not standards, for
all of Jordan.

It is not considered appropriate to try to sot any
fixed rule or target for wastewater treatment such as
"secondary treatment in all cases" or "50:50 effluent
from all plants.”

To sct any fixed standard igncres the obligation to
lock at each individual situation in terms of

- objectives,
- Justification, and
- financial capability

and to make a judgment on the practical balance of hu-
man, natural (witer), aand money resources which wouldl
take full advantage of favorable local conditions.

Jordan has many environmental characteristics which are
advantageous for wastewater trcatment. The warm, sunny
climate and long, dry seison make oxidation ponds and
sludge drying beds attractive. These are low-energy,
non-mechanical treatment methods. Also, the topography,
scope, and location of most cities on high grcund pro-
vide the chance to use gravity flow methods and save
pumping costs.

Simpler technology is highly recommended. Simple treat-
ment process are usuilly easier to understand and con-
trol, are reliable, and have lower operating costs,
Even at somewhat higher unit costs, a plant that works
is worth two that «do not.

2.2 Degree of Treatment

1.

2.

Primary treatment is a "given."

Conventional secondary treatment (approx. 85% + remov-
al) should be justified in each case where it is vused.
Why is it needed? 1s secondary treatment needed =t the
start, or can it be added at a later stage? Is tnere at



lecast a general judgment that the benefit/cost balance
is favorable?

Advanced secondary treatment (approx. 90-95% + removal)
should be subject to rigorous evaluation as to need and
benefit. In this performance range, each additional
percent of removal costs much more than the one just
before!

Tertiary or advanced wastewater treatment are not re-
commended at this time. "Super-treatment," such as fil-
terinz and various sophisticated physical-chemical
methods, should he l1eft as a challenge for the next
generation.

Wastewater Treatment Sequence--A Summary

1.

2.

First, look @t the possibility of ponds.

For a small city, the historic Imhoff tank may be ap-
propriate with trickling filter for secondary treat-
ment. Sludge digestion is iacluded in the tank.

The trickling filter now (again) has important advan-
tages over activated sludge.

Very high performance is possible with the coupled pro-
cess (trickling filter-activated sludge). If the ini-
tial design of a trickling filter plant leaves room for
it, the later addition of activated sludge can be a
beautiful example of staging.

Effluent aeration is fine if done by gravity cascade
but not worth the expense of mechnical aeration.

Ef fluent chlorination is costly and is generally inef-
fective. Unless the effluent has been treated to reuse
standards, chlorination can give a false sensc of se-
curity.

Solids Handling Sequence--A Summary

1.

2.

Avoid producing sludge if possible., This can be trans-
lated as: Look at ponds first.

Avoid sludge thickening if possible; waste activated
sludge usually requires thickening; trickling filter
sludge usually does not.



3. Anaerobic digestion has a great advantage over aerobic
digestion at current power costs.

4, Except fo— small plants, digesters should always be
provided in two stages for flexibility and better con-
trol of digestion.

5. Provide open sludge drying beds if possible; sludge
storage ponds can be used as a wet season backup.

6. Methane gas produced by the sludge digestion has vilue
for plant heating needs.

7. The use of methane gas for nn-site power generation is
practical and economically ‘ttractive in larger plants.

8. Sludge is a resource which should be return=4 to the

land. Its fertilizer value is small, but it is a valu-
able soil conditioner.

2.5 Appropriate Technology

In the March 1981 issue of Civil Engineering - ASCE, Francis
Montanari emphasizel the importance of using methods and systems
that best fit local situations. Appropriate technology is cost
effective; it is simpio enough so that th2 system can be built,
operated, and maintainei by local people who already have the
necessary skills.

This does not require inventing new technology nor does it
mean returning to primitive, out-dated methods. Rather, Monta-
nari describes it as "innovative applications of proven tech-
nology." Another way of putting it is: " Keep it simple."

2.5.1 Trickling Filters and Activated Sludge

For a studenai ol the history of wastewater treatment the
story of these two methods is a gold mine. The pendulum of
development and popularity has alternated betweea them. The
chronology goes something like this:

1900 + - Invention of the trickling filter
1914 - Invention of the activated sludge process
1936 - Development of the high-rate trickling

filter--a genuine "break-through"



1950's,

1970's

1980's

1960's - Development of many advanced methods of

activated sludge, eclipsing the trickling
filter

- New plastic filter media and rising en-
ergy costs for aeration have turned the
spotlight back to the trickling filter.

- The most interesting recent development
has been the trickling filter-activated
sludge "coupled system" which can produce
higher efficiencies than either process
alone.

The modern trickling filter (or oxidation tower) now has im-
portant advantages.

It is simple because it just keeps on working.

Power cost are low because power is used only for
punmping/recirculation.

The sludge is much easier to deal with.

Plant effluent usually has a good dissolvel oxygen
level.

Disadvantages are that the efflueat quality is not as good
as can be obtained from conventional activated sludge and the
reduced efficiency caused by low winter temperatures (which are
not ihat low in Jordan).

2.5.2 Project Staging

Successful management of a water pollution control program
involves balancing many factors including:

When it

money

population with access to water supply and 1load
growth

Iinances

need for treatment; effect on receiving stream
capital and operating funds

plant operation skills levels

is not possible to do everything for everyone at

once project staging becomes important. In some situations pri-
mary.treatment is enough for an initial stage. This may not be
possible throughout Jordan. However, in many cases conventional



secondary treatment should be adequate for a first-stage pro-
Jject.

It is interesting that the trickling filter-activated sludge
brocess 1is ideally suited for this; trickling filters will pro-
vide good secondary treatment, and the activated sludge addition
can come later as needed. The best way to summarize the staging
approach is to use the familiar example of first we crawl, then
walk, then run; eventually, we are ready for the Olympics.

