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SECTION 1

INTRODUCTION

1.1 GENERAL

This report is submitted as a part of the consulting
services assignment for the Technical and Economic
Feasibility Study and Final Design of Upgrading and
Expansion of the Wastewater Stabilization Pond (WSP) System
at As-Samra. The pond system was commissioned in 1985 with a
design capacity of 68,000 cu mid average daily dry-weather
flow. Current average daily flows are about 100,000 cu mid.

The Terms of Reference for the consulting services require
this report - Survey of Existing As-Samra Wastewater
Stabilization Pond System - to be a brief report of the
findings after only ~ months of work and to cover the
followings aspects of the existing WSP svstem:

lal A review of the design of the entire system,
including the headworks at Ain Ghazal Treatment
Plant (AGTP). pumping stations. transmission
lines, ponds and disinfection arrangements:

Ib) A review of the mode of operation:

(c) A review of the operating results:

Id) An assessment of the performance of the different
processes in the system and of the effect on
performance of such factors as season, temperature
and the chemical and biological characteristics of
the wastewater, including the effect of septage
that is being added at the AGTP headworks and the
Zarqa Pumping Station; and

(e) An Assessment of the experience with use of King
Talal Reservoir I KTR) water containing treated
effluent on irrigated agriculture in the Jordan
Valley.

If) A review of the environmental effects of the
system from the AGTP to the KTR.

1-1



I
I
I
I
I
I,
I
I
I
I
I
II
II

I'
I
II

I
I

I
I'

II

1.2

The findings of this Survey Report provide information which
will guide future development of the project. It also
provides suggestions on messures which could be implemented
quickly which will improve operations snd effluent quality.
However, it must be understood that the entire WSP sl'at_
(except for the sewer/aiphon, and the Zsrqa and aaahimi,.eh
Pump Stations) is alreadl' about 50 percent overloaded both
hl'draulicalll' and organicaill" The ponds were hydraulically
overloaded within two years after commissioning and
overloaded organically upon commissioning because of the
higher (850 mg/l BODs) loading rate than the rate used for
design (526 mg/l BODs). Therefore, in general, the
information obtained in this survey re.arding possible
errors in desi'n, lack of operational control, poor
performance or poor operating results will have no effect on
selection of an alternative expansion sl'stem. It vill also
be difficult to use these findings to sug'est changes in the
mode of operation or design to improve the perforaance as
the existing data were obtained from an overloaded sl'stem.
The findings can, however, be used to avoid the same
problems in the desi.n and operation of the expansion.

"The initial design objective of prc{viding treatment during
the expansion of the AGTP was cha~ed drastically during
construction of the WSP to accommodating flow from Zarqa and
Hashimiyeh and treating raw sewage from Amman (and
abandoning AGTP). Therefore, the WSP could not even
acco~modate this major increase in hydraulic and organic
loads from the population in 1985. The rapid increase in
population since commissioning and sludge transfer from
other plants have further overloaded the facility.

The findings of the survey are presented in the text of this
report. The major findings and the measures that could be
implemented quickly to improve operations and possibly
effluent quality are summarized hereinafter. Information on

-., . .. .. _ . ..... _. _.eet.s of t.he system
are covered in a separate volume of this report.

SYSTEM DESCRIPTION

The existing WSP system, as defined in the Terms of
Reference, is shown on the Figure 1.1. It is comprised of:

1. Headworks and septage handling facilities at Ain
Ghazal Treatment Plant (AGTP) site.

1-2
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WASTEWATER STABllUZATlON POND SYSTEM AT AS-SAMRA PROJECT

FIGURE 1.1
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2. 39 km long and 1200 mm diameter sewer/siphon from
AGTP to the wastewater stabilization pond (WSP)
system near Khirbet As-Samra (village).

3. Pump station at Zarqa, which discharges sewage
from Ruseifa and parts of Zarqa into the
sewer/siphon. The pump station incorporates
preliminary treatment processes and septage
handling faci! i ties.

4. Wastewater stabilization ponds near Khirbet
As-Samra is comprised of three "trains" of
anaerobic. facultative and maturation ponds.
followed by chlorination facilities for
disinfection. Layout of the waste stabilization
ponds at As-Samra is shown in Figure 1.2.

5. Pump station at Hashimiyeh which discharges sewage
from Hashimiyeh and other communities to the
wastewater stabilization ponds headworks.

For completeness. the scope of the report has been broadened
somewhat to include. the major effluent disposal system which
is the Wadi Dhuleil/Seil Zarqa watercourse into which the
treated effluent is discharged. the King Talal Reservoir and
irrigation of agriculture along Wadi Dhuleil and in the
Jordan Valley.
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2.1.1

SECTION 2

SUJWEY OF AMP HIADWOBKS
.Ym

SEWER SIPHON sysTEM

Design Reyiew

The AGTP headworks facilities were designed to
collect and pretreat sewage and septage prior to
entry into the sewer/siphon system. Designed for a
maximum peak wet-weather flow of approximately
148,000 cu mid, the collection system also
receives stormwater in addition to sanitary
sewage. Upstream flows in excess'of 170,000 cu mid
are diverted to Wadi Ain Ghazal (which flows to
Wadi Zarqa) by an overflow weir located in Manhole
MB2, just outside the southwestern boundary of
AGTP. The 1200 mm Rep sewer f rom ~IH 2 to the
headworks was designed to accommodate
200,000 cu mid flowing 75 percent fall.

Because of the long length (39 kml and inverted
siphon design of the sewer outfall piping, the
low-lying portions of the outfall sewer/siphon
connecting the AGTP headworks facility and the
As-Samra WSP are particularly vulnerable to the
R~cum'JIRtjnn of ~rR~h ~nd ~"Jiri ~~t~~i~l~. Qedu~~ri

I-I~V' ';lp~t:H''I rloJ.: Crlllfif)''''' :;; ~",~~r.b;t:.
conditions resulting in aggrav.ted treatability
and pipeline corrosion and unnecessary and
difficult maintenance along the remote outfall
pipeline route were all significant factors that
dictated the need for the AGTP headworks
facilities. Because of these recognized potential
problems, the AGTP headworks facilities were
specifically designed to remove trash from and
minimize settlement of fine solid materials
within the sewer/siphon system.

As designed, the AGTP headworks generally consist
of a screening and grit removal facility for
influent sewage and a collection, screening and
grit removal facility for septage delivered to the
site by tanker trucks.

2-1
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Influent sewage arnvlng at AGTP was desi,ned to
be treated by mectanically raked bar screens to
remove large solies and trash from the sewage,
comminutors to reduce the ai$e of solids not
removed at the screens and aerated grit chambers
to remove grit.

Mechanically raked bar screens with clear space
openings of 25 mm and comminutor$ were desi,ned to
be duplicated in two parall~l trains, each
designed for a peak flow ca~acity of 74,000
cu mid. A bypass channel with a.echanically raked
bar screen and hand operated slu~ce gates has been
provided for standby operatiQns, but was not
fitted with a comminutor. The screens are
controlled by differential healdloss as well as
automatic default timers. At th~ peak desi,n flow
of 148,000 cu mlday the design'freeboard of the
screening channels is 400mm.

Gri t removal fac il i ties are sim~larly configured
as two parallel trains of aerated tanks with
manually operated sluice gates t~ access a bypass
channel. The tanks are designed for spiral flow to
achieve the design hydraulic d.tenti~n time and
are fitted with fixed coarse bub~le ditfusers. The
tank sidewalls have not been constructed with wyw
walls which are generally co,sidered to help
direct air and liquid flow cr~ate the desired
"rolling· effect. G~it is colle~ted and lifted by
air pumps to a storage basin. It,is then pumped to
a grit ...asher and crclone. The! g'rit tanks were
also provided with a rotating SC\lm removal pipe.

The AGTP also includes faci~ities to handle
septag. collected from septic \anks in areas of
Amman ...-hieh are not connected to 'the sewer system.
Trucks discharge their contents ~o a channel which
conveys septage to screening and grit removal
facilities before joining the p~eliminary treated
influent sewage and discharge toithe sewer/siphon.
Because of the malodorous natureiof septage, these
facilities are housed inside buiildings from which
foul air is drawn and passe4 through a wet
scrubbing system for odor removal. The septage
screening facilities include ••Dually raked bar
screens and an aerated grit removal chamber.

The septage treatment facilities, include parallel
manually raked ba~ screens th.t feed a single
aerated grit remo':al tank. A<iration and grit
removal equipment is similar to ~hat in the sewage

2-2
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2.1. 2

treat.ent facility. No bypass, channel has been
provided for the septage screening or grit removal
facilities.

The septage handing facilities were designed to
receive up to 5,000 cu mId of s.ptage and flushing
water (screened sewage effl,ent pumped from
downstream of the preliminary treatment
facilities). This screened effluent is used as a
transport/dilution water to mo~e septage through
the septage treatment system.

The facility currently receives: over 400 tankers
of se.ptage per day. With a~ average tanker
capacity of 9 cu m, the total s~tage volu.e being
received is somewhat over 3,600 eu mId. Additional
septageflows can be diverted, atter screening and
grit removal, to a septage hqlding tank which
contains approximately 1,100 cu • volume.

The original design concept ~as to scree~ and
degrit all sewage flow and t.hen to divert a
portion (40,000 cu mId) to the existing AGTP
treatment plant for treatment. The AGTP facilities
for flow monitoring therefore consist of two
flumes mounted in series immediately prior to the
sewer/siphon. The system was originally designed
to allow flow from the headworkseto be measured at
the first flume and the treatment plant flows to
be combined and the total flow measured at the
second flume.

A review of the design drawings indicates that the
flumes were to be constructed as Parshall flumes.
However the dimensions shown downstream of the
throat do not conform in profile exactly to
standard Parsnal1 flumes.

Mode Of Operation

The current mode of operation has deteriorated
from the original design bec~use of facility
overloading, poor equipment ope~ation and related
problems aggravated by the ina~ility to maintain
process equipment. The screenin., comminution and
grit removal facilities ar. all typically
operating in the standby or bypass modes due to
inoperative equipment. As a re_ult, the primary
objective of the headworks, which is to prevent
the transport of solids to the sewer/siphon

2-3
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system, is marginally effective under optimum
operating conditions with the equipment available.
Evidence of substantial solids bypassing has been
verified by the observation' of large volumes of
unscreened solids that are removed at a, trash rack
immediately preceding the entrance to the
sewer/siphon system. The nearby slaughterhouse
often discharges offal directly to the headworks.
overloading the screens and contributing large
BODs loads to the system.

The mechanical screens have been reported to be
susceptible to jamming. The ,maintenance and
operation documents indicate that large articles
can be pushed down by the rake operation and
become trapped and accumulate at the base of the
screen. This condition appears to occur regularly
and results in frequent and long period of manual
cleaning. The operating conditions appear to
warrant mechanical screens capatle of higher
hydraulic/solids loadings and large solids removal
capability. Current F.~reen designs are available
to address these specific shortcomings.

The original design provided for comminutors to be
inst~lled after each of the mechanical screens. It
has been reported that these units were physically
removed shortly after the faci~ity was completed
due to frequent jamming and excessive maintenance
requirements. With the comminutors removed, all
stringy and coarse solids that pass through the
screens now pass directly to the grit removal
tanks and have the capability to overload and plug
the grit removal system and to be swept into the
sewer/siphon system. As with the screen design, it
appears that heavier duty units capable of more
rugged operating conditions are required to insure
more dependable performance and operation.

The grit removal system is not operated as
designed. Air diffusers appear to be broken or
plugged. It has been reported that the blowers
have never been disassembled for inspection or
maintenance. Blower operation cannot be verified
since discharge pressure gauges were not working
and no flow meters were installed. Air lift pumps
are reported to clog frequently I probably due to
t.he bypassing of large solids from the screening
facility. The condition of other in-tank equipment
could not otherwise be verified since no recent
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tank dewaterings have been performed. Flotables
are not removed as designed and are instead sent
to the W5P.

The submersible pump which was designed to deliver
transport water for the septage facility is
completely plugged with grit and other solids
carried over the weir. Transport water is not used
to move septage through the pretreatment system.

The aerated grit system in the septage handling
process requires continuous maintenance and breaks
down frequently. Repairs and cleaning are often
delayed or postponed because of high hydrogen
sulfide (8z5) conditions. Measurements of Hz5 in
the building verified this and also confirmed high
Hz5 at the exhaust stack of the odor control
system indicating that the system is not operating
properly. It appears that the system may be
overloaded, however without operational monitoring
instrumentation or chemical usage data no
definitive conclusions can be made.

Flow measurement is monitored only in flume no.2;
flume no. 1 is not used and the measuring
equipment is not available. Noticeable quantities
of Hz5 can be sensed at the turbulent discharge
zones of the flumes.

Performance

The present average dail)' flow of 100,000 cu mId
exceeds the design basis of 68,000 cu mId by 47
percent. Even though this flow quantity is less
than the peak hydraulic design of 148,000 cu mId,
~ustain~d r-igh :~~·d:-c.l:lic l(:~..~~ .~~s, not to mention
the additional current. peak daily loadings have
created unmanageable operating conditions with the
existing equipment.

Based on typical design loading criteria for
screens of 20 cu m of trash and 15 cu m of grit
per million cubic meters of wastewater volume, the
current average flows of 100,000 cu mId generate
an estimated 2 cubic meters of trash and 1.5 cu m
of grit per day. These volumes are clearly less
than the actual solids production and do not take
into account the untreated slaughterhouse flows

·which are not pretreated.
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Conse~vatively ext~apolated (on the assumption
that the facilities a~e ope~ating co~~ectly 50
pe~cent of the time and not including cu~~ent

~epo~ted peak flo~s of up to 170,00 cu mid), the
present ave~age daily flows of 100,000 cu mid will
t~anspo~t enough solids to the sewe~/siphon system
to filII. 7 mete~s of length pe~ day o~ 0.6
kilomete~s pe~ yea~.

While const~icted pipeline velocities should be
self-limiting to complete clogging of the
sewe~/siphon, it should be obvious that the
inefficiencies, and as obse~ved, lack of ope~ation

of the AGTP head~o~ks facilities pose a majo~

th~eat to the long te~m ope~ation of the
sewe~/siphon system.

The mechanical sc~eens a~eunreliable unde~ the
p~esent se~vice conditions. While the reported
jamming conditions can be remedied without damage
to the equipment. it appea~s that the present high
se~vice flows and la~ge volumes of trash to be
~emoved exceed the design capability of the
existing sc~eens.

To insu~e a high captu~e ~ate and prevent
blinding, typical th~ough sc~een velocities of
0.6-1.2 mlsec are commonly us~d for design. A
hydraulic analysis of the existing sc~eens based
on data f~om the design hydraulic p~ofile

indicates that at the designed peak flow of
148,000 cu mId designed sc~een velocities we~e

expected to be 1.~ m/sec.

Highel' ave"rage and p<'ak flo,"s agg~avated by highe~

than ave~age trash and solids loadings would
gene~ate highe~ velocities th~ough sc~een

openings. This appea~s to confi~m obse~vations and
~epo~ts of the high f~equency of clogging and"
jamming of the screens and solids bypassing
downst~eam.

The existing sc~eens can be kept in service, but
have and will continue to demand unnecessarily
high se~vice attention because of their inability
to effectively handle la~ge amounts of t~ash.

While this may be acceptable as a sho~t te~m

ope~ational st~ategy, it is not consistent with
the low maintenance design envisioned fo~ the
expanded wo~ks. Based on thei~ se~vice histo~y,
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mechanical screens designed for heavier duty
service and capable of removing large solids are
needed.

The comminutors were similarly under-designed for
the actual service conditions. Unlike the screens,
failure of the shredding mechanism of the
co_inutors creates an unacceptable headloss upon
blockage that results in ~acility flooding. Since
they could not be manually cleaned, the only
solution available was complete removal. This
remedy eliminated a needed unit treatment process
and aggravated downstream solida loadings.

As a minimum measure, heavier duty and larger
capacity comminution equipment is needed. As an
improvement to be included with an expansion, a
fine screen system should be evaluated to remove,
rather than "shred and pass on" • fine solids to
the sewer/siphon system.

The aerated grit removal facility is in disrepair
and appears to be operating consistently in the
bypass mode. Trash and solids passed on by the
lack of comminution and high solids accumulations
as the results of higher than designed hydraulic
loadings have aggravated operation by clogging
diffusers, grit collection hoppers and air lift
grit removal piping. Poor air supply and
distribution prevents the designed hydraulic
motion from forming within the designed tank
geometry to allow solids to drop out and also
reduces detention time. This has been verified
with observations of solids ·~~sh out" over the
effluent weirs.

It has slso been confirmed on several occasions
that more flow was being bypassed through the
facility than was being treated in the grit tanks.
The condition of the mechanical equipment and
piping in the grit removal tanks is not known,
however from observations of irregular surface
turbulence, it is expected that the diffusers are
either clogged or broken.

The condition of the air supply compressors is
also not known. Operations staff indicated that
the blowers have never been disassembled for
inspection of maintenance. Discharge air pressure
gauges do not appear to be functional. It should
be assumed that major rehabilitation of all
mechanical system is needed.

2-7
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Aerated grit removal can be a highly efficient
unit process. It is by design a system that needs
to be "tuned" and monitored 'to operate properly.
Balanced air flow to diffusers, proportioning of
hydraulic flows and monitoring of waste flows are
critical to maintaining good operations under
design conditions. With the aggravated hydraulic
and solids loadings even marginal performance may
be unattainable.

The septage handling facilities do not appear to
be overloaded based on observations and current
data. Because septage is delivered by tanker
trucks, maximum solids sizes are limited by tanker
truck suction and discharge no&zles. As a result
screening loadings are typically lighter than raw
influent sewage flows. The manual screens in the
septage building appear to be adequate based on
observations of present operations and the lack of
reported flooding. Close inspection of all
facilities could not be made however, because of
the dangerous HzS conditions that exist.