2.5.3 Water Conservation via Toilet Technology

The introduction of modern sanitation systams usually brings
with it the indoor flush toilet, where it does not already
exist. VWhere it is already installed its use tends to increase.
Sewers, therefore, result in hizher water use if the water is
available -- sometimes dramatically higher water usa.

In the western world the flush toilet typically uses 20-25
liters per flushing. Studies indicate that this amounts to 40
percent or more of total domestic water use. Campaigns have
begun to reduce this amount. For example, New York State has
recently enacted a law requiring that all new flush toilets
installed after a certain date must be designed with a limit of
approximately 12 liters per flushing. Perhaps the Government cf
Jordan can take control and miintain control of such aspects of
water use at this early stage in sewerage development.

It is worth noting that every liter not flushed to the sewer
(and treated) does not have to be pumped from a water source in
the first place. It also represents an electric power saving all
the way through the water supply/wastewater treatment chain.

2.6 A Decision Sequence foir Wastewater Treatment

"There are no simple solutions--only intelligent choices."

Choice No. 1: Arec sewers necessary? 1Is the cesspool system
functioning adequately? Is the groundwater supply being pol-
luted? Can the existing system be improved enough to provide ad-
equate public health protection? Building a sewer system may
simply move a problem from the city to some ncint downstraam.

Choice No. 2: 1Is treatment necessary? From the standpoint
of decency and wiler resource protection, the answer in Jordan
today appears to be: "Yes, at least primary treatment is nec-
essary."




Choice No. 3. Is_primary treatment adequate (35%/65%+)?
What are the benefits of more than primary treatment? To whom or
to what? What is the natural recovery ability of the receiving
stream or wadi, and what use will be .nude of the water? Is pri-
mary treatment an inteliigent first stage, followed by further
treatment when the load increases or when justified by stream
usa?

Primary treatment alternatives

- Oxidation ponds (yes, this is more than primary
trcatment)

- Imheff tank with sludge drying beds

- Conventional primary treatment; screen/grit/pri-
mary setting/sludge treatment

Choice No. 4: 1Is secondary treatment adequatec (85%+)?
Wustewaters in Jordan are now very strong, in the range of 800
to 1,000 mg/1 BOD and suspended solids. This means that a re-
Juction of 85 perceat can still leave wastes of 120 to 150 mg/l
discharging from secondary treatment facilities. Clearly, this
raises questions about the need for even more treatment.

Again, what are the benefits? To whom or what? At the very
least, there should be a time lag or staging period to allow
observation of secondary treatment performance and downst.-eamn
conditions. The financial side of stazing =must also be consid-
ered when venturing into higher degreces of treatment. Costs
increase very rapidly for advanced troatment while benefits may
not.

Secondary treatment alternatives

- Oxidation ponds, various combinations

- Imhoff tank followed by trickling filter

- Conventional secondary treatment; screen/grit/pri-
mary settling/biological process/secondary scttl-
ing/sluldge treatment. The biological process can
be activated sludge or trickling filters; both
have many variations of load, staging, recircula-
tion, media, arration, etc.

- Rotating bio discs

Choice No. 5: 1Is advanced sccondary treatment necessary
(90-95%+)? The same questions should be asked but with even more
rigorous standards of justification. In this range, capital and

operating costs rise with every additional percent of treatment
efficiency. Will the benefits increase proportionately?

-7~



Advanced secondary treatment alternatives

- Oxidation ponds with long storuage capacity

- Extended aeration; usually 24 hour detention time

- Oxidation ditches; the "race-track" system

- Conventional activated slwlge systems with very
long aeration times

- The coupled system, trickling filter-activated
sludge, which is well adapted to stagiug and has
very high performance potential

2.7 A Decision Sequence For Solids Handling

Solids handling is the mosc un:ilerrated part of the treatment
process. The cost of dealing with sludge can be fully half of
the totul process cost, and the probleas in solids handling can
far outweigh all others combined. The main problem with sludge
is that, just lik2 statistics, once you collect it, you have to
do something with it.

Choice No. 1l: Can sludge production be avoided? Yes, by
stuaying with oxidation ponds wherever and as long as possible.
Even though sludge may have to be removed at long itnervals, it

is well digested and stablized.

Choice No. 2: Can digesters be avoided? Yes, but at a price.
Extended aeration and the oxidation ditch produce sludge which
has already received aerobic digestion. That sludge can be set-
tled, thickened, and dewatered, if necessary, for final dis-
posal. The historic Imhoff tunk includes a digestion compartment

as a lower stocry within the tank structure.

Choice No. 3: Should the methane gas be used for on-site
power generation? Yes, no, and maybe, depending on many fac-
tors. Power generation requires 24-hour attendance at the plant
and sufficient techaical competence of the maintenance staff. An
auxiliary fuel supply is neceded as well as an outside power
connection for backug.

As a very general ruie of th.ib, a power supply for a popu-
lation of 100,000 should casily justify power generation at pre-
sent energy costs. It might be moure practical to defer generat-
ing equipment until sufficient gas is actually available rather
than include it in the initial plant construction.

Choice No. 4: Can sludge drying beds ke used? Where space
is available, sludge drying beds should be a very practical and
economical solution in Jordan's climate. The mechanical sludge
dewatering procesc normally re: " res power and chemicals and




produces a potent filtrate liquor which must be returned to the
wastewater stream at some point. Drying beds fit the framework
of appropriate technology.

Choice No. 5: Can the sludge be returned to the land?
Sludge has only a small fertilizer value (less, if digested) 1in
terms of N-P--¥. However, it is valuable as a soil conditioner
and soil builder. It helps to open up tight clay soils and will
improve the moisture retention of sandy soils. If landfilled or
burned, there is no recovery of this useful resource. Composting
with other solid wastes has been technically successful but too

costly to be practical.



Chapter 3

GREATER AMMAN SEWAGE TREATMENT PRELIMINARY STUDY

3.1 Scope and Summary

The following comm=:nts and suggestions are made after brief
review of the Daniel, Mann, Johnson and Mendenhall and James .
wonigomery CJMM/DMJM) reports available and a visit to the Ain
Ghazal treatment plant. Proposed locations of the Suburban
Projects were not visited in the limited time available.

For Ain Ghazal, it app=ars that the consulting engireer has
done &z competent, professional job of preparing alternatives.
Expanding an existing treatment plant is always more difficult
and challenging than planning a completely new facility. This is
especially truz when the site is as severely limited in size a:.d
shape as this one.

Of the two principal alternatives, Montgomery recommends
conventimal activated sludge (AS) for cost reasons. However,
the report does recognize the advantages of the trickling fil-
ter-activated sludge (TF-AS) method. Among these advantages are
the ability to absorb sudden changes in load and lower power
cost. This ro2viewer suggests another look at the TF-AS process
in light of new information. If the cost comparison is then
reasonably close, the TF-A3 1lternative should have top ranking
as the most appropriate.

Of the eignt Suburban Projects, four are planned as total
containment ponds; and four are activated sludge variations. The
latter were selected in preference over the alternative of lined
total containment faculative ponds -- an alternative recognized
to require large land areas. Here again reconsideration of other
methods 1is suggested, including pond alternatives which would
require far less land and which would be designed for effluent
discharge.

3.2 Ain Ghazal Treatment Plant Design Criteria

Montgomery cites the following requirements for a treatment
procass:

- provides a high quality secondary effluent

- minlmizZzes energy consumption
allows space at the agtp site for potential future in
creases in the quality of treatment

- provides a system which is relatively simple to operate
and mairntain

-10-



These criteria ace considered to be waell chosen, well stated,
and appropriate for this study. The consultant has done a com-
mendable job of applying them in developing proposals for ecx-
pansion of this very limited plant site.

3.3 TAl - Conventional Activated Sludge

This design goncept is based on the "ultimate" flow projec-
tion of 96,000 m“/day at this site in the year 2000. The design
1s somaewhiat conservative in that 10 to 15 hours aeration time is
provided. Five hours final settling time is provided becauce of
the light, flufty =<olids to be removed at this site. The report
also makes special note of the need to maintain a high solids
content in the acration tanks because of the unusual strength of
the waste being itreated.

~11-



Chapter 4
IRBID SEWAGE TREATMENT PLANT PRELIMINARY DESIGN

4.1 Scope and Summary

These comments are provided after a brief review of the Wes-
ton International reports on the Irbid project but without any
discussion with Weston personnel.

In the initial project reports weston evaluated five mechan-
ical treatment plant alternatives and four pond treatment alter-
natives at four possible sites. Project staff came away con-
vinced that extended aeration was the answer and held to this
decision even after restudy with adjusted power rates. one of
the key factors in this choice was the initial decision to de-
sign a final effluent standard of 30 mg/1 BOD and 30 mg/l sus-
pended solids, a plant efficiency of 96+%

The choice of extended aeration is not appropriate in this
instanze. Tt is not a particularly complex process, but neither
is it simple. Power use is very high. It would be very difficult
to justify the use of this process for this large a plant. In
current vernacular it is simply not "appropriate technology.”

The pre-set goual of 30:30 effluent is also inapprcpriate.
Although it is a very desirable long-term objective under
present conditions the principal beneficiary would be the Wadi
Arab, at high cost.

Specific recommendations are as follows:

- Take a second serious look at ponds. This should pre-
ferubly be by someone who thoroughly understands ponds.

- If ponds are finally judged to be impractical for
irbid, turn to conventional mechanical treatment. The
trickling filter type of plant would appear to be most
practical. It should be designed for addition of acti-
vated sludge later to achieve higher performance.

4.2 Weston Preliminary Reports

4.2.1 Initial Alternatives

In Weston's preliminary reports (March, Auzust, and November
1930 and January 1981), five types of essentially mechanical

-12-



treatment plants were evaluated. For these, primary considera-
tion was given to site one, adjacent to the municipal slaughter
house on the northwest side of Irbid. Those alternatives were
identified as mediuam technology (MT).

Consideration was also given to four types of oxidation pond
treatment., For these types primary consideration was given to
site three, a sloping areca of open fields approximately one
kilometer north of site one. these alternatives were identified
as low technology (LT). In either case, discharge of treated
effluent would be to Wodi Hamam, which in turn enters wadi el
arab several kilometers downstream.

4.2.2 Mechanical Plants

Extended aeration was initially recommended as the least
cost alternative able to mcet the high quality of effluent stan-
dard (30:30). Simplicity of the process was also given as a jus-
tification for this choice.

txt2nded aeration is only partly "simple." It can be
considered a "no-decision" process since the waste is simply
held, mixed and aerated for 24 hours in an apparent effort to
wear it out. Organic matter is stabilized and solids receive
aerobic digestion in the aeration tanks. However, power use is
very high and usually the operator has no choice but to run the
equipment continuously. Equipment maintenance and sludge
handling from the process are not simple.

The January 1981 restudy of the initial and several new me-
chanical treatment alterna2tives took into account the new power
costs. This restudy showed that exteadied aeration is no longer
the least cost alternative on a total annual cost basis. On a
cumulative pres:nt wo:th basis, it is in fact now the highest
cost alternative, still based on the 30:30 effluent standard.
However, Weston Lolds to the recommendation of extended aera-
tion, based on efflu2at quility and suggests a power subsidy to
offset its high cost.

Ponds

The reports available provided very little information on
the pond proposals. No desiga criteria were given, except for
the facultative ponds, LT-1. Therefore no judgment can be made

on land arcas specified for the other pond alternatives.