The odor (HzS) control system is not working.
Although the fans appear to be operating, the
lack of odor reduction is obvious. A review of
design fan calculations indic~tes that adequate
.. i r changes appears to have been assumed. Packe":
tower surface areas, duct and louvre sizing and
design reaction rates could not be verified. Lack
of instrumentation or operating data prevented
confirmation of operating performance. Reports of
sodium hypochlorite supply and current usage
indicate that dose rates are inadequate. The
design documents indicate a daily consumption rate
of 280 kg/d. Detailed records of operating data
taken in strict compliance ·wit.h the design and
operation instructions will be required to
determine the adequacy of the existing equipment
systems.

It is strongly recommended that any and all
measures required to reactivate the odor control
system and reduce HzS concentrations in the
septage handling facilities be initiated a8 800n
as possible to eliminate potential safety hazards.
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2.2

2.1.4

2.2.1

Condition

Structures at the AGTP appear to be in acceptable
condi tion. No major concrete or structural steel
construction showed obvious signs of weakening,
failure or significant corrosion damage. All
equipment is in need of major maintenance and
repair. Based on the observations made herein, it
would appear that major equipment upgrades should
also be considered for long term operations.

Design Review

The sewer/siphon system is a 38.6 km long, 1200 mm
diameter pipeline designed to operate as an
inverted siphon and convey up to 148,000 cu mid of
sewage to the WSP at As-Samra without flows, from
Zarqa being pumped into the pipeline. A short
length of 1200 mm diameter gravity sewer connects
the upstream end of the sewer/siphon and the
downstream end of the grit removal facilities. The
sewer and siphon pipeline system begins at AGTP
and is routed down Wadi Ain Gha~al and Wadi Zarqa
past a low-point 25.8 km from AGTP, near Sukhna,
and up Wadi Dhuleil to discharge at the As-Samra
wastewater stabilization ponds (WSP). At a point
20.4 km from AGTP J the Zarqa Pump Station
discharges into the sewer/siphon. The pipeline
slopes downward from AGTP a vertical distance of
213 m to the low-point and then slopes upward to
WSP a vertical distance of 112 m. The elevation
difference of 101 m provides the hydraulic driving
force to move sewage from AGTP to WSP. Air and
vacuum valves, manways and blow-offs were
installed at many locations along the pipeline.

At the low-point in the pipeline, an emergency
storage pond has been constructed to drain the
contents of the sewer/siphon in case of an
emergency and to allow pipeline maintenance. It
has not been used since the pipeline was placed in
operation.

The sewer portion of the line, at the northern end
of AGTP contains two Parshall flumes installed in
series , one upstream of a connection from AGTP,
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to measure flows from the headworks, and another
downstream to measure combined flows. Since AGTP
was abandoned, the first flume is no longer used.

Downstream of the flume is a launching station to
send a cleaning device through the pipeline and
the pipeline was constructed in a tunnel where it
crosses the Zarqa - Amman Highway,

The sewer/siphon pipeline is constructed of
cement-mortar lined and coated steel pipe with
welded joints. Cathodic protection was also
provided. The cement-mortar lining was specified
to be 12.7 mm thick except for the first 12 km
(upstream end) of the sewer/siphon pipeline. In
this length, over which the pipeline was not
initially expected to flow-full, a 25 mm thick
sacri ficial calcareous lining was installed. A
cathodic protection system using anodes and test
stations was installed to prevent electrolytic
corrosion.

Construction of the pipeline involved numerous
underground crossings and paralleling of Wadies
Zarqa and Dhuliel. At all of these locations
concrete encasement and bank erosion protection
measures were installed. A field investigation
located four reaches where add~tional protection
is required. That work is presently being
performed by WAJ.

Although designed as a 1200 JIm pipeline, a 1228 mm
line was installed, which can actually carry a
flow of 191,350 cu mId without Zarqa flows. The
pipeline is completely buried the entire distance
except at three locations where it crosses Wadi
Dulheil on a bridge.

Mode of Operation

The transmission pipeline presently operates as a
gravity sewer downstream of AOTP under average
flow conditions (100,000 cu m/d) for about 9 km
where it changes to a pressure pipeline (inverted
siphon). The location of this transition from a
gravity sewer to a pressuri.ed siphon changes as
thfl flow through the pipeline changes; as the flow
increases the transition moves closer to AGTP.

The pipeline is operating as designed except that
the design hydraulic flow (68,000 cu mId) is
exceeded daily. WAJ operators travel along the
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pipeline to observe that erosion, excavation or
filling of the ground over the sewer/siphon is
not occurring and that storms have not damaged or
exposed the pipeline. WAJ also checks the air and
vacuum valves, blow-offs and cathodic protection
facilities to insure that they are working and do
not need repairs.

Gnder normal conditions , the present mode of
operation is leave the valves at the low point
and the blow-off valves along the pipeline closed.
The valves at the low point are to be opened only
in case of emergency, to drain the contents of the
pipeline to the emergency storage pond. However ,
the blow-off valves along the pipeline should be
opened frequently (once per month) to determine if
the pipeline contains solids and should be
cleaned. With theheadworks being overloaded,
this is especially important . Because the screens
are overloaded and prone to solids bypassing, the
comminutors removed and the grit system (both for
septage and sewage) are not working as designed
(because o~ overloading and inadequate
maintenance), a major portion of the solids are
being sent to the transmission pipeline. Over
last six years, the TSS at AGTP averages 185 mg/l
more than the influent to the WSP. This is an
indication that solids are :settling in the
pipeline. They will accumulate at the low point
and restrict the capacity of the pipeline, unless
removed.

There are only two ways to clean the pipeline,
either using the drain valves at the low point or
using.the swab provided to clear the line.
Dra_lning to the storage point to clean.. the
pipeline is not recommended except in case of
emergency • The cleaning device should be sent
through the sewer/siphon once each year under
normal conditions to remove settled material and
slime. Under the present overloaded conditions, it
should be cleaned more frequently.

Only one (flume no.2) of the sonic devices which
measure flow at the Diversion Structure No.2
Parshall flumes is working, which is satisfactory
since AGTP is not in operation. At the end of the
flume structure , there is a wide-spaced screen
which was designed as a safety device to prevent
anyone who accidentally fell into the upstream
open structure from entering the sewer/siphon.
Because the upstream screens are not operating
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and the comminutors were removed, this wide-spaced
screen must be cleaned frequently. To do so, the
operators have taken down a section of the fence.
This is extremely dangerous for children and a
gate with a lock should be installed immediately
to prevent a potential accident.

Measurements of the calcareous aggregate lining in
the sewer sections have not been made. However,
based upon measurements of hydrogen sulfide, it is
expected that a substantial portion of the lining
has been sacrificed during the years of
operation. Once a parallel pipeline has been
installed. inspection and repairs or rel ining of
the existing main should be performed. prior to
placing it back into service.

The cathodic protection stations were reviewed in
the field and were not fully operational nor
maintained. No anodes have been replaced over the
past five ~·ears.

A field review of the sewer/siphon route indicated
that work had been performed at various locations
to repair flood damage. This will be a continuous
maintenance requirement. The sewer/siphon bridges
appear to be in satisfactory condition.

Performance

The stormwater overflow upstream of the AGTP
headworks has been modified to allow peak flows of
up to 170.000 cu mId to the sewer/siphon. The
sewer/siphon can accommodate this flow if the
Zarqa flows are not pumped into the pipeline. The
design calculations estimated that the
sewer/siphon will be able to transport peak flows
at rates of up to 220,0000 cu mId to the WSP
system, with 72,000 cu mId orisinating from Zarqa
Pump Station. and 148,000 cu mId originating from
AGTP. The design calculations were based on a
Hazen-Williams pipeline roughness coefficient of
120 which agrees with field monitoring and
calculations conducted durins this survey.

With n9 discharge from Zarqa Pump Station, the
maximum possibl.e throushput from AGTP would be
191,350 cu mId •. With 72,000 cu mId discharge from
Zarqa Pump Station, the maximum permissible
concurrent peak inflow at AGTP would only be
around 148.000 cu m/d. Thus, wi th Zarqa Pump
Station upgraded to 72,000 cu mId capacity and the
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stormwater overflow at AGTP modified to pass up to
170,000 cu m/day to the sewer/siphon, it will be
necessary to control the output of Zarqa Pump
Station to avoid overspiliing at AGTP during
wet-weather conditions.

Both of these flows from AGTP were based on the
pipe being full at structure MH14. the pipeline
cleaning device launching station. If the pipeline
was surcharged to one meter below the top of the
Second Diversion Structure ( which would submerge
the Parshall flume ) the flow from AGTP would be
slightly greater.

Condition

The sewer/siphon system appears to be in good
condition. It functions as designed and there have
been no reports of problems in its operation.

The cathodic protection system consists of four
cathodic protection stations along the pipeline
each supplying a current of 40 Amps. The current
is being impressed on the pipeline using
silicon/iron " chrome " anodes installed in a
horizontal ground bed.

A site survey of the cathodic Protection stations
revealed the following:

o The Transformer / Rectifier Stations No.
I, 2 & 3 are working properly.

o The Transformer /Rectifier Station No.4
is out of order ( apparently for more
than one year) due to unavailability of
the necessary fuses and some electrical
parts. The cover to the Transformer unit
is missing.

o The silica gel in the Transformer/
Rectifier units should be replaced at
all stations.

o No monitoring has been performed to
check the operation of the cathodic
protection systems. Periodic monitoring
of the protective potentials along the
pipeline through the test points must be
performed as described in the operation
and maintenance manual.
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3.1.1

3.1. 2

SECTION 3

SURVEY OF PUMP STATIONS

Description

The decision to convey sewage from Ruseifa and
Zarqa to Khirbet AS-Samra for treatment was taken
in 1984/1985, during construction of the
~astewater stabilization pond system. An earlier
plan to construct separate sewage treatment
facilities for Zarqa was abandoned.

Zarqa Pump Station is located alongside the
sewerlsiphon pipeline, about 20.4 km from AGTP.

Design Review

The Zarqa Pump Station (ZPS) was designed to
provide pretreatment ( screen and degrit ) and
pump 72,000 cu mid of raw sewage. Since the
hydraulic requirements ~~ the time of construction
"'ere less than 20,000 cu mid, the installed
pumping capacities were set at 28,000 cu mid with
100 percent redundancy for emergency back up. This
~as to be accomplished with the installation of
t~o additional pumps of similar size for future
expansion. The screening and degritting facilities
"'ere designed to accommodate flows up to 72,000 cu
mid.

Unit process equipment includes: manually raked
trash screens. mechanically raked bar screens,
aerated grit removal and comminution.

T~o parallel manually raked trash screens/racks
precede two parallel mechanically raked bar
screens. Each of the four manual and mechanical
screen channels can be hydraulically isolated with
manually operated sluice gates. No flow through
bypass channel is provided, however, a bypass to
overflow to the wadi is located between the manual
and mechanical screens. Existing site hydraulics
require the screening channel invert elevations to
be quite deep which makes manual raking quite
difficult. Influent flow monitoring is located
between screening and grit removal facilities.

3-1
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Grit removal is accomplished with two parallel,
spiral flow aerated grit tanks. The tanks are
fitted with air diffusers, air lift pumps for grit
removal and vortex type grit "separator/washers and
bucket elevators,

In contrast to the design at AGTP, the Zarqa Pump
Station has comminution located downstreaa of the
aerated grit removal tanks rather than upstream
and directly following screening. Although the
effluent flow requirements are somewhat different
(i.e. pump protection at Zarqa compared to
pipeline clogging at AGTP) the reduced solids
loading and apparent (assu.ing maintenance
performed is equivalent) improved operability of
the comminutors appears to be significant.

The pump station has a wet-well/dry-well
configuration with the pumps installed in a
dry-well adjacent to the wet-well. They are
connected by drive shafts to motors located at
ground level to prevent flooding. The pumps are of
a single-stage, high-head centrifugal type.

Two pumps one dut)' and one standby ) were
installed for the Stage 1 duty. Each pump is
capable initially of discharging 14,000 cu mid at
a head of 123 m. For Stage 2 duty a third and a
fourth pump are to be installed."

The discharge from Zarqa Pump Station is
interrelated with flow in the sewer/siphon
pipeline. Under constant pump operating conditions
the actual discharge to the sewer will vary, in
response to varying i.lflow at AGTP.

Mode of Operation

The current mode of operation appears to be
following the design operation. No problem was
reported regarding the difficulty of deep manual
raking even though some bypassing is occurring.
Large trash removal is being performed
effectively. Mechanical screening was similarly
observed to be a reliable operation with all
equipment in good working order and well
maintained. It has been reported that the facility
is sometimes bypassed during high storm flows.
This could not be confirmed, but if true, could
account for the apparent lack of aggressive
loading conditions experienced and observed at
AGTP.
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Condition

in pumping
is scheduled

Construction for this upgr.ding
capacity began in September 1990 and
to be completed in early 1992.

Since the pump station was designed and
constructed b}' the same firm' who designed and
built the AGTP headworks. it iSiapparent the major
difference is the severe overl*ading experienced
at AGTP and better operation byWAJ staff at Zarqa
Pump Station.

The original installed capacity of this station is
now being exceeded. reduci!)g the effective
emergency standby by requiring ~he standby pump to
be used for a period of time eabh day. To correct
this situation, WAJ is installing two additional
pumps as originally designed.

Aerated grit remova: and comminution appears to be
operating reliably. Inspections of dewatered grit
tanks verified all in tank piping to be in good
operating conditic~ with grit hoppers free from
overloading. Vor:ex separators and bucket
conveyors were in operating ~ondition and well
lubricated.

With the completior. of this upgrade •.the Zarqa
Pump Station will have an eff~tive capacity of
72,000 cu mId with anyone of the four installed
pumps out of service. This station by itself is
capable of delivering over 10:0 percent of the
WSP's original design capacity (68,000 cu mid).

~pgrade of the Pump Station includes an additional
1000 KVA generator for emergel)cy power and one
additional telemetry panel,. for monitoring
purposes at the Control Building.

Both the screening and degritting operations
appear to be operating correctly and efficiently.

Twenty full-time employees opetate and maintain
the Zarqa Pump Station on a 24-hour basis. The
structures and equipment appear well maintained
and in satisfactory operating condition. However,
septage is no longer accepted at ZPS and tanker
trucks are diverted cO the AGTP •.
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3.2.1

3.2.2

3.2.3

Description

Hashimiyeh Pump Station serves the community of
Hashimiyeh and parts of Zarq~. The pump station
discharges sewage to the wast~water stabilization
pond system at Khirbet As-Sa.~a through a 600 DIIIl
diameter ductile~iron force main, approximately 6
km long. The point of disCharge is the WSP
headworks structure. upstream of the flow
measuring flume.

Design Review

The pump station has three centrifugal pumps
installed, each with a capacity of 10,000 cu mId,
providing 20,000 cu mId capacity from t~o duty
pumps. There is provision (or installing t~o

additional pumps for future ~apacity increases.
The pumps are installed in a dry-well adjacent to
the wet-well and driven by electric motors at
ground level. Each pump alsel> has an alternate
diesel engine drive for use in case of power
failure through a right angle .ear.

Mechanically-raked bar scre=ns are provided
upstream of the ~et-well. They are designed to
handle the ultimate station capacity of
40,000 cu mId.

The sewage inflow is measured at a measuring flume
and the station discharge is al~o measured.

Mode of Operation and Performaope

The installed capacity of this station is more
than adequate for the flows now, being experienced.
Each of the three pumps install~d is equipped with
an emergency diesel-drive unit in case of power
failure. The station is currently recording,
through its totalizer, an 'average flow of
3,500 cu mId.

The screening and grit removal systems appear to
be operating as designed.
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The instrumentation is not w~rking as designed.
All pump ~peration is manually controlled even
though automatic controls are installed.

It was observed that the parshall flume was
submerged. This is because the sewage was being
maintained at a high level in the. wet well. This
causes the flow to backup and submerge the
measuring flume. This is thoucht to be caused by:
manual operation of the pumping equipment. The
influent to the station is therefore not accurate.

A check of the set points on the automatic pump
control aystem could not verjfy the reason for
manual operation. These automatic controls need to
be repaired and allowed to control the pumps.

Condition

Fourteen full time employees operate and maintain
the Hashimiyeh Pump Station on :a 24-hour basis.

The structures and equip~ent appear well
maintained and in satisfactory operating
condition. The electric drive ~tor for Pump No.3
is being rewound. A diesel drive unit is available
for operation of this unit, if required. Odors at
the station are m~"imal.
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SECTION 4

SURVEY OF EXISTING WASTEWATER SIABILI;&TIQN poNDS

4 • 1 BACKGROUND

The ponds were overloaded organically qpon commissioning.
The influent BOD averaged about 850 mg/l' versus the 526mg/l
design value dur~ng the first year of operation. By mid
1987, the influent flow exceeded the design value of 68,000
cu mId. Since the ponds were initiallY filled with raw
sewage, it is extremely doubtful whethet they ever reached
equilibrium during the period before they were hydraulically
overloaded. Therefore, it was not possib~e, even initially,
for the Wastewater Stabilization Ponds (~SP) at As-Samra to
meet the objectives of the design criteri'a.

Although the overloaded WSP has not met t~e design criteria,
the WSP effluent meets the public health objectives of
nematode and fecal coliform (during summer) controls and the
water quality criteria for filtered BODs; These objectives,
however, can only be achieved when operating all three
trains and disinfecting effluent with chlorine.

The health effects of treated s~wage have been
~ell-recognized and are monitored by the Ministry of Health.
As part of the design cr i teria for the WSP. 1 imi ts for
nematode eggs and fecal coliform were reg\lired which equaled
or exceeded those values commonly applied to wastewater
effluent used for irrigation and cultivation throughout the
~·orld .