In some respects the pond alternatives appear to be over-
designed and over-costed. Capital and power costs for aeration

-13-



appear unreasonably high. LT-3 is follouwed by slow sand filters.
LT-5 and -7 are provided with final clarification and sludge
drying beds. In fact, the estimated drying bed costs are 75
percent of those for the mechanical plants. Labor cosls for the
ponds are also generally about 75 percent of those for th. wqe-=
chanical plants which is incredible.

The January 1981 restudy with new power rates indicates that
LT-3 (anacrobic/aerobic ponds) is approximately equal in cost to
extended aeration. However, when population figures for Irbid
were revised downward to 74 percent of earlier estimates, pond
land areas and costs were never adjusted accordingly. Such an
adjustment for LT-3, for example, would mean 0.5 million Jor-
danian Dinars less for land purchase and lower total annual
costs.,

Even in the weston approach a pond method now becomes the
least cost alternative after all these adjustments are made.
This conclusion does not dictate that a pond shall be built for
Irbid. However, it finally does confirm the conventional wisdom
that a pond will always cost less than a mechanical plant. To
disprove this contention would require some strange circum-
stances.

4.3 Current Status

4.3.1 Choices Now

Where to go from here? That is the question. The following
two alternatives ar2 suggested in order of choice.

1. Turn back and take a serious careful second look at
ponds.

2. If ponds are then finally judged to be impractical,
proceed with a mechnical treatment plant other than
extended aeration.

4.3.2 The Pond Approach

One approach could be to purchase the proposed site one,
construct a pumping station there, then also purchase 20 to 30
hectares at site three and begin construction of a pond systein
there. Here is where imagination and ingenuity could enter ia.

Construction could begin with anaerobic cells, followed by
facultative ponds, in series for best results. As the populiiion
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load increased additional ponds and aerators could be added,
drawing on experience gained in actual operation. The slope of
the site would lend itself to construciion of a series of ponds
at decr2asing elevations.

How large a poplation might such a system serve? By the Wes-
ton analysis a population of 265,000 could be servad by an an-
aerobic/aerated pond system requiring 20 hectares in total area.
This may be beyond the practical limits of ponds for irbid, but
it does provide sone perspective on capuacity of this method.

Later, when ponds are no lonzer the answer, a mechanical
treatment plant can be built on site one (already ownad) and
the pond area can be converted at moderate cost for sludge dry-
ing beds just as proposed in the weston plans for development of
site one. If sludge drying beds are out of style when that hap-
pens, site three can be sold for other development -- probably
at a handsome profit!

4.3.3 The Mechanical Approach

This approach would involve purchasing site one for a con-
ventional mechanical plant and purchasing needed land north of
Wadi Hamam for sludge drying beds as proposed by Weston.

The plant design should be as simple and reliable as possi-
ble. Emphasis should also be placed on low energy requirements
and low overall operating costs. These criteria are best satis-
fied by newv dternative six in the Weston restudy dated January
1981. It is supggested thar the activated sludge step shown be
deferred until clearly justified. Obviously the initial plant
design should provide space and hydraulic room for including
activated sludge process later.

The plant design concept would then consist of prelininary
trecatment, primary clarifiers, trickling filters, final clari-
fiers and discharge. Slud~e would be pumped to two-stage
anerobic digestaers, follower by open drying beds. Sludge thicke-
ning should not be necessary. Cascade re-acration could be pro-
vided if hydraulics permit; mechnical re-aeration could not be
Justified. Note that the gas engiuc-geonerator installation is
21so deferred until the load builds up enough to justify on-site
powver generation.
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Chapter 5

ZARQA SEWAGE TREATMENT PLANT PRELIMINARY DESIGN

5.1 Scope and Summary

The following comments are the result of a rather brief

w4y of the preliminary reports and design calculations for the

-ti 31 plant followed by the meeting with MPI representatives and

NPC staff on March 31 for more detailed discussion of the design
concept.

As an overall judgment the design concept is considered to
be good. The unit treatment process methods used are well-proven
and establisned. None would be considered very complex or sensi-
tive. Operating control should be relatively simple. Staffing
requirement will be reasonable and power costs relatively low,
Good use is made of the advantages of climate and slope of the
site. The use of methane gas for power generation is strongly
encouraged and should provid= a1 good financial return. The me-
chanical and electrical equipment for this energy recovery, and
in the rest of the plant should be well within the capability of
local technical talent to operate and maintain properly.

It is specifically recommended that:

- chlorination be entirely eliminated

- the size of sludge drying beds (individual beds, not
total area) be reduced

- there be an outside power connection for standby power

- MPI be requested to take another look at depth of the
trickling filter towers

- GOJ 1insist on adequate piping to provide operating
flexibility rather than the rigid isolated "train"
system first proposed by MPI.

5.2 General Aspects

5.2.1 Site Space

This site had good 1location and topography. If the 28
hectares are purchased as proposed, there will be plenty of
space for sludge drying beds up to the year 2000. After that,
additional treatment structures can be placed in the sludge
drying area which would be sufficient to meet projected
population and industrial growth up to the year 2020.
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5.2.2 Staging or Phasing

The initial construction will consist of two each of the
principal treatment elements. A third unit of each can be added
as nceded then a fourth, fifth, etc. this approach makes good
sense from the financial as well as operating standpoint.

5.2.3 Flexibility

The design concept is based on separation of the plant units
into individual "trains" (primary clarifier, trickling filter,
secondary clarifier) in such a way that if one of the units in a
train is out <ervice, the entire train is out of service. More-
over, there is no provision for "cross-over" between trains.
This lack of any flexibility will create an operating problem
and will result in serious sho:k loads on the Zarga River eveary
time any unit has to be taken out of service. The consulting en-
gineer MPI has agreed to revise the design to provide some addi-
tional piping and flexibility.