Because the general public health of the Amman - Zarqa area
is good to excellent, the influent levels of nematode eggs
are significantly lower than in areas where nematode
infestation is more prominent. Because of these low influent
levels and more than 10 days settlement time in the WSP, the
nematode limit is consistenly met or exceeded.

During winter seasons and when chlorine is unavailable for
disinfection (1990-91), the WSP effluent can not meet the
effluent limits of < 100 MPN/100 ml for tecal coliform and
during 1990-91 averaged 4,000 MPN/100ml. During these
periods, the users of effluent for irri8ation between WSP
and KIR are exposed to public health risk. Public health is
endangered by the use of poorly treated wastewater for
irrigation due to direct contact of irrigators with the
effluent and indirect contact with eguJpment and soils.
Commonly harv~sted crops may also be washed during
harvesting with effluent and disease organisms may be
transferred to the consumer.
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4.2 DESCRIPTION

The major components of the As-Samra W.ste Stabilization
Pond System are three trains of anaerobic, facultative and
maturation ponds preceded by headworks which include flow
measurement and flow division facilitie •• _ The ponds are
followed by an effluent chlorination .acility and also
include an administration complex and a l$boratory.

The ponds were designed to treat an average daily
dry-weather s.wage inflow of 68.000 c~ mId and a peak
hydraulic inflow of 148,000 cu mId during wet-weather
conditions.

Each of the three trains includes two anaerobic ponds, four
facultative ponds (except in Train 3 wh~re ponds F3-2 and
F3-3 are separated into two sub-unit$ each) and four
maturation ponds. All ten to twelve sepatate ponds in each
train are designed to be operated in seri~s. i.e. with flow
passing from one pond to the next. The layout of the
existing ponds is shown in Figure 1.2.

There is provision for the four (or six) facultative ponds
in each train to be used as two separate parallel trains of
two (or three) ponds.

It was also possible to pump from the following ponds back
to the distribution box:

o The first maturation pond in Train 1.
o The last facultative pond in Train 2.
o The second maturation pond in Tr*in 2.

An option was also included to allow flow. to bypass two of
the four (or six) facultative ponds in each train.

WSP effluent from the three trains are combined. metered.
and disinfected prior to discharge into Wadi Dhuleil. A
controlled continuous dosage of 25 mg/~ of chorine at
68,000 cu mId is provided. This maximium dosage rate
decreases with an increase in flow to a minimum of 8 mg/l.

Disinfection consists of the storage of chlorine ton
cylinders ( two of which are placed on scales ). the
withdrawal of liquid chlorine to the eva~orators ( which
convert liquid chlorine to gas I. the establishment of
chlorine dosage rates by two chlorinators based upon
effluent flows, and the transfer of chlorine gas to two
educators ( located at the point of chlorination ).
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Only one point of chlorination was proviqed which is located
upstream of the Parshall Flume prior to entering the
chlorine contact basin. A submerged perforated pipe diffuses
the chlorine solution into the effluent from the ponds.

The chlorine contact basin is a sloped side rectangular
basin with internal baffles to create. serpentine mixing·
effect for about one hour at 68,000 cu mId. Chlorinated
effluent is discharged over a weir at the downstream end of
the basin.

4.3 EFFLUENT DISCHARGE

The WSP facility discharges to the Wadi Dhuleil and over the
past five years is the only significant' perennial flow to
the Wadi Dhuleil. The Wadi Dhuleil discharges to Seil Zarqa
which ultimatelY discharges into the r~servoir behind the
King Talal Dam.

Many farms along Wadi Dhuleil use the effluent for
irrigation of adjacent farmland (more than 15 sq km).
However most of the effluent is discharged into King Talal
Reservoir (KTR) and is ultimately useq: for agricultural
irrigation in the Jordan Valley.

4.4 DISCHARGE CRITERIA

No regulatory agency has been established for the control or
enforcement of effluent discharge criteria for the WSP. or
at other municipal wastewater treatment facilities in
Jordan. Effluent samples from the WSPare collected and
analyzed by the Royal Scientific Society Environmental
Research Center, Water and Soil Division (RSS), by the WSP
Facility Laboratory, and by the WAJ Central LaboratorY.

Effluent discharge limits are applied to industrial
wastewater sources for discharge to waterways and sewers in
accordance with Standard Specification No. 202. However,
enforcement is minimal.

The sampling and testing program carried out by the RSS is
summarized in Appendix A for the WSP.
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DESIGN CONCEPT

The effluent discharge criteria stipulated for the WSP
design were:

o Max. fecal coliform, 80 X or more of the samples 
<100 HPN/lOO ml

construction when flows were dir~cted back to the
the WSP was to treat flows from the AGTP as shown

Flow BODs
cu mId MLQ

AGTP Treated Effluent 40,000 6,000
AGTP/Zarqa Septage 5,000 10,000

~Waste Activated Sludge (WAS) 2,000 4,000
Raw Sewage 21,000 15,750

Total 68,000 35,750

The original concept for the WSP was to only provide
immediate relief for the overloaded Ain Ghazal Treatment
Plant (AGTP) during the expansion period of design and
construction and the design was based ~pon the following
flows and BODs loadings:

o Design average filtered BODs (for 60 samples) 
20 mg/l

o Hean effluent filtered BODs (for 60 samples) 
<30 mg/l

After
AGTP,
above.

The concept was later modified to proyide .the o!1J.y long-term
sewage treatment facility, and the expansion plans for AGTP
were abandoned.

Also, during construction of the WSP system, it was decided
to abandon plans to construct the Zarqa Treatment Plant and
the raw sewage flows were pumped directly into the
sewer/siphon. Later, the Hashimiyeh area was sewered and
the wastewater pumped to the WSP.

Peak factors used in design of the WSP were 1.6 peak daily
dry-weather flows and 2.2 for wet-weath¢r flows. A check
against actual flows during the last five years verified
these values.

4.5
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DESIGN REVIEW

The ponds '''ere designed by a British firm. for the following
influent characteristics established by W~J:

The design of the existing waste stabil~zation pond system
follo>..ed conventional practice in most tespects except for
the number of the ponds.

68,000 cu mId
35,750 kg/d

526 mgll
12.5° Centigrade

Average Dry-Weather Flow
Average BODs Load
BOD5 of Ra~ Sewage
Water Temperature

The design minimized construction costs 'by adapting to the
topographical features of the availa~le land. To this
extent, the multiple. series-connected pond system provides
maximum opportunity to remove settlable pathogens, to
compensate for short circuitins. if large ponds had been
installed, and to accumulate sludge. The facility generally
meets acceptable effluent quality cri tilria (i. e., fecal
coliform, nematode eggs, and low to moder~te dissolved salts
and boron) for agricultural water reu~e. However. the
effluent does not meet the stated objectives of the initial
design criteria.

The configuration of the ponds was dictated by the cost of
construction which was established by the contractor at the
time bids '''ere submitted. Any ch.rge in size or
configuration would have required a charge order and an
increase in price which WAJ could not agre~ to at the time.

The following tabulation sets 'out the ,sequence of BODs
removal anticipated in the design for each train of the pond
system. in winter. The design calculations acknowledge that
for facultative operation in winter. pond BODs loading
should not exceed 200 kg/ha. d. To achieve this, ponds FI
through HI were considered as a sijlgle unit. The
anticipated performance in winter is summarized below.
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BOD EFFLUENT TOTAL EFFLUENT
REMOVAL BOD5 BOD5 LOAD

POND (percent) (_g/l) (kg/d)

Influent 526 35.750

Anaerobic Al 40 316
Anaerobic A2 10 284 19,312

Facultative F1
Facultative F2
Facultative F3 81 54 3,669
Facultative F4
!'laturation Ml

!'laturation M2 40 32 2,201
!'laturation M3 40 29 1,321
!'laturation M4 40 12 793

Pond performance in the warmer and sunnier summer months was
expected to be much improved. It was c'alculated that only
two trains would have to be operated to :achieve the desired
effluent quality and that ponds F3 through H2 would operate
as facultative ponds and ponds H3 and H4 would be aerobic.

The design calculations at the design fl~w of 68,000 cu mid
and BODs 0: 526 mg!l indicated that fecal ·coliform levels ill
the effluent at the WSP should be less that 129 HPN/I00 ml
in ~inter, ~ith three pond trains operating, and less than
100 MPN/10D ml in summer with only t~o trains operating. The
predicted effluent fecal coliform levels in winter and
summer in a system using a single facultative pond of
equivalent area ~ould have been around 3,000/100 ml and
2,700/100 ml, respectively.

The effluent requirements for agricultural use involve only:
<200 HPN/100 ml of fecal coliform, < I :nematode egg/I, and
acceptable total dissolved solids «1400 mg/l) and boron
(2mg/l). The existing facilities produce an effluent which
generally meets both the nematode egg requirement and
guidelines for total dissolved solids and boron.

Fecal coliform requirements can usually be met ~ith

chlorination.

Other WAJ criteria not directly related to agriculture IBOD5
filtered; .<30 mg/l) were commonl)' achieved during the summer
with all three trains operating. Howevel1, the BOD5 filtered
levels can not be consistently achieved during the winter.

4-6
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The flow values shown were supplied by WAJ and
were taken at the WSP.

The system was designed for an average daily
dry-weather inflow of 68,000 cu m/d. The
tabulation below indicates the annual average
daily flow experienced in the years since
commissioning as shown on Figure 4.1:

service in
Since then

58,000
68,000
80,000
90,000
96,000
98,000 (incomplete)

~nual Average
!)ail:;- Flow
( cu mid)

1986
1987
1988
1989
1990
1991

Flow and Organic Loads

Thus, in hydraulic terms, the pond system began to
receive flows in excess of design capacity within
two years of commissioning. The highest monthly
peak infiow recorded during wet weather has been
around 170,350 cu mid. Anythirig above this value
was discharged at~H2 to the Wadi Zarqa;:

Figure 4.2 shows monthly average flows.

The major defects of the design included the lack of a more
flexible physical arrangement orpipin, to allow parallel
operation of facultative ponds, the lack of additional
inlets/outlets to prevent short circuiting,more
consideration given to removal of sludge accumulation, and
better control of H2S releases.

PERFORMANCE

Pond depths are satisfactory. Howeve;r, they are being
impacted because of the increased levels of TSS in the
influent not foreseen in the original design concept
(Abandonment of AGTP, sludge transfer from other
plants,etc. ).

The waste stabilization pond sYstem was put into
1985, initially using two of the three "rains.
the inflow to the ponds has steadily increased.
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FIGURE 4.1
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Conceptual Changes Not Included in the Design

The design BODs intlow tor the wastewater
stabilization pond system was 35,750 kg/d. The
peak-month BODs daily loads experienced in the
years since commissioning are tabulated below

Yearly
Average
BODs Load
( kg/d I

35,508
50,509
69.099
66.874
67.145
70,295

Peak Month
BODs
I kg/d

45,365
61,427

102.828
79,962
74,416
81,216

1986
1987
1988
1989
1990
1991 (incomplete)

These figures have been computed from records of
monthly inflow and periodic sampling of BODs
levels, averaged on a monthly and yearly basis.
Yearly average figures are likely to be distorted
by stormwater run-off. This i$ because the flow
measurements during wet-weather.are likely to have
a greater impact on the statistics then the impact
of BODs measurements at times of high inflow.

Using the above 1986 values of' 58,000 cu mId "nd
35,508 kg/d, and assuming 50 percent reduction of
BOD in the anaerobic ponds translate into an areal
loading on the first facultative pond of 816
kg/d/ha. This value is extremely high and will
overload the facultative pon,ds, provide poor
organic removals and prevent aerobic conditions
from developing. ,"his demonstrates the o"erloading
received by the ~SP during the first year of
operation.

During construction of the WSP system, when WAJ
decided to add flows from Zarqa and Hashimiyeh. it
should be noted that both flow and BODs loadings
increased as follows, without a design change to
the liSP.
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Flow Design
(cu II/dl (kg/dl

WSP Design 68,000 35,750
Zarqa 14,000 10,500
Hashimiyeh 5,000 3,750

Total 87,000 50,000

Because WAJ decided not to construct AGTP and
therefore the AGTP secondary treated effluent and
waste activated sludge became raw sewage, the
actual BODs loading became:

Flow BODs Total
cu ./d .kc..LQ

AGTP 42,000 32,500
Septage 5,000 10,000
Raw Sewage from Amman 21,000 15,750
Zarqa 14,000 10,500 f'lIii!>.....

Hashimiyeh 5,000. 3,750

87,000 72,500

These changed conditions for flow and BOD were
never used to change the original design criteria
because construc:'ion "as under"a~-. The WSP was
therefore destined to be overloaded even before
construction was completed.

When compared against present average flows and
BODs-total loadings of approximately 98,000 cu mId
and 70,000 kg/d, they are not too far removed from
that anticipated as shown above, If the design for
the WSP had been modified at that time, the ponds
would not be substantially overloaded.

Figure 4.3 shows the monthly averages for BODs
loading rates over the past few years. The effects
of water rationing are also shown by a decrease in
the rising trend in 1990/1991.
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4.7.3 Performance Versus Design

WSP effluent met the design cr~teria for BODs in
filtered effluent samples and fecal coliforms
with all three trains operating: in summer followed
with chlorination through much I of 1986 and 1987.
In 1988, by which time the pla~t was at least one
hundred percent overloaded in terms of total BODs,
the effluent failed to consistently meet the
design criteria for filtered BO~s.

The ponds were initially fill$d with raw sewage
(it is preferable to use clear water, but this was
obviously impractical in view of the quantities
invol ved) • Because raw sewag, was used, it is
believed the ponds did noti reach a normal
operating equilibrium before bedoming overloaded.

Despite severe overloading of t~e pond system, the
facility operators have manased to maintain a
reasonably good treated effluent, suitable for
irrigation use. However, for .uch of the year,
almost the entire system is functioning in an
anaerobic mode.

The plant oper~tors, however, ma~aged to maintain
lo~ fecal coliform levels in fhe effluent with
chi 0 r ina t ion un til 199 0, whie n chi 0 r i n e for
disinfection was no longer iavailable. Once
chlorine again became available (in 1991), the
coliform levels were reduced.

CUlren~]y the WSP is 120 percent overloaded in
terms of total BODs, and 42 p,rcent overloaded
hydraulicall)-. The effluent levEils being achieved
are around 90 mg/l of BODs in fi1tered samples and
fecal coliform counts of around 200/100 ml (with
disinfection). Although these v..lues do not meet
the design criteria for efflu.nt, they may be
considered good in view of the extent of
overloading on the system. However, during the
period when chlorine was not available for
disinfection, fecal coliform levels were as high
as 9,000,000/100 mI. This indicates that there is
little reduction of fecal coliform in the
treatment processes before disinfection and that
most of the pond system is qperating in an
anaerobic mode ( also reflected by high ammonia
and detectible sulfide levels).
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4.7.4

This anaerobic condition through all facultative
and most maturation ponds is borne out by the
types of algae and sulfur bacteria observed in the
pond system during the summer, the low BOD
removal, virtual absence of dissolved oxygen
wi thin the ponds, and the high levels of fecal
coliform in effluent before chlorination.

Ammonia, total nitrogen and phosphorus are not
reduced by the anaerobic WSP treatment although
they decreased as the turbulent, aerated effluent
moves downstream in Wadi Dhuleil and Seil Zarqa.

Ammonia appears to remain the same throughout the
pond system because of inadequate nitrification in
the anaerobic condition. Ammonia would be
converted in fully aerobic maturation ponds.

Algae production through the pond system
increased. However, because the system is
overloaded and in an anaerobic mode, algae counts
in the effluent are below that: normally expected
from waste stabilization ponds but do increase in
the summer. The reddish brown ~olor of the ponds
and effluent results from anaerobic sulfur
bacteria, not from brown algae.

To reduce the effects of ABS upon pond performance
and to reduce foaming problems, the government
should require that all detergents be
biodegradable. '. -,.I, ' . "J ?

Interpretation of Sampling and Testing Data

The loading resu~ts from both the As-Samra WSP
laboratory and the WAJ Central Laboratory are in
close agreement with those from the RSS. This
check on the quality of the testing results is
important and should be continued. The freo'"mcy
and methods of testing results is dlso important
and should be continued. The fr~guency and methods
of testing and paramet.. ~·s to be tested appear to
be satisfactory. The testing results also appear
to be adequ~te. However, the sampling methods
s~ould be improved by using an automatically
J:',:epared compos i te sampler. Grab samples, if
performed, sbould be on the same day, at the same
time, at the same point, and b)' the same person.
All samples should be large enough to split 2 or 3
ways for testing by each agency.
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Based on these test results and the data compiled
in Appendix 0, it is apparent that total BODs
removal and fecal coliform removal increases in
summer (Figure 4.4).

Test results also indicate that the combined
total BODs removal in the ar1aerobic ponds is
around 65 percent, which indicates far better
performance than was anticipateq in the design (46
percent). The very high suspended solids and BOD
in current influent represent a significantly
greater amount of settleable BOP than was used in
the original BOD/TSS levels whi~h reflect settling
at AGTP or in the sewer/siphon. Because of the
high organic load in the WSP influent and that of
the anaerobic ponds, the surf~ce loading on the
facultative and maturation ponds greatly exceeds
the design loading for both summer and winter,
even when using the facultative ponds in parallel.
The high flows and surface. loading on the
facultative and maturation ponds evidently
prevents the treatment processes from operating in
accordance with the intentions ~f the facultative
and aerobic design and reduces the overall
performance of the WSP system., Much of the pond
system is functioning in an anaerobic mode. and
onl;' the last maturation pond shows any evidence
of aerobic conditions during the· summer.

fMc-ultative pond operation re~uires a rigorous
SllrfBce load re~uirement. Dissolved oxygen (D.O.)
i s re~uired throughout the full diurnal c~-cle.

Present loadings experienced in the ~SP series 
connected ponds are prohibiting the development of
B continuous D.O. throughollt ti,e diurnal cycle.
Sl];cig,:~ solids ca:ryo\'er is resulting in excess
tUl'bidity wlJich is inhibiting sunlight penetration
needed for algal photos;'nthesi's and growth and
thus the generation of oxygen. Sludge carr,over is
a result of short-circuiting, or,anic overloading,
and high flows.

There is a kinetic relationship between
bacteriological decomposition during the various
seasons of the year. However. based on existing
data and influent characteristics. the facultative
ponds are similar between winter and summer
operation. Due to the size of the ponds. the mean
annual temperature existing in t~e lower depths of
the ponds, operational capabilities, and
overloaded conditions, it is not surprising that
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Recirculation Option

Design of the facility expansi~n will incorporate
expected septage contributions and additional
sludge transferred from other facilities.

marked seasonal differences in the pond effluent
is presently observed. This holds for BOD, TSS,
COD and fecal coliform.

can materially impact
solids carryover, and
detention and sludge
no:data is presently
Characteristics to

Wind velocity and direction
ahort-circuiting potential,
reduction in both hydraulic
retention times. However.
available relating these
quality.

The objective of the recirculation process is to
return oxygen - rich water to p~nds that are under
stress (i.e. low D.O. concentrations) or to
reduce odors. However, if Ithere is not an
abundance of alqae then recirQulation is not an
efficient or effective means of solving the
problem.

The effect of septage and excess sludge from other
plsnts has a material impact or organic loading.
sludge storage. odors t sludge carryover. organic
feedback, aerobicity, snd both hydraulic detention
and sludge retention times.

4.7.5
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Recirculating water will also dilute the incoming
organic load.

The recirculation concept is still valid, however
the short-circuiting and overroading conditions
( hydraulic and organic) must be remedied first
before it can be effective.

Presently, the facultative pond~ do not operate as
facultative ponds because of the severe overloaded
conditions. Neither the surf",ce load nor the
detention times will allow sufficient alqal
population to develop to maintain a dominant
dissolved oxygen (D.O.) c~ntent, even if
suspended sludge solids and.short circuiting
problems were not present.

The WSP operations personnel tried to operate the
recirculation system in 1988 bui only continuously
for about one month. The procedure was abandoned

4-13
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4.7.6

4.7.7

partly by operational difficulties but mainly
because funds were unavailable to purchase diesel
fuel to operate the pumps. Operational
difficulties included the fact that recycle flows
cannot be directed to any single train of ponds
because of the configuration of the facultative
ponds inlet distribution box, where the recycle
flow is discharged. Upon the recycle flow entering
the distribution box it is mixed with effluent
from all the anaerobic ponds ~hich overflows the
weirs to all three facultative trains. Therefore,
only one-third of the recycle flows reaches any
one train. Recirculation in any expansion should
have greater flexibility and nQt be restricted to
only one location.

Parallel Option

Use of the parallel option for the facultative
ponds was tried once for a few months by WAJ
operations personnel during the winter of the
first year of operation. This option did not
improve the quality to any great extent (probably
because the process had not reached equilibrium)
and further use of the option was abandoned. The
parallel option· should have b~en continued. It
would have improved the facultath'e effluent
quality because the influent load to the
facultative ponds would have been decreased.
Expansion of the facilities should include
provisions for parallel operations.

Sludge and Scum Removal

~uch of the suspe~ded solids content of the WSP
influent has settled in the a~aerobic ponds. It
was the intent of the design that the accumulated
sludge be removed periodically. The operation and
maintenance manual suggests that sludge should be
removed from each pond once it has accumulated to
a depth of one meter. Heasureme~ts of sludge depth
in early 1989 in pond A2-1 showed the depth to be
2.75 m halfway down the pond and 0.5 m at the
inlet and outlet ends of the pond. The average
depth was 1.8 m. At an average rate of 0.6 m!year,
the present depth of sludge would be around 3.0 m
(the pond is 5.0 m deep). Although "'e would
recommend removing sludge once the depth reaches
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2.0 m, it appears the 2.0 m depth has now been
exceeded in the first anaerobic pond in each train
and should be desludged.

With sludge removed, the overall hydraulic
dete~tion and sludge retention time in the system
will be increased, sludge will not be swept into
subsequent ponds during wet-w'eather flows, and
organic loading on the facultative ponds will also
be reduced. Thus, the average final effluent
quality should improve slightly, particularly
during storm conditions.

Maintenance of anaerobic ponds should also include
removal of floating scum blankets on the surface
of the ponds. The scum blankets provide a breeding
habitat for insects, increase water-loss through
evapotranspiration, flow over the pond discharge
weirs and accumulate as bot~om sludge in the
following pond during peak flows and impede
important operational activities, such as sludge
depth monitoring. Although a, dr)'-crusted scum
blanket helps to reduce evaporation, the
disadvantages including wetted surface and
vegetation outweigh this advan~age. Scum may be"
easily removed by spraying water on the surface
and sinking the material.

The option to remove sludge is £0 use pu~~s placed
on floating platforms (barges). This would allo•.
the ponds to remain in service, or at least to
retain a liquid cover over the sludge, minimizing
the release of H2 S to the atmosphere. If the
anaerobic pond is to be retained in use, the flow
rate to that train should also be reduced; this
can be accomplished by restricting the flows at
the WSP headworks.

By restricting tl.e width of the weir in the
facultative ponds inlet distribution box and
reducing flows to a facultative1maturation train
would allow an algal bloom to be created in the
last maturation pond of that train. After
approximately two weeks, the l~quid in this pond
should have a high oxygen concentration.
Recirculation of this high oxygenated water and
algae should then be pumped back to the anaerobic
pond being desludged, sprayed over the surface of
the pond to create an aerobic layer on the
surface. The aerobic layer will then help to
oxidize H2 S gases released from the desludging
operation.
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4.7.8

At present, the first and second facultative ponds
in each train are assuming the role of anaerobic
ponds because of the high organic solids content
in their influent. Because of the high solids
concentration, sunlight penetration is minimal.
Without the aid of algae, the pbnds cannot produce
adequate oxygen to overcome th~ biological oxygen
demand. This is borne out by the development of
reddish bro ... n sulfur bacterie in the third and
fourth facultative ponds in each train. These
bacteria ere found in liquids with high sulfur
content and/or in oxygen deficient liquids. They
reproduce rapidly, effectively blocking sunlight
from penetrating more than a f~w millimeters into
the liquid, which in turn eliminates the
proprogation of the algae growth and effectively
maintains an anaerobic state in the facultative
and maturation ponds.

Short Circuijjng

Observations of high wet-weather flows, reviews of
physical designs, and float dispersion tests of
the As-Samra Ponds indicate that the full physical
volume of all ponds is not being efficiently used
and that short-circuitin~ occurs. Poor
circulation and mixing ... ithin tpe pvnds adversely
reduces treatment of the orga~ic and hydraulic
loads on the system. During ~ecent wet-weather
... inter flows, persistent and significant transport
of suspended anaerobic sludge materials through
the entire pond system and into the effluent
indicated that short circuiting was occurring and
that accumulated sludge had beep resuspended and
carried throughout all ponds and into the
effluent.

Distribution of ...astewater influent to each train
is entirely governed by the design of the
distribution channel and manually operated sluice
gates between the channel and downstream chambers.
During dry ...eather flows, the distribution of
influent flow appears satisfactory, During
wet-weather flows, distribution of flow was highly
disproportionate with the majority passing through
the central distribution chamber and thence to
Train 2 (Pond A2-1), Train 2 distribution chamber
sewage level had risen to within one meter of the
top of the chamber ,..hile the other two sewage
levels [Trains 1 and 3> were below the cro ... n of
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the inlet distributor pipe. P~rtial closure of the
sluice gates would relieve the high flow to Train
2 and distribute the flow evenly to all trains.

The ponds are generally rectangular with L/W
ratios of 1.8 for anaerobic and 1.9 to 3+ for both
facultative and ~aturation ponds. Such ratios are
generally lower than normal (3+ being more
typical). Lower ratios generally depend more on
external factors (i .e., wind) to assure proper
mixing and consistent flow through the ponds. The
additional facultative ponds in Train 3 improves
mixing and proper circulation through the longer,
higher pond ratios.

Physical distribution of wastewater influent to
and from each pond is largety governed by the
number and location of the distribution channels
and the configuration of the channel. All
influent distributors (except for the initial
Al,2,3-1) are flat-botto~edra~p-typechannels
which deliver flat flows of less than 10 c~ across
the 2+ m wide channels. Most o~tlets are designed
to only allow discharge from the surface layer.
The combination of surface inflow and outflows do
not promote any significant hydraulic mixing and
requires that all mixing be induced by surface
",inds. Of the total 32 ponds , .19 ponds have only
sing]~ inlets and outlets or single outlets and
,; 0 11 1 d bee X p e C ted tab e' m0 rep ron e to
short-circuiting than ponds with multiple
inlets/outlets.

"'hile the design alla...ed a total of 40+ days for
passage through each train based on 68,000 cu mid,
this detention time had been r~duced to less than
30 days during present average' dry weather flows
and about 15 days uuring peak wet-weather flows.

As the velocities of flow increase due to
increased flow and reduction in detention times,
the physical aspects of ratios, ,right-angle turns,
and number and location of inlets/outlet tend to
increase the potential for short circuiting.

On March 12 and 13, 1992, float studies were
conducted using 4 cm partially:submerged floats.
Almost 300 floats were released at the inlet of
Pond F2-2 and were observed for four hours and
then on the following da)'. Southerly winds
carried the floats directly across the pond in
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less than two hours. Wi thin three hours, more
than one-third of the floats had been carried over
the outlet of the pond and more than 50 percent
crossed the outlet in four hours. Those floats
remaining in the pond had been trapped in the rock
shore protection and could no longer move.

About 80 small floats were also released along the
southerly wall of the inlet of Pond A2-2 and were
observed for three hours. The floats travelled to
the mid point of the pond and had spread to the
shoreline along the southerly side of the pond.
From that point, the floats continued along the
entire length of the pond in le~s than four hours.

These obselvations were made when usually high
wet-weather flow was passing t~rough Train 2 and
when strong winds were parallel with normal flow
directions through the anaerobic and facultative
ponds. The observations indicated that
short-circuiting does occur whe~ winds are calm or
parallel to pond flows. The single point
discharges of virtually sheet 'flows to the pond
surface layer do not promote mixing of surface and
bottom layers and maximum dispersion of the
influent to all areas and depths of the ponds.

A major concern of nearb~' communities, and of
WAJ, is the odor originating from the wastewater
stabilization pond system. Even though the ponds
are located at about 4 - 6 km from the nearest
communities and despite there being other major
odor producing developments in the area (the oil
refinery and thermal power stationl, numerous
complaints regarding odors originating from the
ponds have been recaived.

Odors were reported by lesidents of nearby
communities to reach their maximum between 2:00 am
and 8: 00 am. This is normally a period of low
ambient temperatures and cooling of the lower
atmosphere. As a result an inversion very often
occurs, causing the more dense odor-bearing air to
remain, or concentrate, close to the ground.

Hydrogen sulfide (H25) levels in the influent at
the headworks have been recorded as high as 45
mg/l in June 1986. The monthly average during the
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4.8.1

last five years has averaged around 12 ppm (free
gas) in the air space above the sewer/siphon
discharge at the head~orks.

On 22 October 1991, members of the project team
conducted a survey of airborne H2S levels
throughout the ~5P. The survey was performed using
an Industrial Scientific Hydrolen Sulfide Monitor.

,ery high levels of H25 were found to be released
at the headworks; levels were especially high at
the point ~here the se~er/siphon discharges and at
the flo~ diversion structure, where there is high
turbulence. Measurements as high as 173 ppm were
measured.

Hydrogen sulfide (H25) was also measured near the
surface of the anaerobic ponds at 12 to 14 ppm.

Measurements of up to 2 ppm w,re recorded on the
first t~o facultative ponds. No H2S was detected
above the last t~o facultative ponds. nor above
any of the maturation ponds.

High le"els of H2S ~ere measured at the inlet"
structures to the first facultative pond (F2-1)
and at the inlet to the thitd facultative pond
(F2-3l. These readings were be~ause of turbulence
at the pond illiets.

Hydrogen sulfide is not the only odor generated by
the pond system, there are also mercaptans and
other compounds, but it is the only gas which can
be readily measured.

Operational Water SYstem

The original design did not pl'0vide water supply
facilities around the project site. If the
operations staff wish to wash-down structures and
equipment around the site this must be be done
using a tanker. It is sugge'sted that a water
distribution system be provided in the expansion
for hosing-down the structures and also for
sinking scum layers on pond surfaces.

4-19

BESTAVAILABLE COpy



I
I
I
I
i
I
I
I
I
I'
I
I
I
I
t
I
I"
t
I

4.8.2

4.8.3

4.8.4

4. 8.5

4.8.6

Metal Fixtures

Metalwork around the site, i~cluding safety rails
and the sewer/siphon cleaning swab retrieval
apparatus should be cleaned and painted.

Corrosion

There is some evidence of concrete corrosion at
the headworks, due to hydrog~n sulfide in the
incoming sewage. This does flot need immediate
attention, but should be monitored. The metal
gaging staff. electrical bo~:e's, and flow meter'
housing at the headworks should be replaced.

Slide Gates

The exposed screw-threads on the gate operators
are normally provided with clear plastic covers to
exclude dust and debris. Some covers are missing
and should be replaced.

Consideration should be given in the expansion to
motorizing those large penstccks at the headworks
~llich are crucial to facility operation.

Telemetry

Flows into the WSP inlet are ffieasured and recorded
at a measurement flume at the head,,·orks. Data
~ere originally transmitted by a cable-based
telemetr)' system to the monicoring "panel in the
Administration Building. This telemetry system
has apparently never been effective, probably due
to signal loss over the considerable length of
cable. This should be correcced during the
expansion.

Laboratory Facilities

The equipment in the WSP Laboratory was supplied
through the construction contract for the most
part. This equipment is still in satisfactory
condition.
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4.8.7 Chlorination Facility

The existing chlorination facilities appear to be
generall~' in good condition. The system is
designed as two parallel trains:of equipment sized
to operate in a duty/standby mode. Included in
each train is an evaporator and chlorinator,
locb~c~ ~:~ ~l~ ~:2~ ~cija~~l,~ Lu L~e administration
building. Chlorine ejectors/injectors, powered by
booster pumps , are located' adjacent to the
influent channel of the chlorine contact basin and
feed diffusers mounted in the influent channel
fl 0".

The only reported problems include insufficient
chlorine gas production from ~he evaporators and
clogging of the strainer fee4ing the chlorine
booster pumps, which sometime~ resulted in pump
shut do,",n. It has been reported that the heat
exchanger units in the chlorine evaporators have
not been serviced and that it is. understood that
inefficient heat transfer from the heating coils
to the "ater bath in the evap~rator "ill limit
c III ori ne gas produc t ion. ~ai rt.~nance and
operational monitoring of the evaporators "ill
need to be performed to determine if chlorine gas
production is limited by the :design capacit)',
Similarly, more detailed operational monitoring
needs to be documented to determine if the
e~isting duplex stainers are i~adequate or need
nl01'e !requeJlt maintenance than is no~ provided. As
an inlprDvem~llt/81ternati'·e~ an automatic,
self-cleaning type basket strainer could be
designed to replace the existing strainers.

The chlorine contact basin is in good condition,
The effluent sampler has been reported to be
disconnected and modifications including lowering
and opening of the effluent weir have been made to
accommodate the higher current flowrates.
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4.9

4.9.1

4.9.2

4. 9. 3

WSP Site Personnel

There are a total of nine fJll-time personnel
currentl, assigned to the WSP, including:

o Plant Superintendent
o Laboratory Technician. (2)
o Maintenance Technician
o Electrical Technician:
o Technical Laborers It)
o Non-Technical Laborers (2)

The current staffing level forWSP appears to be
adequate for its current need.. The technical
skills and abilities of th. staff are also
assessed to be more than adequate.

Vehicle InventorY

The facilit)· is equipped with three double cab
pick-up trucks for general :maintenance and
operations use. A 26-passenger bus is also
assigned to the liSP and is u$ed primaril)' for
tours of the facility. Each vehdcle appears to be
ill good condition. Xo additio·nal vehicles are
required at this time.

Spare Parts

The svare parts available at tfhe WSP site have
been surve~'ed and the inventory! is listed below.
Recommendations for additioqal chlorination
equipment spare parts aresho~J1 in Appendix B.
Additional lengths of pipe, one iralve of each size
and pump impellers and bearings :should also be in
stock.
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SPARE pARTS CURRENTLY AVAILABLE AT AS-SAMRA WSP

All budgetary obligations are a~located from the
WAJ General Fund and all revenue~ generated return
to the General Fund.

, .... :. l!

QUANTITY

1
2
4
1
1
1
1
1

CHLORINATION EQUIPMENT

Isolation Valve
Pressure Gauge
Rupture Disc
Spring
Flow Meter
Flow Meter Float
Seal (orifice)
Cascade

Operating Budget

Operating budgets are prepared ~y the ~AJ Central
Operations Department. Specifi¢ budget requests
and justifications are prov~ded by the WSP
operating staff for spare parts ~nd ne~ equipment.

Funding has decreased signific~ntly since 1989,
and there has been inadequate p~ovision for spare
parts and replacement equipment •.

Funds for all chemicals, suppl i,s, gl ass"are and
consumables for the WSP labora~ory are supplied
from the WAJ Central Laborator~' budget, rather
than from the Central Operat~ons Department
budget. A list of available .and recommended
laboratory equipment and chemi~als for the WSP
laboratory are in Appendix C.
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SECTION 5

SURVEY OF IDLE AGTP

5.1 INTRODUCTION

This evaluation ~as made to determine the possibility of
reactivating the existing facilities at ,AGTP as either a
full secondary treatment plant or as a primary treatment
plant only. .