5.2.4 Hydraulics

Cemplete gravity flow-through is not possible at this site,
and pumping to the tri~ckling filters is a necessity. One point
which was overlooked during the discussion on March 31 is the
relative setting of the filters. It appears that they could be
pluced several meters higher in s2slevation. This modification
would in turn provide several meters additional fall at the
effluent end of the plant for cascade aeration if desired.

5.3 Liquid Flow Sequence

Screens

The design is considered appropriate and no comment is of-
fered.

Grit Removal

The dzsign is considered appropriate and no comment is of-
fered.,
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Flow Metering

A single master flow metering channel such as a Parshall
Flume could be provided somewhere ahead of the primary clarifi-
ers. Such a channel is proposed for measuring plant effluent
discharging to the stream. Either one is accepteable.

Pre-chlorination

Very 1little, if anything, will be accomplished by this
technique and it should he eliminated.

0Oil and Grease Removal

This step was not included in the original design concept.
however, based on experience and observation at Ain Ghazal, MPI
has decided to provide an o0il skimming and removal arrangement
ahead of the primary clarifiers.

Primary Clarifiers

The primary clarifiers are designed rather conservatively.
That is, they are somewhat larger than might be necessary. This
is not a crime. One reason was so that the primary and secondary
clarifiers could be essentially alike for economy of construc-
tion and conformity of equipment. One way to take advantage of
this would be to omit the primary clarifier when the third
treatment train is added. The resulting settling time of approx-
imately 1-1/2 hours should provide enough primary removal ahead
of the more efficient biological treatment step.

Trickling Filters

A long discussion on this subject yielded no result. MPI
remains adamant that the proposed design depth of 36 feet for
the plastic media tower is the least cost design. However, MPI
recognized that the justification is highly theoretical and only
actual operatinz experience will yield the answer. The 36 feet
depth is pushing formula too far, and a safer depth would be
perhaps 30 feet. This depth would require more media volume and
more recirculation (by the formula) but six feet less pumping
head forever after. However, it is also reccognized that only
operating experience will yield the answer.
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Second Clarifier

The design is considered appropriate and no comment is of-
fered.

Post-chlorination

Chlorination of sewage effluent of this strength is very
costly and cannot be really effective because of the ammonia and
solids contents of the effluent. Another aspect is the delusion
that something is being done to guarantee the health of all
downstream water users and lettuce lovers. Actually this objec-
tive will not be achieved. For all these reasons, chlorination
should be eliminated from the design.

Aeration

Design proposals have included either cascade or mechanical
aeration, depending on how much elevation remained available at
the effluent end of the plant. Cascade aeration is encouraged if
possible (see comment on Hydraulics). However, the cost of me-
chanical aeration is definitely not justified by the small tem-
porary gain in dissolved oxygen and this should be elimineted
from consideration.

5.4 Solids handling Sequence

Primary Digesters

The design is considered appropriate. This reviewer commends
MPI for providing a ground-level side access manhole for easier
entry and cleaning the digesters, both primary and secondary.
One important addition to the mixing system proposed would be a
time clock control of the external mixing so that pumping could
be intermittent, with a saving in power.

Secondary Digesters

The design is considered appropriate and no comment is of-
fered.

Supernatant

Digester supernatant is a very strong waste in itself. The
design proposes returning it to the pumping wells for direct
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application to the trickling filters. It would be preferable to
have a side treatment system for the supernatant before it is
returned to the main flow sequence. However, this can be added
later depending on actual operating experience.

Sludge Drying Beds

The drying beds pronosed are far too large, not in total
area but individually. The sludge draw-off to fill one bed of
122 m » 15 m area would be approximately 570 mv, which is too
much to draw from a digester at one time. Also the entire sludge
drying and disposal operation will be much more flexible and
convenient with perhaps four to five times as many smaller beds.

Electric Power

The design concept calls for complete power self-suffici-
ency, isolated from the electric power authority. Power was to
be provided solely by one of two dual-fuel diesel engine-genera-
tor sets. After discussion MPI agreed to review the physical and
economic aspects of an outside power connection as the standby,
rather than additional engine-generator capacity. The outside
power connection is sirongly recommended as well as negotiations
toward eventual synchronized on-line service through which the
treatment plant could deliver excess energy to the power au-
thority. There is no question that power generation from methane
gas will be financially attractive. The most efficient operation
could probably be achieved by instilling two smaller units (such
as one 150 kilowatt and one 299 kilowatt) rather than one 350
kilowatt engine-generation set initially.

-20-



IX A
Camp, Dresser & MCKes, Inc.
WASH PROJECT

MAR 11 1381

MEMORANDIU March 11. 1981

Water and Sanitation for Héalth (WASH) Project
Oorder of Technical Direction (OTD) Number 31

TO: Mr. James Arbuthnot, P.E.
WASH Contract Przcject Director

FROM: Mr. Victor W.R. Wehman, Jr., P.E., R“./O(})D

AID WASH Project Manager

SUBJECT: Provision of Technical Assistance Under WASH Project Scope of Work
for USAID/Jordan -

REFS: A) Memo Mohn/Arbuthnot, 23 Feb 81
B) Arman 1269, 19 Feb 81
C) State 40927, 18 Feb 81
D) Memo Arbuthnot/Mohn, 3 Feb 81
E) State 24987, 31 Jan 81
F) Amman 00594, 26 Jan 81
G) Amman 08393, 18 Dec 81
H) Amman 08230, 11 Dec 81

1. WASH Contractor requested to provide technical assistance to USAID/Jordan
as per Ref. C and Ref. B.

2. WASH Contractor/sub-contractor/consultants authorized to expend up to 33
person days efforts over a three-month period to accomplish thi: technical
assistance.

3. Contractor to provide draft final (typed) report to mission beiore leaving
mission. Final report due DS/HEA and mission with 30 days of consultant
leaving Jordan.