In either case, the present head~crks f.cilities at AGTP
~ould be used and treated effluent 'would still be
transported to the As-Samra WSP through the sewer/siphon
pipeline.

A detailed evaluation of the AGTP facilities is available in
the "Final HasteI' Plan Report and Engin~ering Design and
Economic Analysis Report for ~aste~ater Di~posal for Greater
Amman Area", prepared in 1982. A sigl..ificiant conclusion of
this evaluation "as that the actual treatfment capacit)' of
the facil! '.y "as considered to be 30,000 c~ mid, because thE:
higil-stl"Cllgth of tile raw se~age redllced th~ effectiveness of
the "ctivated sludge process. Otber pla,nt short-comings
i~cluded frequent clogging of air diffusers in the activated
sludge process, and inefficiencies in t~e final settling and
chlorillation system.

C01.·.. ('·r~.ic·lj of the idle AGTF' teo do fl~ll secondsr)' treatment
facility (activated sludge) Kould alioK 30,000 cu mid of raw
se'.age to be dh'erted to the plaTit. Effluent would be
returned to the se~er/siphon because the storage time
necessary to remo,'e nematode eggs is not adequate. Thus
reducing the size of the future pipelin., to carry flows to
As-Samra would not be possible. BODs loaaing to the ponds
hOKe"cr, ','QuId be reduced by 15 percent. .

It would be possible to use the idle AGTP as a 60,000 cu mid
primary treatment plant. The advanta.e, compared to
reactivation as a full secondar)' plant, ~s that the large
aeration blo...ers ... ould not be required. Operating costs
would be much reduced compared to operatin~ a full activated
sludge plant. Conversion of the secondary clarifiers to
primary clarifiers has been evaluated. T~e digesters and
belt filter presses are ~dequate to accommddate a loading of
about 36,000 kg/d. The amount of primary sludge produced in
a converted 60,000 cu mid primary facility is estimated to
be about 30,000 kg/d, As such, the digesters and the belt
filter presses appear t.o tOe adequa'\.e to :accommodate tha"t
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rate. The resultant BODs loading for the }'ear 2005 at
As-Samra ~ould be reduced by about 15 percent by this
con'·ersion.

Since primary treatment ~ould not eliminate concerns
regarding removal of nematode eggs, primary effluent flows
would be returned to the As-Samra WSP through the
se~er/siphon pipeline.

CONDITION ASSESSMENT

A detailed startup and check-out of each piece of equipment
is beyond the scope of this assessment. Those items which
must be repaired or replaced in returning AGTP to full
operation as a primary treatment or as an activated sludge
plant are listed belo~.

Pre-Aeration Facilities

o Replace air diffusers.

Primary Clarifiers

o Replace chain and flight mechanisms.
o Repair safety rails.

Aeration Basins

o Replace air diffusers.
o Repair safety rails.

Secondary Clarifiers

o Remove intermediate concrete slab to improve
settling efficiency, if structurally acceptable.

o Replace chain and flight mechanisms.

Solids Stabilization Facilities

o Desludge both primary and Secondary Digesters.
o Inspect digester gas and mixing $ystems.

5-2
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5.3

Solids Handing Facilities

o Replace hoses on hydraulic system.
o Replace filter belts.
o Replace conveyor belts.

While this is an extensive and costly list of items to be
repaired or replaced, it is not all-inclu~ive. The condition
of some crucial equipment components canriot be ascertained
until they are started and/or dismantled for inspection.

The condition of all switchgear and electrical connections
must also be verified.

CONCLUSIONS

It ~ould appear that reactivation of the idle AGTP activated
sludge plant would be feasible. The cost'to reactivate may
be prohibitive, however. In addition, altnough reactivating
the AGTP would reduce the present BODs loading b;' 30
percent, the remaining amount would still exceed the design
organic loading for WSP.

5-3



SECTION 6

WASTEWATER EFFLUENT REUSE

6.1 WASTEWATER REUSE IN JORDAN

Water reclamation and reuse has been recognized in Jordan as
an important alternative source of wat~r for non-potable
purposes, particularly for agricult~ral irrigation!.
Fourteen treatment plants in various part~ of Jordan produce
effluent, most of which is used ~uccessfull~' for
agriculture. Reuse of effluent for agri~ultural irrigation
is widely considered to be an important supplement to the
Country's existing water resources.

Jordan,
Jordan,

BEST AVAILABLE COpy

6-1

Potential for Wastewater Reuse in Jordan,
Wastewater Reclamation and Reuse 11- 16

KTR Water Use for lrriga.tion in· the Jordan Valley,

Since late 1985, the As-Samrai WSP effluent has
contributed a significant proportion of the water
in KTR, ranging from about 80 p~rcent in dry years
to 18 percent in years ",ith high precipitation.
Outflow from KTR is used to iirrigate some 6000
hectares of agricultural lands ~n the 0-29 zone of
the Jordan Valley. Comparing produce quality and
yield from this zone "'ith quality and yield from

The As-Samra Wastewater Stabilization Ponds effluent
comprises the largest source of treated effluent (about 85%
of total waste"'ater flowF. Efflueht from As-Samra
Wastewater Stabilization Ponds (WSPI is currently suitable
for irrigation of most crops, although Dlarginally so for a
few sens i t i ve crops because of boron, 'TDS, and chloride
concentrations. If practiced within the regulatory context
an'; "ith proper irrigation managemer,t, itt use ,,'ill ~~,t harm
the public health, the crops or the soils, ~early all (80%)
of the As-Samra effluent is presently u.ed in agriculture,
most of it in the Jordan Valle~', after mixing ",ith
storm,,'ater runoff in the King Talal ::eservoir (KTR); some
effluent recharges local groundwater or eYaporates.

6.1.1

2. Al Salem, Sager, Wastewater Treatment a~~ Reuse in
Regional Seminar on Reuse of Treated Effluent, Amman,
July 23-27, 1989.

1. AI-Salem, Sager,
Regional Seminar on
December 1988.
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4. Integrated Resource Recovery; No.6, World Bank Technical
Paper, 1986

3. Personal communication with Mr. Hohamm84d Taher Hambali,
Consultant to Jordan Valley Authority, September 29, 1991, Amman
Jordan.

A recent World Bank publication reviews water
reuse practices around the wor~d, including some
of the most primitive instance~ where raw sewage
has bee.n used to irrigate vegetables4 •

di fference over the past several years3 Farmers
rely on leaching by addition.l irrigation and
rainfall to periodically remove excess salts from
the root zone.

Co'

sources of
sho"'n no

6-2
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Sheikh, B. et aI, "Monterey Wastewater
for Agriculture", Research Journal WPCF, May

other Jordan Valle}- zones using other
"-ater (e. g., Yarrnouk River) has
significant

It concludes that with treatment capable of
achieving <1000 coliform per 100 mL and <1
intestinal nematode eggs peI+ litre, reuse of
wastewater effluent for irrigation of most crops
is safe for the public health. Other field
studiesS , using more advanced treatment schemes,
have resulted in similar conclusions regarding
safety and appropriateness of uses of reclaimed
water. The Jordanian Ministry of Health monitors
water quality and conducts epidemiological
surveillance in the area. No public health
problems have been reported or observed in
connection with use of the undiluted treated
effluent nor the more diluted KTR water.

In 1990, an infestation of whit~ flies damaged the
tomato crop in Jordan Valley se~erely; squash and
some other crops were also af'ected to a lesser
extent. The problem has bee* attributed to a
number of factors including climatic anomalies.
The wide distribution of the white fly infestation
in Jordan Valley has removed us~ of KTR water as a
prime suspect. HO"'ever, a thorrough pathological
analysis might indicate additiv~ effects of stress
from the high-boron, high-TDS irrigation water

5. For example:
Reclamation Study
June 1990.
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i. Report by British Embassy on pollution of KTR water.

6. Field trip, October 6, 1991, to Jordan Valley farms irrigated
... ith Yarmouk River water and those irrigated with King Talal
Reservoir water, ... here citrus, tomatoes, eqqplant and various
other produce is grown.
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6.1. 2

contributing to the severity of the virus attack
associated with ...hite fly infestations. Field
observations in portions of Jo~dan Valley' failed
to reveal significant effects attributable to
...ater quality differences b~tween the use of
treated effluent via KTR and other irrigation
sources. Other studies have been conducted of the
relationships of KTR water and the white fly
infestation and the tomato crop failure and no
direct connection hasbeenfound, although stress
may have lessened the resistance to drought and
other more influential factors directly related to
the infestation7 •

Direct Uses of As-Samra WSP Effluent

Immediately downstream from the As-Samra
Stabilization Ponds, a numbe~ of farmers pump
treated effluent flowing in Wadi Dhuleil and Seil
Zarqa for irrigation of various crops. Some
farmers use the effluent for ra~-eaten vegetables,
such as carrots, spi nach, cabbage and 1 et tuce.
This use of the effluent for irrigation of
"uncooked" vegetables is currently unauthorized.
The Ministry of Agriculture provides quidance and
control to discourage use of the effluent by local
farmers for irrigation of raw~eaten food crops.
Continuation and expansion of i~rigated farming in
accordance ,-jth environmental health regulations
is deemed to be beneficial. for the farming
community as well as for the quality of water in
the streams and KTR, do ... nstream. For the
immediate future, enforcement of the existing crop
restrictions would help ensure protection of the
public and farmers health.

Usc of effluent upstream of the KTR has two major
advantages: 1) bene!icial utilization of the water
resource and the rich nutrient content of the
effluent, and 2) reduction of nutrient KTR
contributes to its eutrophication which reduces
nutrients available for Jordan Valley agriculture.

6-3
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6.2 WASTEWATER REUSE STUDIES IN JORDAN

Past and ongoing wastewater reuse test plQts6 in Jordan have
amply demonstrated the technical feasibil i ty and safety of
using reclaimed water for irrigation of a~ unlimited variety
of crops with different types of irrigation systems. Future
research and

demonstration projects -if deemed necessary -should
concentrate on epidemiological effects ~f using reclaimed
water for irrigation of various food crops. Such studies
can provide the essential technical support needed for
establishing public policy with regard to water reuse at the
appropriate safety levels which the Society can afford. The
As-Samra Wastewater Stabilization Ponds provide an excellent
opportunity for prospective epidemiologic~l studies because
of the availability of reclaimed water at a number of
treatment levels, including effluent from the anaerobic
ponds, facultative ponds, maturation ponds, chlorination
basins. and possibl~', the rock filters. Another unique
opportunity is provided b~' the natural infiltration of the
effluent in the groundwater basin underlying _adi Dhuleil
and _adi Zarqa. Migration and attenuation of pollutants,
particularl~' organic compounds and viruse!!, should be traced
at various ~istances perpendicular to tije channels in the
ground"ater, at various depths. Infor'mation from these
studies (if obtained ill a qualit~'-a~sured, rigorous,
scientific manner ) "ould be highl~' valuable, not only for
Jordan, but for all others plannin~ ground"ater recharge
projects using reclaimed "ater.

8. Test plots have been set up at the King Hussein Medical
Center, at the Queen Alia International Airport, and at the
As-Samra Treatment Plant, gro"ing various ve~etable crops with
effluent under different irrigation regimes. These projects have
been sponsored by the University of Jordan and by the United
Nations FAO, respectively. The results are p~edictably positive
and affirmative with regard to the applicabilit~·, safety and
general reliability of using reclaimed water, even with
less-than-adequate treatment, for irrigation of these crops. No
negative results have been observed or reported where the
treatment level has been up to standards.

6-~
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6.3 WASTEWATER QUALITY REQUIREMENTS AND GUID~LINES FOR REUSE

9. Source: Mr. Mohammad Khandagh, ~inistry of Environmental
Health, personal communication on September 3D, 1991, Amman,
Jordan.
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6.3.1 Jordanian Environmental Health Regulations.

The Government of Jordan, Department of
Environmental Health regulates water reuse in
accordance with the "Hartial Act of 1989, Articles
I, 2A, and 2B" issued September 25,1989. These

regulations prohibit discharge of raw wastewater
to rivers, or irrigation of any crops with
untreated wastewater, or pri~ary. effluent and
strongly restricts use of seco~dary effluents and
commingled waters.

1. For irrigation of food' crops which are
normally cooked before consumption, fodder,
orchards and forests, reclaimed water shall
contain <1000 fecal colif.rm per 100 ml and
<1 intestinal nematode eggs per liter during
the irrigation season.

2. Effluent not meeting the above conditions can
only be used for irrigation when:

a. Srinklers irrigation method is not used,
b. fruit is not picked from the ground, and
c. irrigation is discont'inued at le""t t",o

",eeks before harvest.

3. Effluent used for; rri,ation of publ ic
greenbelt, fields/parks or gardens must
contain <200 fecal coliform per 100ml and <1
intestinal nematode eggs p~r liter.

4. Land adjacent to streams carrying effluent or
commingled water may be used for cultivation
of food crops normally cooked before eating,
fodder, trees, or forests.

Ministries of Agriculture, Public Health, and
Water and Irrigation are charged with implementing
this Act and define stream types and "adjacent
lansls"; the:-. decreed that Wadi Dhuleil from Wadi

6-5
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10. Al Salem, S. and H. M. Al Tarazi, Compliance of Different
Wastewater Treatment Systems with WHO Guidelines for Use in
Unrestricted Irrigation, Regional Seminar on Reuse of Treated
Effluents, Amman, Jordan 23-27 July, 1989.
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6.3.2

As-Samra to its confluence wit~ Seil Zarqa (about
10 kilometers downstream, west of Sukhaneh) is a
treated effluent stream. Crop. may be those that
are cooked before consumption,! fodder, or trees.
From the confluence to KTR,the Seil Zarqa is
declared "commingled with effltj,ent". and crops to
be cultivated may be tho~e cooked before
consumption. fodder or tr,es. King Talal
Reservoir (KTR) is declared" "surface water",
suitable for unrestricted irrig~tion.

The Department of Environm.ntal Health has
moni tored water quality in the! various bodies of
water currently used for irrig.tion in Seil Zarqa
and in the Jordan Valley, inclu6ing those carrying
a large percentage of effluen~. Over the past
five years of monitoring for p.thogenic organisms
such as Shigella, Salmonella~ Cholera and for
nematode eggs, none have bee~ detected in the
irrigation waters. Comptiance! of the As- Samra
I.'SP effluent with these regul,+.tions and the WHO
Guidelinces. particularly d~ring the summer
irrigation season, was report¢d at a recent WHO
Regional Seminar10 •

World Health Organization andO~her Guidelines

Tentative guidelines issued by the World Heal~h

Organization (WHO) for use of ~eclaimed water are
shown in Table 6-1. These guidelipes are
advisory. The Government of Jordan specifically
adopted these Guidelines prior to adoption of its
own regulations, summarized above.

Severity of affluent, humid tegions' effluent
reuse standards should not be viewed as
appropriate under Jordan's ari~ conditions. Many
experts familiar with world~wide water reuse
experience support the less stringent requirements
(such as those in WHO Guidelines) as equally
protective of the public health under nearly all
conditions.

6-6
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TABU 6.'

WORLO HEALTH ORGANIZATION GUIOELINES rOR RECOMMENOEO MICROBIOLOGICAL
QUALITY or TREATEO WASTEWATER ErrLUENT IN AGRICULTURAL IRRIGATION

·In s:lec_hc cases. loc,l e:Q.demiolo9ic1l. sociocullural anG en...lronmenCliI tacrot:s ShOuld be lakan ,"10
account ,nClll'le fljuiCle1ines moo/tied :aceotCIinqly.

• A.sun.s ,nc! i flChu".s species and l'tooIl_orms.
·Ourlng Ihe irt'oation perliod•
• A mote sHineenl guideline «200 laeell colilOf>ms per tOO ml) is apgropl.a'e 101 public law"". SUCh IS

hOlel lawns. wrth ....nrcn Itle- public m&ly come "uo di'KI conlaCl.
·'n 1:'1. case 01 hUll trefl. 'trtgalion ihoutG ca..e IwO _ ..II:I Delo,e- truit is po",. and no Inril Poull'

"De plCIle<l oM tne ground. Sp:rinkler irrig,tion lJ'IoutG nol be us.e:t.

Pre,ruunenl as
,"ui,1'I1 by the
iTO.liOn
1echnology. bu. no'
less than primary
s.t'dimentarion

No standard AellMlion in
recommendltd S!tabiliza,;on pondS

'or 8-10 days or
eiQui¥alenl helm.nl:"
and laecal colilorm
removal ,-

NOl
applicable

NOl
applicable

""
Jrru;allon 0' WorJter$
cereal crops.
incus:nal crops.
loader crOtts.
pa$lure ana
trees·

LOC21i,ed None
irriQalic-n 0'
croos in
cate;ory 5 it
e.~csure 0'
workers and Ihe
public c=oes not
occur

B

c

Category Meuse Exposed InteSlina' Faecal Wastewaler
ccnailions group nemalodes· coliforms lIealmenr e.~ec:i!'C

(ariChmeric IgtomeltlC to aCnli!'ve In!
mean no. 0' mean no. Der recuuec

e99$ ger 1ooml, mlcroD'Olo;rcal
lilre-., Q-ualily

A Irtll;a!lon, of Worir.ers. "', "1000· ~ senes or
C~OC5 likely 10 consumer$. SlaDlliz:Ulon Donos
~e ~~Ie~ public fesigned !o a.C:'Iloe ... "
:.::,,:r:-~ .. *-: !he l'!'l1~tOOIO!O;':Jl
s:::::;. : ~l=:; q:ualily IOCIc.a:e:. j~

~u:'n: ;J3~I(S" ~Qu''talent ueal:nenl
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Water quality requirements for agriculture are
given in FAO Hanual 2911 covering a wide range of
parameters. These requirements are intended to
protect the crop yield and quality and the
long-term productivity of the soil. The
requirements are equally appli~able to irrigation
with various sources of water, including reclaimed
water. Some of the more perti~ent parameters are
summarized in Table 6-2 and' 6-3. Currently,
effluent from the As-Samra Stabilization Ponds
meets most of these requirements. The problematic
parameters include:

Total Dissolved Solids, Total dissolved solids
(TDS) in the As-Samra Treatment, Plant effluent is
rather high, ranging from 800 to 1,400 mg/l.
However, with proper management of the leaching
fraction, farmers can obtain normal yields from
most crops. Significant yield,reductions can be
expected if TDS remains consisltently above 1,000
mg/l and proper irrigation management efforts are
not undertaken. In "normal" precipitation years,
rainwater is very effective in removing salts
below the root zone, even if the farmer has not
allowed for a "leaching frac_ion" (additional
irrigation water). Drip irrilliation systems are
particularly effective in keeping the salts
outside the root zone, if pro~erly designed and
maintained.