4. Contractor to coordinate directly with USAID/Jordan, with M. Tom Pearson
(See Ref. B); with Jordan AID desk officer (as appropriate’; with NE/PD/ENGR,
Mr. Montanari; and with NF/PD Project Officer, Ms. Morn (as appropriate).

5. WASH AID Project Manager recommends that WASH Contractor use technical
assistance personnel recommended by mission and NE/PD/ENGR for this effort.

6. WASH Contractor authorized to allow consultant to make one (1) internatioral
round trip into and out of Amman, Jordan to his/her home base throush
Washington, D.C., as appropriate, during the technical assistance effort.
Consultant should definitely come o Washington for briefinpg hefore
consultation and debriefing after consultation.
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7. WASH Contractor authorized up te 29 days international and dorestic per
dien to acconmplish effort.

8. UASH Contractor authorized local Jordan travel as necessary to ensure
consultant acccnplishes mission.

9. WASH Co .tractor authorized secretarial services. xerox services, grapnic
services, and miscellaneous expenses as necessary to accomplish miss:on.

10. Supgest consultant periodically phone contractor to report progress at
suitable intervals tn ensure consultant adequately backstopped in the
field.

11. Mission and coordination points in Washington should be contacted
innediately and technica'l assistance initiated as soon as possihle and
convenient to USAID/Jordan.

12. As this is a tean effort involving AID direct-hire staff, mission PSC
staff and WASH consultants, WASH consultant will report to Mr. Tom Pearson
(representing client) while inu-country or his representative and to WASH

Project Director whiie in U.S.

13. Appreciate your pronmpt attention to this matter. Good luck.

VWW:3ja:3/11/31
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DATE:

REPLY TO

ATTNOF:

SUBJECT:

TO:

UNITED STATES GOVERNMENT

February 23, 1980 memorandunl

NE/PD/SJILO, Andrea Mohm

Consultant for Wastewater Treatment Design Review, Jordan -
Harris Seidel

Mr. James Arbuthnot, WASH Project c/o DS/HEA

Atcached:

(A) State Cable 040927 of Feb. 18, 1981
(B) Amman Cable 01269 of Feb. 19, 1981
(C) Amman Cable 00594 of Jan. 26, 1981
(E) Amman Cable 08393 of Dec. 18, 1980
(D) Amman Cable 08230 of Dec. 11, 1980

The scope of work and schedule for Harris Seidel detailed in reference A
were approved by USAID/Amman in reference B. WASH should take the
action from this point. As Mr. Coulter is not available soon enough

for a Jordan assiznment, Mr. Seidel will be the only outside consultant
contemplated to be provided by WASH for this scope of work. Engineer
Jim Cassanos, USAID aad Mr. Montanari AID/W/ENGR will complete the
design review tear. (Reference C)

Note that proposed ETA Jordan for Seidel is March 20. He presently
plans to arrive in Washington, D.C. on March 18th and leave for Jordan
via London with Mr. Montanari on the evening of March 19th. In the
interest of efficient processing and coordination between the many
parties involved, you and I will need to keep in close contact so that
we both are aware of the latest developments. Should you need any
further documents to enable you to coutract Mr. Seidel, please let me
know.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
-23-
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MEMORANDUM
February 3, 1981

TO: Andrea Mohn, NE/PD \
FROM: James Arbuthnot, WASH Project c/o DS/HEA

SUBJECT: Harris Seidel, Proposed Consultant on Waste Water
Treatment Guidelines, Jordan

I asked Mr. Harris Seidel of Ames, Iowa, on 3 Feb. 1981, by
telephone, just what parts of a possible assignment to develop

waste water treatment guidelines in Jordan he would feel comfort-
able with.

The answer was that he would not want to review in detail plans
for sewage creatment works. He wouid prefer not to attempt to
answer questions as to whether settling tanks were sized properly,
or whether filters had the proper media. for instance.

On the other hand, Mr. Seidel said he would feel quite comfortable
providing an overview of plans for sewage treatment works with the
intent to recammend which types of treatment processes were suitable
for Jordanian conditions. Mr. Seidel is also accustomed to make
studies of financial feasibility for sewerage and sewnge treatment

works ,economic studies, and studies to develope affordable rate
structures for sewerage.

Mr. Seidel is available "late in March and in April". He would
not want to spend as much time as four weeks in Jordan. Mr. Seidel

was agreeable to working for Camp Dresser and McKee and the WASH
Project for $192.70 which is the maximm we can pay.

On its part Cump Dres<er and McKee, and the WASH Project would be
willing to provide the services of Mr. Seidel to the Jordan Mission,
upon request, and with the approval of DS/HEA, for work similiar to

that described in the third paragraphof this memo if this is desired
by the parties.

We would not want to provide the services of Mr. Seidel in Jordan for
review of details of designs of sewage treatment works.

JA:jml
cc: CIC Task #67

Victor Wehman, Project Manager
Harris Seidel
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PAGE 01 AMIMAN 083313 18142312 0415:9 AID6233
ACTI0ON AID-35
ACT!CN CFF ICE NEJL=-03 .
MFQ NEI3D-22 NZOP=-32 STa~-10 ENGR-02 CH3-C1 RELO-JI DAEN-01
MAST =01 /7924 A4 3
INFC OCT-31 <036 W
cemmcc e ==] 122686 18135322 /34