Nutrients. Levels of nutrients (N,P,K, and
micronutrients) in the As-Samra Treatment Plant
effluent are fairly high. The nutrient load
applied to the soil can approach or exceed the
fertilizer requirements of most crops grown in
Jordan, simply from the undiluted reclaimed water
source used for' irrigation. farmers should be
alerted to the pre"ence of high concentration of
nutrients and advised to cut back on fertilizer
application accordingly. Excess fertilizer
application can pollute surface and groundwaters.
Also, it can lead to' reduced yield of fruits',
nuts, cotton, sugarbeet and other non-vegetative
farm products.

11. United Nations Food and Agriculture Organization, Water
Quality for Agriculture, Manual No. 29, 1978.
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Boron The most critical elelllent in the As-Samra
WSP effluent is boron, whose concentration has
been increasing rather dram_tically in recent
years, as shown on Fieure 6-1 1 Z • Boron
concentrations in 1986 were 'acceptable for A.ll.
crops.

Boron in the effluent has increased more than
five-fold since then. Boton levels in the
effluent are now (October 19$1) harmful to many
crops. Table 6-4 lists the relative tolerance of
various agricultural crops to specific ranges of
concentrations of this element in soil and water.
A comparison of this Table with Figure 6-1
dramatizes the fast rate at which the choice of
tolerant plants is declining. The leveling-off in
the last two years may be ,illusory, due to
incomplete data for 1991. The Directorate of Soil
and Land Reclamation reported a 1991 boron
concentration of 1.6.g/1 in Hay 1990 in the
influentl3 •.
If the general trend shown in Figure 6-1
continues, the undiluted effluent will be harmful
to the majority of crops now grown in

Jordan Valley in the very near future. Only the
most tolerant crops, such as cotton, asparagus,
sugarbeet, parsley, tomato. etc. will then be able
to be cultivated using this effluent, even after
dilution with other sources of water.

12. Sources: Royal Scientific Society, Report of the Quality of
Effluent from the As-Samra Wastewater Treatment Plant and the
Waters of Zarqa River, (from February 1989 to February 1990),
April 1990. The 1990 average was estimated from calculation of
partial monthly moni toring data. The 1991 projection was based
on monthly data through August 1991 and the previous year's trend
for the remainder of the year. Hontly data' for 1990 and 1991
were provided to the project team by WAJ.

13. Directorate of Soil and Land Reclam,ation, Hashemite
Government of Jordan, Effect of Boron Levels in the As-Samra
Treatment Plant Effluent on Agriculture in the, Jordan Valley, Hay
1990.
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In normal and wet years, dilut',ion of the effluent'
,0'111 help reduce boron concentration by the time
the reclaimed water re.ches the farm.
Nonetheless, it would be sou~d publ ic pol icy to
limit introduction of boron to the wastewater
stream through removal of boron compounds from
detergent formulations and limitation of
industrial discharges containing boron coapounds.
Data obtained from the Zarq~ pumping station14

indicate that high concentrations of boron
originate from Zarqa.

The Ministry of Commerce ,and Industry has
ini tiated a ban on the use of boron compounds in
detergent formulations. The ban is expected to
manifest its effects over seve!l"al years' time, if
vigorously enforced. Fortunately, there are
alternative harmless chem~cals that can be
substi tuted in detergent formuilations at no extra
cost to the manufacturer or the consumer. The
importance of limiting boron, in the wastewater
stream cannot be over-emphasi~ed, because of the
economic importance of protedting the nations's
food crops.

Chlorige. Chloride levels in.· the effluent are
relatively high and potentiall~ harmful for woody
spec ies of plants. At these' high levels, spra~·

irrigation can also result in, chloride damage to
plant leaves. For most crops, however, the
existing levels do not pose an immediate, serious
problem, particularly if surface irrigation is
employed. Discharges of brine by industries,
water softening devices and' other sources of
chlorides should be controlled to reduce chloride
levels in the effluent. A ban, on the future sale
and installation of self-regenerating (automatic I
home water softeners may be 'necessary if such
devices are being used. Cent~4lized regeneration
facilities for other wate~ softeners, and
commercial water softeners should be controlled to
prevent discharge of brine to the wastewater
system. Alternative disposal systems, such as
evaporative lagoons, or transPbrt to other basins
should be employed.

•
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14. Royal Scientific Soceity,
from the As-Samra Wastewater
the Zarqa River, April 1990.

Report of the Quality of Effluent
Treatment Plan~ and the Waters of
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Table 6_6

Heavy Metals In The KheLbat As-Samra Treat~ent Plant

Sa~?ling Date: December 25, 1988

BESTAVAILABLE COPY

0.01

<0.02

<0.01

0.C15

0.023

<0.002

<0.005

0.0002

0.0001

0.04 '

<0.02

I,

<0.01

0.005

0.023

<0.002

<0.005

0.0002

0.0001

0.12

0.002

<0.02

O.OO~

0.078

0.0025

<0.005

0.0001

. <0.01

Alu::linum

Arsenic

Cadr.lium

Cobalt

Chromium

COO:::ler

Mercury

Leae

Zinc

Source: Royal SCien:if1c Soctet~. Report of Study of AS'Sa~ra .~stc.ater irea~~t Plant

(from 1/1/1'86 to 31/1Z/19S'), June 1989, Page 174.
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Trace metals in King Talal Reservoir have come
Zarqa basin
direct and
of the KTR

from a variety of sources in the
leading to the reservoir. No
statistically reliable sampling
sediments has been conducted.

Trace Elements. Recomm~nded maximum
concentrations of trace ~lements in irrigatio~

water are given in Table 6-5. A comparision of
these limitp with data from the 1989 report of the
Royal Scientific Society~5 indicates that
concentrations of trace ele.~ts in the effluent
pose no problems for irrigate~ agriculture. Many
trace elements are necessary 'for plant growth as
micronutrients, in very small concentrations.
Hany of the trace elements are at concentrations
below levels of detection, as, shown in Table 6-6.
Industrial source control an~ appropriate
treatment of the wastewater should maintain trace
element concentrations below levels shown in Table
6-5.

Review of the geological character of the Zarqa
basin draining to KTR, shows no.significant natual
sources of heavy metal&. The major sources of
significant trace (hea\'yl metals are the
industrial sources within Amman and Zarqa and the
general runoff carrying settlable particulates
from non-po int sources (e. g., organic leads in
gasoline, tire catalysts and engine metals in oils
and lubricant leakage). Because of seasonal
rainfalls, the earls flushing rains of each winter
could carry hea~y metals to KTR along with
inorganic clays and silts whi¢h will be deposited
within the sediment of the reservoir.

Heavy metals reaching the ~SP system will be
settled in large part in the sludge of the WSP.
RSS data from 1987-90 indicated low levels of
various significant metals in both the influent to
the WSP and its effluent (no data is available on
WSP sludge), as indicated below:

15. Royal Scientific Society, Report of Study of the As-Samra
Wastewater Treatment Plant for Natural Purification and Its
Effluent, (from 1/12/1986 to 29/11/1987), February 1988.
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WSP Influent* WSP Effluent*
Metal 1987 1988 1990 1987 1988 1990

Cd <2 <2 <5 <2 <2 <5

Cr 20 <5 <51 <10 <5 <10

Cu 50 5 <41 20 15 <10-30

Pb 60 <20 <21 40 <20 =/<20

Hg .4 • 1 <.5 .2 .1 <.5

As 2 .2 <13 .4 .2 <5

Zn 200 23 200 23

* All values in micrograms per litre (ug/l).

Point sources of metals fQr the WSP system
generally are industries, ap~ these generally
discharge to the system through the Zarqa Pump
Station. Levels of metals (and ABS) in the sewage
from Zarga Pump Station are generally higher (2-10
times) than those from AGTP.

G.-1 FUTURE WATER REUSE OPPORTUNITIES

The remote location of the As-Samra Wastewate'r Stabilization
Ponds limits future uses of reclaimed water to primarily
agricultural irrigation. As Jordan becomes more
industrialized, as Amman and Zarqa expands, and as available
vater supplies becomes even more limited, industrial and
municipal water users will look in~reasingly toward
reclaimed water to meet their demands. For nearly all
municipal and industrial water uses, f~rther treatment of
the effluent (e.g., filtration, partial demineralization,
TOC removal and disinfection) will be required, with
substantial additional costs.
Urban uses may become possible if satellite treatment plants
are built close to reuse locations. S"ch plants have the
potential of relieving hydraulic and drganic load on the

6-11
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existing wastewater treatment plants a~d making reclaimed
water available for local use. Successful use of reclaimed
water on-site occurs in Cyprusl',l' .w~ere major tourist
hotels treat their own wastewater and reuse it for landscape
irrigation and toilet flushing l8 •

Some uses of reclaimed water in or near Amman may include
the following:

o Toilet flushing and air conditioning in industrial
and institutional buildings;

o Industrial cooling, processing, boiler feed;

o Dust control, construction uses, concrete mix;

o Street and drain cleaning, sweeping, removal of
residue;

o Fire fighting;

o Irrigation of parks, playgrounds, landscaping,
nurseries;

o Irrigation of golf courses, highway and airport
landscaping;

o Recreational lakes, decor~tive fountains,
reflection pools;

o Plant nurseries, fish hatcheries, agriculture;

o Groundwater recharge, surface spreading or direct
injection, indirect irrigation and potable
off-peak storage and reuse.

By the time such additional uses gain acceptance in Jordan,
worldwide experience will have developed the most economical
approaches to treatment, conveyance and 4istribution of the

16. Stylianou, Y., Findings of Cyprus Experience in the Field of
Waste Water Reuse, FAO Regional Seminar on the Treatment and Use
of Sewage Effluent for Irrigation, Amman, Jordan, September 1988.

17. Papadopoulos, I., Quality Appraisal of Treated Effluent for
Irrigation, FAO Regional Seminar on the Treatment and Use of
Sewage Effluent for Irrigation, Amman, Jordan, -September 1988.

18. Tebaii, Larbi, Personal Communication, September 25, 1991,
Playa d'Aro, Spain.
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o Increasing populations ~xerting pressure on
,

'i,...;- .......:li..-f , .•!'+ro. ..... !l;'f'l',,..,..,..!"'-

2. GOJ and WAJ aggressively enforc¢ its ban On boron (and
phosphates) in detergent formul~tions;

from the As-Samra S~abilization Pond. be
close to the point of discharg~ as

Effluent
reused as
possible;

o Improvements and effic~encies in wastewater
treatment technologies leading to reduced costs of
water reclamation proce_se. while at the same time
improving pollutant control.

reclaimed water. The cumulative im~act of suchsucces,ful
~ater reclamation may perauade the responsible public health
authorities world wide to relax s~me regulations ..The
following trends are expectlltd to result in relaxatiol) ot
some water' reclamation regulations .t the local, regiopal,
national and international levels, pl!.rticularly tor the Jess
direct human uses: .

o Increasing costs of developing the n~xt

incremental source(s) at w.ter;
!

o Global weather pattern ch~ges likely to lead to
warming, desertificatio~, and, reduced water
supply;

1.

World Health Organization guidelin,s for water reuse.are
under revie~ and are expected to b~ modified somewhat to
encourage greater local variationsr However, they "ill
probably remain essentially unchangE!ld in ,terms of coliform
and nematode numerical numerical guUleline". The Jordanian
Environmental Health Standards ~ill require periodic
revisions to reflect future needs ,f the country snd its
ability to provide more advanced t*eatment. Agricult~ral

~ater quality requirements are expec~ed to remain unchanged
as far as soil and plant sensitiviti~s to various parameters
are concerned. .

3. GOJ and WAJ control or eliminat~ industrial dischatges
of boron from Zarqa, brines, wa~er softener fluids,cand
trace pollutants;

RECOMMENDATIONS FOR WATER REUSE

The following are tentative recommentlations pending further
evaluation and discussion:

6.5
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4.

5.

6.

The Jordan Valley Authority, the Hinistry of
Agriculture and the Hiniutry Df Water and Irrigation
agree on a policy regarding expanded local agricultural
irrigation in Wadi Dhuleiliand Zarqa, to reduce
pollutant input to KTR; .

GOJ/WAJ enforce crop irrigation, restrictions imposed in
the Hartial Act of 1989 an~ provide educational
programs for local farmers ito protect the public
health, to prevent over-fertilization, and reduce
~roundwater degradation;

Control sale, installation and regeneration of water
softeners in Amman and Zarqa, review water softener
discharges and controls, and enact and enforce polices.

6-14
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INTRODUCTION AND SUMMARY

SECTION 7

ENVIRONMENTAL REVIEW QF THE

WASTEWATER STABILIZATION POND alSTEH AT AS-SAMRA
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7.1

7.1.1

7.1. 2

Format and Content

As required by the Scope of Consulting Services,
Section 3.1.2. (f), the following environmental
review identifies environ~ental effects resulting
from the major existing As~Samra system facilities
and their direct products including: 1) a 38.6Km
sewer/siphon system from AGTP through Zarqa to
As-Samra, 2) the existing stabil ization ponds at
As-Samra, and 3) the pond effluent as it passes
through Wadi Dhuleil, Sell Zarqa, and into King
Talal Reservoir.

The emphasis of thi~ section will be on the
performance of the existing system including the
effects of discharged effl~ent and the disposal of
sludge removed from the WSP. In this review, no
mitigation or compensatiqn measures are proposed
for an" adverse effect:s Also, since no
alternatives are available' for discussion at ,this
time, the review does not compare the existing
effects witl. those fro$ alternatives. Such
measures and comparisions 'viII form a vital part
of the evaluation of proposed projects which will
be included during the remainder of the stage I
development.

References to other sections of the Survey of
Existing As-Samra Wastewater Stabilization Pond
System are made in the review and this revie..·
should be considered as a part of the Survey.

SYstem/Facilities Description

The existing Wastewater Stabilization Pond System
at As-Samra includes a conveyance-treatment
discharge system which h~s operated since 1985.
The conveyance faciliti.s (a 1200 mm diameter
sewer/siphon) has operatedsuccessfull" with flows
of up to 170,000 cu mid. The Zarqa Pumping

7-1
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KEY ENVIRONMENTAL ISSUES
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7.2.1

7.2.2

Station pumps into the siphon and is presently
being upgraded. The As-Sa.ra Stabilization Ponds
are described in other sections of the Survey
Report.

Overloaded operating conditions (bot~ flow and
BODs loading) reduce disso!ved oxygen and increase
ammonia and nitrates in the effluent. Other
potentially detrimental chemical constitu.nts
(e.g., dissolved solids, boron, phosphorus, etc.)
--. ""'''''0 .; ..... .rl,.~_~ r'7~·~.-l<? prr ~t:lt f!!ffror+~~

~.ibH.l.i:"("u.. ,U.. ~). or may be 1.Ilcl:e.ti&E:d b)' up \'0 ill
percent, through the treatment process because of
evaporation. Most inorgahic compounds cannot be
efficiently removed or d~creased by the waste
stabilization pond treat.e't process.

Pro iect Region

The Project-affected en~ironment encompasses a
very large tri.ngula~ region from Amman
northeasterly to Khirbet As-Samra, westerly to
King Talal Reservoir and the Jordan Valley, and
southeasterly to Amman. Tl:te Jordan Valley
irrlgation water supplt comes largely from
wastewater produced by most of Amman and Zarqa
which flows by sewer/siphon to the ponds at
As-Samra. Treatment Pond ~ffluent then flows back
to the Jordan Valley via Wadi Dhuleil, Seil Zarqa,
King Talal Reservoir and related irrigation works.
The WSP sTstem therefore indirectly affects the
irrigation supplT of the Jordan Valley.

Environmental Resources Affected

The As-Samra System WSP has the potential to
affect several significant environmental resources
of the Project Region:

o Groundwater tables and aquifers.

o Surface runoff.

o King Talal Reservoir.

o Public Health

7-2
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o Air quality in the Hashimiyeh and Zarqa
area.

o Cultivated lan~s around ponds, along
wadis, and in the Jordan Valley.

o Riparian habitat$ along Wadi Dhuleil and
Seil Zarqa.

Within the WSP System Project Area, there are
several other sources of air and wastewater
discharges, which also affect the environment
and may interact with e.issions from the WSP
system. Hajor and most di~ect non-Project effects
arise in the Zarqa urban a~ea which extracts large
amounts of groundwater and which has numerous
sources of untreated or minimally treated
wastewater disposal either to the Wadi Zarqa, Wadi
Sa'id, or to other wadis and their underlying
aqui fers. The Jordanian Petroleum Company's
refinery in Zarqa uses 5000 cu mid of water from
the local water table and discharges treated
wastewater. The refinery is an air pollutant
source which can reach ground levels in the
surround ing ridges (including Hashilliyeh and
Zarqa) . The Al Hussein power' Station at Zarqa
(oil - fueled gas turbines, 4000 HW) also uses
large supplies of water from local sources,
generates high dissolved solids and discharges
treated wastewater. It also releases large amounts
of sulfur dioxide in air ,missions. Industr)' and
numerous military bases in the area also use local
groundwater sources, provide only basic wastewater
treatment, and discharge td ~adi Said/Sayeh.

Numerous villages along Wadi Dhuleil, Wadi Zarqa,
and Seil Zarqa exist and appear to be expanding as
new roads (e.g., Zarqa~Jerash road) provide
improved access. Thes. villages generate
wastewater and agricultural runoff which enter
local wadis and eventually into the groundwater
basins, including Wadi Dhuleil and Wadi
Said/Sayeh.

The area also contains numerous industrial
manufacturers in~luding ~oap manufacturers in
Ruseifa and canning operations in Zarqa, Host of
whom have little, if any, wastewater treatment.

7-3
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SECTOR REVIEWS

The following sector review discuss,es the above overview
concerns and issues and briefly describes the reported and
probable significant adverse effects because of the WSP
system from Ain Ghazal through the As-Samra Ponds, and
thence to King Talal Reservoir. Odors and surface water
qual i t~· impacts have been identi fied as significant adverse
impacts both locally ~ithin the Project Area and within the
larger Project Region. These effect~ arise at least in part
from overloading of the ~aste stabilization ponds.
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7.3

7.2.4

7.3. 1

Q~eryiew of En~ironaental .Issues and Concerns for
As-Samra WSP System

Se~eral major en~ironmen~al issues and conc~rns

ha~e arisen regarding the WSP system and
particularly effects res~lting from the present
o~er-loaded condition of the stabilization ponds.
These are brieflY listed:

o Emission of hydrogen sulfide and other
odorous gases.

o Eutrophication of streams and
reser~oir~.

o Evaporation of a water resource.

o Groundwater quality decline through
effluent seepage.

o Public health through irrigation of
agriculture with treated effluent and
proliferation of insect vectors.

o Biotic habitat improvements.

Air Quality

Odors are currently generated by the release of
hydrogen sulfide and other odorous gases at the
As-Samra headworks, at the ,anaerobic ponds, and at
the cascading interconne~tions between ponds.
Hydrogen sulfide release from the headworks where
the sewer/siphon discharges occur is because of
the long detention time in the sewer/siphon,
non-use of previously planned aeration at AOTP,
and and turbulent flow conditions at the
headworks.

7-4
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7.3.2

Odors from the interconnection structures between
ponds are a result of turbulent water conditions.
The anaerobic ponds discharge odors from normal
biological activity.

Odors appear to peak duri~g early morning hours or
near-calm conditions and generally reflect the
release of hydrogen sulfide at the headworks, the
release of hydrogen sulfi!:le and other gases from
the overloaded anaerobic and facultative ponds,
.~~ th~ odors from decsyir~ -'r~' rnd other
odorous materials in the ~adi channels and along
the pond edges. These odors generallY occur
within five kilometers of the stabilization
ponds.

The high plateau location of the As-Samra
treatment ponds allows down slope gentle winds to
carry these emissions to downwind residential
areas. The plateau location also allows for
dispersion over a large a~ea when lower elevation
stratification occurs. Valley locations may also
be subject to such winds or cool night/ morning
stagnation at the Ain Ghazal headworks, the Z8rqa
Pumping Station and the Hashimiyeh pumping
station, although to a les$er degree.

Wind directions and dispe~sion are not adaquately
documented to demonstrate the relationships
between odorous gases f~om the ponds and from
other facilities, for example from stack' and
fugitive emissions from the refinery, or from
stack emissions of the Power Station.

Exposure of anaerobic sludge during desludging
operations will form a si.nificant source of air
pollutants .. Air drying, will generate odors
released from the surface, while mechanical
pumping of sludge and mechanical agitation during
loading will again release hydrogen sulfide and
other gases.

Surface Water Resources

The ponds produce an effluent with relatively high
BOD and suspended solids. 'The BOD is greater than
100 mg/l. These high levels of BOD and suspended
solids are due more to organics and solids rather
than algae which naturally occur in properly
operating ponds. Ammonia levels are greater than
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50 mg/1. Effluent water quality is unsuitable for
fisheries but is suitable for irrigation of many
crops. Some effluent is:used directly for local
irrigation along Wadi As-Samra, Wadi D~uleil, and
Wadi Zarqa. The efflu.nt from As-Samra WSP
contributes about 20 percent of the annual runoff
during a normal runoff year into KTR. Recently,
because of drought conditions, the flow from the
WSP system has reached ~5 percent of the total
annual runoff. Flows int9 the KTR are first used
for power generation and then for irrigation in
~he Jordan Valley.

Before the WSP system was constructed, stream
flows (and some local vill:age drainage) were close
to untreated sewage. Base flows were estimated at
0.6 cu mlsec, both at Ain ~hazal-Wadi Zarqa and at
Jerash Bridge-Seil zaraq. With treatment at
As-Samra and Jerash, imProved water quality and
increased flow has encouraged greater recreational
use of accessible banks oi the Seil Zarqa.

Effluent discharges represent the only year-round
source of irrigation water along Seil Zaraq,
especially during the rec~nt dry years, and these
support significan riparia~ vegetation and crops .

The existing treatment ponds, .~pen channel flow,
ch,.nnel infiltration, ,and natural riparian
vegetation, allow for evapotranspiration of up to
20 percent of the total flol-·s. King Talal
Reservoir itself loses 20,000 cu mid to
evaporation. Total evaporati,-e and riparian
transpiration losses bet~een Ain Ghazal and the
Jordan Valley are significant.

In the arid to semi-arid environment, ~ater forms
a vital and development-l~miting resource both by
its availability and in ~ts quality. Existing
effluent, forms a very lar,e portion of the annual
flo... to the King Talal Rieservoir and provides
more than 100,000 eu mid of water suitable for
riparian biota and agricultural irrigation.
Effluent phosphates, nitr~tes. and ammonia also
provide important resource~ which if removed from
the wastewater would require increased use of
fertilizers. Irrigation of: land close to the pond
system, rather than downstream of KTR would both
conserve water and make better use of the
fertilizing content of the effluent. It would also
reduce the total addition of sal ts to the Jordan
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Groundwater Water Resources

o Recharge of gr~undwater basins by
rainfall and runoff will be reduced by
the ever increa~ing demand for water.

s¥stems would have to be
groundwater resources

Valley. Local drainage
improved however and
properly managed.

o Depleted groundwater basins in Zarqa~re

recharged with ~astewater discha~ge
which flows undersround or rises to the
surface to replebish downstream water
tables. further degrading these basins.

o Leachate water from irrigation will
recharge the dePleted groundwater table
with increasingly degraded water
quality.

o Greater domestic and industrial
wastewater discbarges and irrigation
drainage generate~ lower quality surface
water for recharge.

o Increasing groundwater uses accelerate
infiltration tates for perenn~al

wastewater sources (including As-Sam~a

pond seepage I. reduces the dilution
effect of rainfall. and thereby
increases th~ pollution of the
groundwater basins.

Locally, groundwater is .ffected directly from
both a minor amount of pond _eepage and by
channel recharge of ,ffluent along Wadi
Dhuleil/Seil Zarqa and in~irectly from downstream
uses of effluent for irrig.tion. Some groundwater
effects ~lso arise from other nearby local uses vi
effluent and discharges of 'wastewaters.

The most significant grou~dwater quality chapges
occur from the direct discharge of effluent to
Wadi Dhuleil and eventually to Seil Zarqa. Re~iew
of the available and reported information and
assessment of groundwater conditions in the area
indicate the following general water quality
relationships:

7.3.3
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Biotic Resources

Effluent from the ponds supports an extensive
upland habitat around the ponds and riparian
habitats along Wadi Dhuleil, Seil Zarqa and around
the King Talal Reservoir.

o Recharge of depleted groundwater basins
with loIastewaterwill result in increased
levels of dissQlved solids, nitrogen,
phosporus, and _mmonia re.aining in the
basins.

the Wadi Zarqa and Wadi
and KTR are not large in
and are not expected to

BESTAVAILABLE coPt
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biota within
Seil Zarqa,

or diversity

Without the wastewater ponds and effluent
discharge, significantly less. (virtually no)
irrigation and groundwat~r recharge would occur
along Wadi As-Sa.ra and .O$t of lower Wadi Dhqleil
(below As-Samra). Furthermpre, some degradation of
the shallow groundwater table would still occur
because of other discharges in the local area.

Effluent nutrients have been suspected to
encourage eutrophication rn the reservoir, which
inhibits aquatic biota. However, The reservoir
loIas reported as eutrophi,c during its earliest
operations and 1oI0uid be e~trophic loIith or without
the As-Samra efflent. This assessment is. based
upon several reports (Tha,mes, 1988) and our own
evaluations.

Vegetation and avian wildlife surrounding the
existing stabilization ponds are of high value in
the relativel~- barren desert habitat. Natural
desert and steppe vegetation is affected by the
present cultivation of efifluent-irrigated o!i\-e
groves. Irrigation and olive trees increase the
loIildlife habitat diversity compared to the
overgrazed areas outside the protective fence
line. Treatment ponds and the surrounding
orchards support a co_uniity of reptiles, birds,
and small mammals and their related food-species
of plants, insects, and other invertebrates. Even
the effluent-maintained Ilitream belolol the ponds
supports riparian and uplahd vegetation (watered
indirectly from irrigation runoff) along the loIadis
and Seil Zarqa.

Aquatic
Dhuleil ,
numbers

I
I
I
I
I
I
I
t
I
t
I
I
I
I
I
I
I~

I
I



I J

I l
I
I
I
I
I
I
I

"I
I
I
I
i
I
I
I
I

7.3.5

7.3.6

include any unique Bpeciel!l. Before the effluent
diBcharge from AB-Samra,the biota were reported
to be characteriBtic of Bewage polluted BtreamB.

The KTR iB a long, narrow, winding and ~eep

reBervoir and haB very liaited natural mixing and
aeration; This enhances the potential for
eutrophication. The upBtream baBin rece,!veB
drainage and sewage from Beveral different
villageB, Baqa, JeraBh, "d AB-Samra. Development
in the baBinB will intenBify irrigation and other
non-point diBchargeB which will increaBingly
release nutrients to the downstream chann~ls ~ncl

the KTR. Fertilizer UBage' in the baBinB, treated
effluent from other urban centerB, and treated
effluent from the As-S4mra ponds will yield
Buficient nutrients to enc.urage eutrophication in
the KTR during even normalirain years.

Cultural ReBOUrces

Many prehiBtoric and hiBtoric antiquitieB are
known within the Project area and along wadi
floodplainB and terraceB. 'NumerouB hiBtoric ruins
are recorded on topographi~ mapB, and surveYB have
identified many hiBtoric ahd prehiBtoric remainB,
sites, structures, and villages. The Ain Ghazal
(leBs than 500 meters weBt of the existing
treatment plant site) and Khirbet As-Samra sites
represent important locations requiring complete
protection. The many sig~ificant archaeological
resources reflect the important regional
transportation corridor of Wadi Zarqa-Wadi
Dhuleil-Wadi Sayeh/Sa'ida-Seil Zarqa which form
the natural phYBiographic corridor for travel
between the Jordan Valley and the eastern deBerts.

Public Heaill

Effluent water quality is unsuitable (due to high
BOD, ammonia, phoBphateB, etc) for most urban or
induBtrial water Bupply needs but iB Bui table for
irrigation of many feed, grain, and cooked
vegetable crops. Fecal coliform levelB in the
effluent are within acce~table limitB (after
chlorination); parasite larvae and egg levels are
reported aB undetected. Although existing
regulationB restrict some ~eneficial useB of the
effluent in the wadi channe~s above the King Talal
Reservoir (KTR), pumped or well-fed irrigation
systems uBing effluent occur along the entire
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length of Wadi Dhuleil and Seil Zarqa.
Water-related recreation .xists wherever acc~ss,

vegeta tion, and land are' sui table. No adverse
public health effects have been reported with
regard to current recreational or irrigation uses
of the treated effluent.

Bacteriological quality ~f effluent along Wadi
Dhuleil generally meets discharge requirements
when chlorinated, and repQrted increases in fecal
coliform downstream of the ponds are most probably
due to local discharge of untreated wastewater,
cesspool effluent or seapage, and runoff from
various livestock sources along the wadis.

Effluent recharges the alluvial groundwater table
along Wadi Dhuleil and Sei1 Zarqa and has probably
participated in degra4ing local well water
supplies and increased the potential for adverse
health effects. However,' a piped potable water
supply is available in, the area. Effluent
irrigation has increased crop yields for the area,
generated higher cash returns, and has probably
raised the standards of l~ving for many farmers.
These improvements may compensate for poorer
quality or loss of local water supplies for
potable purposes.

Increasing salts (above 1,500 mg/l), nitrogen,
BOD, and even fecal coliform bacteria can be
attributed to increasing surface applications of
the effluent without sufficient leaching controls,
to livestock, and to local wastewater production.
Local degradation of water supplies and associated
publ ic heal th concerns are only indirectl}' real ted
to the WSP effluent and its quality.

Snails suitable fo~ vectors/intermediate hosts for
schistosomiasis are report~d in KTR and along Seil
Zarqa. Public health departments and other
agencies have conducted health monitoring,
inspection, and education':l programs in order to
prevent development of .ny infestations. If
infestations did occur, r~lated diseases could
potentially have significant adverse effects on
public health. The perfor~ance of stabilization
ponds is sufficient to re.ove parasitic eggs and
larvae from the effluent, ! and thus the effluent
would not contribute directly to risks. However,
the effluent does support the riparian and stream
vegetation which shelter snails and other
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intermediate hosts/vectors; thus the effluent and
the biotic benefits indirectly contribute, to
potential health risks. '

Increased vegetation and open water surfaces in
the As-Samra ponds area and along Wadi Dhuleiland
Seil Zarqa provide hab~tats for insects,
including mosquitoes and flies. Infectious
disease associations of t~ese vectors increases
the risk of vector-borne idisease in areas along
Wadi Dhuleil and Seil Zarqai•

The overflow of raw se~age ~t Ain Ghazal Treatment
Plant during wet weather conditions creates
adverse enviro~ental i~adt along Wadi Zarqa and
Seil Zarqa, particularly f!or communities who are
now accustomed to "sa(e" conditions at most
times.

Land Uses and Besource.

Land uses within and adjac4nt to the Project area
vary from residential an~ commercial uses, to
irrigated agriculture, deserts and reforested
desert lands. The Ain Gh"al Treatment Plant has
been abandoned but the site and capital
improvements have been retrined: in a mixed ul'ban
area of residential and ndustrial uses. The
sewer/siphon passes through low density rural and
cultivated areas.

The stabilization ponds a.e located in a desert
area and have minimal adyerse effect on other
beneficial land uses. With protection from
o,oer-grazing. vegetation! at the WSP site has
improved while the effluent I provides for increased
irrigation above the KTR and in the Jordan Valley.

Odors and groundwater effects are considered by
local residents as having reduced the value of
land in the vicinity or th~ ponds and lower Wadi
Dhuleil. However, the availability of effluent
for irrigation has increas~d crop yields and the
value of cultivated lands in the area. The
fertilizer value of a..on~a and nitrates in the
effluent reduces the need for fertilizers and
thus ~he cost of raising crbps.
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No sludge has been remoyed from the As-Samra
Stabilization Ponds an4 therefore no sl,dge
disposal has occurred. Required desludging of the
anaerobic ponds and disPo$ai of such sludge will
possibly have significant ~nvironmentaJ effects.

Resource ConservatioD

Resource (e.g., water andi nutrients) and en~rgy
losses arise in different 4egrees during operation
of all wastewater treatment systems. In Jordan,
water is one of .. in, most important resources. The
As-Samra ponds lose significant amounts of water
by evaporation during the summer and minimal
amounts through seepage. .

The downstream Wadi Dhule~l-Seil Zarq flows and
storage in the King Talal ~servoir, may lose aore
water to evaporation, rip~rian transpiration, and
percolation than do the po~s themselves •

Nutrients in the treate~ effluent represent
important resources. Large amounts of nitrate
fertilizer are imported to! Jordan and applied on
irrigated crops. The WSt> effluent is rich in
these nutrients and generaJly can be expected to
produce crops equivalvent to those cultivated
using artifical, imported fertil~zers.

Some resource recycling oriconservation occurs by
local farmers irrigating with effluent.
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GENERAL

Many mechanical, electric, and instrument-control
equipment at the headworks are in need of maintenance,
repair, and replacement.

SECTION 8

CQHCWSIONS AND BBCQHtf,"",ATIONS

accommod'a te
:,

are a.Iequ:ate to
to 5,000 du mid.

The septage facilities
present and future flows

The odor facilities are not opera1fing as designed and
new or upgraded equipment should ~e provided with the
expansion. A safety hazard (High HzS levels) at the
septage degritting structure prevents adequate
maintenance and operation. This must be corrected
immediatel~' b~' repairing or replac1ng exhaust fans to
meet the air changes required and ,if the odor control
system is working , supply the che.ica1s in the amount
required to eliminate odors.

This section summarizes th~ conclusions and
recommendations resultine from the studies carried out
in preparine the final Comprehensi¥e Survey Report for
the Upgrading and Expansio». of Wastewater
Stabilization Pond System at As-Sa*ra.

AIN GHAZAL HEADWQRIS AHD SDERISIPJOM STSTD

The existing headworks facilities at Ain Ghazal are
currently accommodating hydraulid loads greater than
their design capacity, in terms of 'both dry-weather and
wet-weather flows.