A 1909142 CEC 832
FAt AN BASSY AaMMAN
TO SECSTATSE WASHOC PRICRITY 9254

UNCLAS AMMAaN 06233
AlD0AC

E. Q. 12065: N/A
SUBJECT: WASTEZEWATER TREATMENT SYSTEM

REF: 1A} AMMAN 8337, \B) AMMAN 8237

1. FURTHIZIR TO REFTELS, WE NOTED THAT WE MAY NCT
MAVE EMPHASIZID SUFFICIENTLY THE RECUIRIMENT FOR
ASSISTANCE TO INCLUCE SCMECNZ TSCACUSHLY
EXPERIENCED IN OPEZRATING VaARZ CUE TYPZ3 OF TREATMENT
PLANTS FCR CVNSZ“‘R'NG CPERATICN AND ENVIRCNMENTAL

PRC2LIMS IN JCRTAN. AUUITICNALLY AFTZIR 3RIZF
CISCUSSICN WIiTh NPC ON THI SU2IESCT WwE ARE
INCLINZD TQ 8ELIZVE Tr:E EES? TECCICSLRI TO FCLLCwW
IS FCR THE EX=EST CESIZLY AT TEZA Rewizwy CE€ THE
EXISTING FZASI3ILITY STUTIES, FTC CCMI TO JCRTAN ANO
CONOUCST A QCUND TAZ2LZ CISCUSSICH CN TwiI3 MATTER
WITH GCJ CCONSULTANTS OTw~=3 GO. ADVISCAS PRISZINTLY
IN JCRDANMN AND ALL CINCI=ENEZ JCSOANIAN CF=i1ZIALS.

2. wE APOLCSGIZ2E FCR SINTING CUR CUEST TC YCu

IN WHAT MAY AFPPEAR T2 S5 A 21ICZviZAL FAS~ICN 3UT
AS IDZAS CCCuUl wg 2ZLISVE T will 8 HILPFUL TO
BCTH OF US TO CONVEIY TAEZM TO YCU. VELIOTZIS
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PAGE 01 acan 33238 t1nall 036537 A101216 Alnan 28333 1111420 936557 AID1216
aCTICE R10-)8 AE BEING COMSIDERED, USAIO BELIEVES TmaT, 1f Tue
aescccecuceacncrecsrnccseteemesratassansoesosestatococassoonee SSISTANCE 1S TO CE PACVIDED, 1T WEEDS TO BE PROVIDED
ACTICH CFFICE WEJL-2Y tn TME VERY IFTEOIATE FUTURE, WE WCULO aPPAECIATE
INFO XEPD-Q) NECP-0Y METC-J4 STA-1Q ENGR-91 CwuB-01 RELO-D) AID/Y CONPENTS anD ZUGLESTICHS.  UZAID ASZUNES YOU
DAEN-J1 MAST-d1 /028 A1 1t CAN REACH €3224n0S IF 10U WISH DISCUSS ABOZE VIIN
eescenccscaccacen D - mn, VELIOTES

INFO CCT-@1 /0)6 W

- B ey [T LIV IR e T
Q113362 3EC 10

FN AREPRASSY amman
10 SECSTA(E WASHIC PRICRITY 913]

URCLAS amnam 83220
A10aC

E.0. 12065:M/A
SUBJECT: NASTEVATER TREATRENT SYSTEM

1. USA.) AND MPC WAYE BEEM OISCUSSING CX A VERY
INFCRMAL BASIS THE XEED AND VALUE T0 CTASIOER
SCTANGSINIZATION® 67 PLANTS AnD PROCESSES FOR TRE
TREATEENT CF VASTEVATER. AS AI0/V AVARE TMERE ARE
CNLY Tu3 VASTEVATER TRESTRENT PLANTS IN JCADAN

= AMAN AND SALT -,

THERE 33F A NUPIER CF PROJECTS UNDER CCNSIOERATICY,
INCLZDI%G FEASIBILITY STUSIES FOR MAJCR CITIES 4KD
SMALLER LRL CITIES. NPC, nMnREA, VSC AND OTHERS

BRE NQY IN THE PRZCESS €7 RCVIEVING THE DESHGHS

FCA TuS PLAMTS AND CCHSISERING ALTERNATIVES PRESENTED
IN VIRICUS FEASIBILITY STUDIES, EACH COnsULTANT
RECC-NE%DS A DIFFERENT TYPE OF TREATRENT. SCNE ARE
CAPITAL INTENSIVE, MIGH TECHRCLCSY, RELATIVELY MIGH
CPEPATIZY CSST (INZLUIING POVIQ COSTH,  OTHERS

MOAE SIFPLIFIED EASY TO CPERATE. ALL AEECATEOLY
PROVICE THE SERE CUALITY 2F EFFLUENT,

KNOWV. £0CEABLE PECPLE TO EVALUATE and PRSVIDE EXPEAT
GUIBE%CE AND CPIMICK CW ALL OF TME ALTERNATIVES BEING
PRESENTED 70 THE GDJ &AE LIMITED. THEREFORE, 1T
MIGHT GE CESITABLE TO PROVIDE ASSISTANCE TO TME GOJ
IN TAE FCRM CF A STUDY CF TRE VARIOUS TYPES CF
TREATFENT PLANIS TO ESTASLISH $CPE SCAT OF CRITERIA
FOR BEST PEETING THE REQUIRERENT. SWCULD TNIS NOT

8 PRACTICAL,CR EVEN (F T IS, 1T MIGHT BE DESIRABLE
T0 PROVICE IFTEDIATE ASSISTANCE TO GOJ IN CCHSIDERING
THE OESICH SXO SELECTICH CF VARICUS PLANTS KOV BEVNG
EVALUATED BY THE GO0J. TMESE LCULD INCLUCE IRBIO, AQABA,
TARQA-RUSEIFA ANO TNE PLANTS BEING RECCSMENDED 1M TRE
FEASIBILITY STUDIES FOR GREATER Ammtan.

2. N ADDITICH TO THE ABOVE PLANTS, THE GOJ IS IN
THE PRCCESS CF COMOUCTING FEASIBILITY STUDIES Fri
FOUR CITIES In THE SCUTHERN REGICN OF JCRDAN ARD
WILL BE VERY SOCH RESUESTIKG PACPOSALS FOR A STUOY
COVERING FIVE CITIES IN THE MCRIN.

3. USAIO VCULO LIME TQ INVESTIGATE VAYS AND MEANS
GF PROVIOING SUCK SERVICES SO TMAT TMIS SUBJECT Can
BE OLSCUSIED FURTMER WiTW THE GOJ. WE BELIEYE THAT
TRE COMTRACTCR FCR TnE “WASH PROJECT™ VCULC BE MORE
APPRCPRIATE B THIS CASE Tham SEEXING ASSISTANCE
TRRCUCH THE 1GC RCITE. WE BELIEVE 1T 1S NECESIARY 10
ASSEIT GQJ TO ACSUSRE SERVICES CF A VERY MIGNLY
GUALIF'ED ENGINEER AnD POSSIOLY FInanClAL EXPEAT
PARTICULAALY SINCE GOJ ¢S INTERESTED im EVALUATING
TNE COST CF POVER ARD OTMER OPEMATING COSTS VERSUS
CAPITAL COST.

4. SINCE PROJECTS mAY BE OELAYED WILE ALTEANATIVES
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APPENDIX B

Itinerary

Locations Visited in Jordan

20 March
22 March

23 March

24 March
25 March
26 March
28-29 March
29 March
31 March

6 April

Arrived in Amman, Jordan

Amman, Ain Ghazal treatment plant

Suhweileh, Salt, including treatment plant;
Shu'eib reservoir; Dead Sea (a tourist stop);
Karama; Swaileh; Deir Abu Sa'id; Ajloun; Ein
Janneh; Anajara; Jerash

Irbid: Ramtha; Mafraq; Zarqa; Ruseifa

Madaba: Karak; Tafileh; Ma'an; Aqaba

Wadi Musa; Petra (a tourist stop); Shaubak
Roundtable confecence with NPC

King Talal Reservoir and Dam

Review of Z:rqua trceatment plant design

Departed Jordan
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APPENDIX C

List of Conference Participants (March 28,

1981)

Water Supply Corporation (W.S.C.)

Said Beno

Aref Boha - Eddin
Human Ghuneim
Erik Berg

Amman Water Sewerage Authority (AWSA)

Ahmed Hadidi

Jordan Valley Authority (JVA)

Basim Mar'i

Natural Resources Authority (NRA)

Royal Scientific society (RSS)

Hani Shaka'a
Arafat Tamini

University of Jordan (UQJ)

Fuad Hashwa
Elias Salameh
Gerd Foerch

fHdinistry of Agriculture (MOA)

Naji Haddadin
Salem Okour

Ministry of Health (MOH) Environmental Health

iMohamad Hussein Dajani
Hazih Shalbak
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Ministry of Municipal and Rural Affairs and the Environment

(MMRAE)

Engineering Department

Lutfy §. Theodossy
Ayoub Abdulsalam
Ali Abu Rabiha

Environmental Departrnient

S. N. Saadallah
Samch Gharaibeh

Ministry of Trade and Industry (MTI)

Ibrahim Kakish
Remon Halfeh

USAID

Harris F. Seidel (WASH Consultant)
F. W. Montanari (Washington)
Thomas A. Pearson

J.G. Cassanos

Albert Karian

Larry Brown

Edgar C. Harrell

Erick C. Harrell

Foreign Consultants:

VBB-Sweco
Kenneth Marelius
Bengt Froeman
Anders Gronvall

James M. Montgomery

Edward Shamieh

Malcolm Pirnie

Walter T. McPlhee
Martin Daly
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Local Consultants:

Consulting Engineering Center (CEC)

Aziz Abdo Sajdi

Mimar Consulting Engineers & Architects

Omar Nashashibi

Jouzy & Partners Consultants

Najeeb F. Tleel

National Planning Council (NPC)

Boulos Kefaya
Hussein Shafa'amri
Ferdose Shalibaz
Reem Bsiso

Sverker Skans

(Total of 44 participants the first day)
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List of Conference Participants (March 29, 1981)

Water Supply Corporation (W.S.C.)

Said Bene

Aref Baha - Eddin
Human Ghuneim
crik Berg

Amman Water Sewerage Authority (AWSA)

Ahned Hadidi

Jordan Valley Authority (JVA)

Basim Mar'i
Maher Shihabi

Royal Scientific Society (RSS)

Hyni Shaka'a

University of Jordan (UOJ)

Fuad Hashwa
Eliis Salameh
Gerd Foerch

Ministry of Agriculture (MOA)

Naji Haddadin

Ministry of Health (MOH)

Mohamad Hussein Dajani
Nazih Shalbak

Ministry of Municipal and Rural Affairs and the Environment

(MMRAE)

Lutfy S. Theodossy
Ayoub Abdulsalam
Sameh Gharaibeh
Ali Abu Rabiha

-35-



Ministry of Trade and Industry (MTI)

Ibrahim r¥akish
Remon Halfeh

C3AID

Harris F. Seidel (WASH Consultant)
F. W. Montanari (Washington)

Faud Salabi

Aled Sweis

Ablellah Ahmad

Thomas A. Pearson

James G. Cassanos

Albert Karian

Larry Brown

Edgar C. Harrell

Foreign Consultang§:

VB3-Sweco
Kenneth Marelius
Bengt Froman
Anders Gronvall

Malcolm Pirnie

Walter T. McPhee
Martin Daly

Locul Consultants:

Mimar Consulting Engineers & Architects

Oaar Nashashibi

Jouzy & Partners Consultants

Najeeb F. Tleel

Sigma Consultants

Suleiman Tashmen
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National Planning Council (NPC)

Boulos Kefaya
Hussein Sttafa’'iunri
Sverxaer Skans

(Total of 41 participants the second day)
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