Trash and solids are delivered ~o the sewer/siphon
pipeline instead of being removed because of the higher
than design flow rates and inoperative equipment. This
should be corrected immediately by' closin. the sluice
gates to the' aerated .ri t tanks ,to approxilllste thEi.
design flow (68,000 cu mid) while bypassin. the
remaining flow. The existing equipm.nt must be repaired
or repl.ced to allow operation as ~riginally desiened.
Placing the grit facilities into ~peration will also
allow the scum removal pipe to function as designed.
Hanual screens with smaller openi~gs should also be
installed downstream of the eXisting mechanical screens
to remove additional trash and solids and replace the
intended function of the comminutor. These items
(placing grit system in operation and installing

8.1
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smaller· screens) will reduce the .olids loading on the
sewer/siphon and the WSP and will also reduce scouring
effects within the pipeline.

An expansion of the headwork will be required to serve
the projected year 2005 flows. As ~art of the long-te~
scheme, the existing facilities slJould be upgraded by
installation of more suitable sqreens, .grit removal
facilities and modifications til the odor control
facilities.

The sewer/siphon has operated ~atisfactorily since
commissioning. Urgent maintenanee attention to the
cathodic protection system and replacement of anodes,
if required, is essential. Maint~nance personnel must
also remain vigilant in inspe~ting the pipeline
alignment for potential problem. such as wadi bank
erosion and any problems corrected 'promptly.

The blow-offs along the pipeli~e should be opened
briefly to determine if the pipeline is filling with
solids. If the pipeline is not Ifilled with solids
beyond a minor amount at the 10w-pQint, the swab should
be Bent through the line to remove! slime and the minor
amounts of solids. If the pipeline 'is restricted at the
low point, the expansion should contain' provisions for
cleaning the pipeline after a ne~ parallel pipeline
(required to deliver future flows to the WSP) has been
installed and placed into operatiort.

-'"
Once the parallel pipeline has ~een installed. the
calcareous lining should be inspect~d by television and
repairs made, if required. This Mork can be included in
the work for the expansion.

One improvement which should be cprrected immediately
is the installation of a chained an~ locked gate at the
entrance to the siphon to prevent anyone from entering
and falling into the open diversion' structure.

An operations plan should also b~ prepared and the
operations personnel trained to' respond to major
emergencies that might occur at the headworks or to the
pipeline. These include flooding, fire,breaks, toxic
releases,valves sticking in t~e open or closed
position, and the cleaning device' being stuck in the
sewer/siphon. Natural disasters or negligence by third
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parties might occur which could cause these
emergencies. The plan should also include responses to
emergencies at the pump stations a~d the WSP.

8.3 PUMP STATIONS

The Zarqa (once expanded). and Has~illliyeh Pump Stations
are in satisfactory operating c,ndition and require
only routine maintenance and ~epair/replacement

activities to be carried out. fhe instrumentation
equipment at Hashimiyeh should be 'repaired or replaced
to allow automatic pump operation.

An expansion of the Zarqa Pump Station will be required
to accommodate the year 2005 flows~

8.4 WASTEWATER STABILIZATION poNDS

The existing wastewater stabilization ponds (WSP) are
severely overloaded and became so shortly after
commissioning. Contributory to the! overloading were the
decisions taken during construction to (1) abandon all
use of the AGTP and (2) convey 'all wastewater froID
Zarqa and Hashimiyeh for treatmept at the WSP. The
design criteria adopted for the WSP included the
assumption that a number of facultative ponds operated
in series would act in a mode similar to that of a
single large facultative pond, d~sregarding the high
organic loading on the first ponds of each series.

The WSP operators have some flexibility available in
operation of the facultative po~ds. They may (1)
operate the facultative ponds in either three parallel
trains with four (or five) ponds lin series or as six
parallel trains with two (or thr~e) ponds in series,
and (2) recirculate effluent from the maturation ponds
to the inlet distributor of the first facultative
ponds.

Because of the severe hydraulic and organic
overloading, it is impossible to make minor
improvements or operational changes which would allow
the pond processes to approach typical modes of
operation for this type of facility or improve effluent
quality or to significantly affect performance.

However, operation of the facultative ponds in six
parallel trains does not require substantial investment
and is recommended. The latter mat be done at no COSt
and will reduce organic loadings on the initial
facultative ponds (Fl-1, F2-1, and F3-1). Any
improvement in effluent quality will be minimal,
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however. Operation of the recirculation facilities is
costly and would be of little b~nefit under present
conditions.

The anaerobic ponds must be desludged periodically.
Although these ponds are performi~g better than their
original design assumptions, the 0 & H manual criteria
for desludging (on the basis of isludgeaccumulatioD
depths) has been exceeded. Sludge ~emoval will increase
the retention time in the WSP sTst•• , avoid transfer of
sludge to downstream ponds durill'g peak wet-weather
flows. and should thus enhance petformance. In crder
to avoid the adverse effects of removing one pond from
service, it is recommended that additional anaerobic
ponds (similar to AI) be constructed as a short-term
upgrading measure for use during the desludging
operation. These ponds can be into the expansion. Scum
blankets on the anaerobic ponds should also be removed
during desludging. A sludge dredge with the necessary
appurtenances should be acquired to pump sludge from
the anaerobic ponds. It may be !r0ssible to use the
existing slud e f . t AGTP, to thicken
the s u Ie pr or to disposal.

Odors fro... the WSP have led to co.plaints from nearby
communities. Surveys have establis~ed that much of the
odor is generated at the WSP headwo~ks structure. It is
recommended that the existing inlet"be covered or
sealed and vented through an odor scrubbing system as
part of the immediate upgrading measures and expanded
and improved during the later expansion program.

Additional inlets and outlets to reduce short
circuiting should be installed during the expansion.

Additional chlorination capacity should also be
provided i ....ediately to meet the ptesent disinfection
requirements. The equipment can be incorporated into
the next expansion.

One immediate improvement which would improve the
effluent quality substantiallY is the addition of
oxygen into the treatment process. Floating aerators
located in the second anaerobic pond could be installed
using diesel engine generators for the power
requirements. ~owever, prior to making such a large
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The AGTP facilities can be u~ed for stormwater
retention prior to return to the sewer/siphon. This
would avoid these high flows which disrupt the normal
treatment process at WSP.

The potential benefits from reacti~ating AGTP does not
just ifythe capital costs involved and the subsequent
high 0 & H costs.

It would be technically feasible to reactivate AGTP as
an activated sludge treatment facility or to modify it
to serve as a primary treatment facility. In either
case, the eff luent qual i ty wou14 be unsuitable for
discharge to Wadi Zarqa and the treated effluent would
be returned to the sewer/siphon f9r further treatment
at the WSP.

BESTAVAILABLE COpy

The existing sludge facilities ~t AGTP, including
thickeners, digesters, belt pres~es and accessories,
should be evaluated to determ~ne if it would be
economical to use them during 'desludging of the
anaerobic ponds, for treatment of .eptage, for further
treatment of sludges from other tljeatment plants of a
combination of the"", sludge operations.

~ater reclamation and reuse for agricultural irrigation
is considered an important supplement to Jordan's other
.ater resources. Most of the treated effluent from the
~SP is used for irrigation in the Jordan Valley, after
storage in KTR. Effluent from the wSP is currently
suitable for irrigation of mos!t crops, although
marginally so for a few crops which are sensitive to
boron, total dissolved solids (TDS), and chlorides. If
used within the existing regulatory requirements and
wi th proper irrigation management, •the effluent should
not harm the public health, crops, or soils. The
effluent meets most of the irrigation water quality
advisory guidelines issued by the World Health
Organization. Those parameters which might be
considered problems include: 'l1DS (which can be
alleviated by proper irrigation ma*agement), nutrients
(which reduces the need for fertillzer applications),
boron (which must be reduced by cpntrol of detergent

8.5

8.6

I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I
I'
I
I



BESTAVAILABLE COpy

8-6

ENVIRONMElQ'AL REVIEW

o Industrial discharges ~f boron from Zarq_,
brines, and trace elemen~s be controlled.

boron and re~istant phosphates in
formulatio~s be aggressively

The ban on
detergent
enforced.

o

o groundwater tables and aquifers
o surface waters
o King Talal Reservoir
o air quality in the Hashi~iyeh and Zarqa areas
o loss of water resources to evaporation
o public health

The existing overloaded condition at the WSP has the
potential to affect several environmental resources in
the region. These concerns include I the impacts upon:

o Educational programs for farmers related to
public health protection and irrigation
management be provided.

formulations and industrial disch~rges), and chlorides
(~hich can only be reduced by controlling industrial
discharges).

o Crop irrigation restTictions placed by
existing legislation be enforced, and

There should be no major concern ~ith continued use of
treated effluent from the WSf for agricultural
irrigation, provided adequate disinfection of the
treated effluent is continued. It is reco..ended that:

Comparisons of influent and effluotnt flows at the WSP
and evaporation rates indicate that limited seepage
from the ponds does takes place. there is also assumed
to be some loss of effluent water! into the underlyinc
alluvial and bedrock along the channels of Wadi Dhuleil
and Seil Zarqa.

Before construction of the WSP, drt-weather stream flow
in the Seil Zarqa was comprised e~clusively of treated
effluent from the AGTP and Jer.a$h and of untreated
wastewater from other sources. The quality of effluent
from the WSP is an improvement on previous surface
water quality.
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Treated effluent from the WSP is a large part of the
annual inflow to KTR, ranging fro~ 20 percent durin~

normal years to over 80 percent during dry years. In
addition, KTR receives a number of discharges of
industrial wastewaters fro. the Zarqa· basin and surface
water runoff from the phosphate mining areas within its
catchment, which has a major i_pact on the water
quali ty at KTR.

Odors arising from the WSP are a presistant source of·
complaints from nearby co_unities,: some more than 5. cr
km from the WSP. Surveys have indi¢ated that most odor
is released from the WSP headwo~ks. Early action.
should be taken to enclose the he.dworks and exhaust
the gases through a scrubbing syste••

The large surface area of the WSP inevitably leads to
evaporation. It is estimated that 10,000 - 15,000 cu
mid (average through the year) of water is lost to
evaporation. Evaporative losses at,the WSP can only be
lessened by reducing the evporative:surface area of the
treatment facility and using treat~ent processes which
are more costly to operate. .

No adverse public health effects with regard to
irrigation use of the effluent lfrom WSP has been
reported, and none would be expec~ed. The Jordanian
Ministry of Health monitors water ~uality and conducts
epidemioloigcal surveys in the area, Effluent from the
WSP is chlorinated and its quali~y is· monitored and
controlled. There are likely to be greater health
risks associated with uncontrolled local discharges of
untreated waterwater, cesspool effluent or seepage, and
runoff from livestock areas. To er.sure that polluted
groundwater is not used for domesitic service, piped
~ater supplies should be available to all dwellings.

8-7
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APPBNDIX 11.
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BFFLUBIn' HOIHTORIlfG PROGUH POR .sP A't AS-SAMRA
BY THB ROYAL SCIENTIPIC $OCIBTY

BC
B
BC03
POG
P04
CL2
ABS

both the WAJ Control
All Samples for' WSP

samples. All other

HOlfITORIlfG SAKPLB
PRBQUBlfCY TYPB

cu m/dl* Continuous Meter
mg/l ,* 2/month Grab
mg/l * 2!month Grab
mg/l * 2/month Grab
mg/l * 2/month Grab
mg/l * 2/month Grab

mg/l '* 2!month Grab

mg/l * 2/month Grab
mg/l * 2/month Grab

mg/l 2/month Grab

mg/1 2/month Grab
mg/l 2!month Grab
mg/l 2/month Grab
100 ml 2/month Grab
100 ml 2/month Grab

Electrical Conductivity
Boron
Bicarbonate
Fats, Oils, and Grease
Phosphate
Chlorine Residual
Alkylbenzene Sulfurnate

1.0.

(eggs)

TFSS

TS
TV
TFS
TSS
TVSS

COD
BOD 5

S04
NH4-N
N03-N
TCC
TFCC

TDE
SAR
ALK
T-N
T-P
H2S
MBAS

NEMATODES
ASCARIS
HOOK WORMS
TRICHURIS

Identification ALGAL

PARAMBTBR

Sample analyses are undertaken at
~aboratory and the WS? Laboratory~

Laboratory analyses are composite
samples are as indicated.

Acc:c~onal analysis are provided on a onc~ per month basis by the
i'~~ <.~,:: ;..'.:.J Central Laboratcrles. Tbey lnclude the following:

Flow
Total Solids
Total Volatile Solids
Total Filterable Solids
Total Suspended Solids
Total Volatile 'Suspended

Solids
Total Filterable

Suspended Solids
Chemical Oxygen Demand
Total Biological Oxygen

Demand
Biological Oxygen BOFD

Demand-Filtered
Sulfate
Ammonia, Nitrogen
Nitrate, Nitrogen
Total Coliform Count
Total Fecal Coliform Count

1.-1

BEST AVAILABLE COpy

Tc:a: ~issolved Solids
Scci~~ Adscrption Ratio
Alkalir.ity
Total Nltrogen
Total Phosphorus
Hydrogen Sulfide
Methylene Blue Active

Substance
Parasites

Analyses of heavy metals are reported monthly.

Algae

•
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AfPBIDIX B

RICOMMBIDBD ADDITIOIlALSPNUc PARTS
POR CBLORIRATIOR IQUIPKBMT

I
I
I,
I
I
I,
I,
I
I,
I
l
I,
,
I

ITEM DESCRIPTION

Gasket
N-Notch

Shaft Seal
Window
Nuts, Washers
O-Ring
Pipe Plug
Elbow
Diaphragm Assembly
Seal Gasket, Seals, Gaskets

Spring Stop
Springs

Stem
Stem Bottom
vacuum Gauge
Ada};tor
1" Chlorine Stop Valve Assembly
Valve
Alarm Box
Gromrr,e't
Ancce
Im~erslon Heater 4K 220 Volt
Plug
Clamplng Plate
Sleeve Clamping
O-Ring
Stud
Ball & Seat Assembly
Throat Exit Assembly

B-1

BEST AVAILABLE COPY

PART NO.

P3450B
P36983
P36802, PC5875B,P37015
928509
P21488B
P39235B
017357
P34506B, P83510, P80830,
1'8734, P37541, P36988,
P36984, P36982
P36967
1'38604, P36966, P36698,
P26482, P37003
p83721
1'42394
082500
P39238
l/80668
U83172
1181021
P30760B
*30764B
080462
P38591
P37001B
1136931
1'44120
1136834B
080723
018250B
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CHEMICALS & MATERIALS

APPBIWIX C - 1

Iso Temp O~n (for sterilizing)
Iso Temp Oven (for drying)
Pressure / Vacuum Pump
Dissolved Oxygen Meter
pH Meter
Thermometeri

,

COD Reactor$
Fluorometeri
Laboratory ~entrifuge

Desiccators,
Automatic Samplers

EQUIPME~T

Electronic Balance
Electronic Analytical

Balance
Water Bath
Combustion Furnace
Hot Plate
Hot Plate (Stirring)
Incubators

High Performance
Low Temperature

Microscope
Test Tube Miller

GLASSWARE

Crucibles (50 ml)
Burettes with Reservoirs (5 ml)
Burettes with Reservoirs (10 ml)
Conical Flask (Erlenmeyer - 200 ml)
Pipettes (10 mil
Gradua,ed Cylinders (100 mil

LABORATORY EQUIPHBllT AIm HATBRIALS

CURRENTLY AVAILABLE AT THE AS-SAHM WSP LABORATORY

CONSUMABLE CHEMICALS AND MATERIALS RqUTINELY PROVIDED

Potassium Di-Hydrogen Phosphate
Di-Potass1um Hydrogen Phosphate
ri-?otassium Hydrogen Phospha~e Eeptanydrates
Ammonium chloride
Sulfuric Acid
SodiulTI Iodide
Salicylic Acid
Ferric Chloride

rodine
Starch
Ethanol
Lauryl Triptose Broth
E. coli Nutrient Broth
Glass Hcrofiber Filter

1.

3.

2.

4.
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1.

2.

APPBIIDIX C - 2

RECOMMENDED ADDITIOKAL BQUIPKEWT AKD MATERIALS

FOR AS-SAMRA WSP LABORATORY

EQUIPMENT

Dissolved Oxygen Meters (additional)
pH Meters (Additional)
Sludge Detector Devices
Oxidation-Reduction Potentiometers
Electrical Conductivity Heters

GLASSWARE

Beakers (250 ml, 500 ml, 1000 ml)
weighing Bottles
Brushes for Beakers, Tubes, Graduat~d Cylinders
Automatic 'Burettes
Crucibles (25 ml & 50 ml)
Graduated Cylinders (50 ml & 100 ml)
Petri Dishes
Conical Flasks (Erlenmeyer - 50 ml, 250 ml)
General Purpose Filtering Funnels
Volumetric Flash with Ground Glass Stoppers
Test TUbes with covers
Loops

C,EMl CALS & MATERIALS

Manganese Sulpha~e

SvdlU~ Hydroxide
s.cc.~tlITi Azide
Socl~m Thiosulfate
Potassium Dichromate
Magnesium Sulphate
Calcium Chloride
Silver Sulphate
Mercuric Sulphate
Ferrous Ammonium SUlphate
1.10 Phenatholine Monohydrate
Ferrous sulphte
Zinc Acetate
Silica Gel
Aluminum Chloride
Ringer Solution Tables

C-2
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~~~

.£NYINE~RING - SCIFNCE. INC.
Fllcillty: Sheet 2
11.8 Samra

FLOW 1.1·3 PLANT INYLUENT PLANT EFFLUENT

DATE ~~ ~}: f-~ ~- I~ 00 %800 Kg 800 ~ %9.9.
~-I

FECAL I TOTAL CL·2
INFL EFF BOO BOD TSS TSS 'MOIL REM DISC. MOIL REM DISC. COUNT RET. REs."""

'.'.... .... .... .... ....
1966 ---ro6 I~

r------oog~ f----7-= 1---=-=~ - f--- ~~

I 56 813 48198 ~~~ ----;eo ~
54~~1987 68.348 56.282 -ooa -"'= ---rn- 80.5"" 853~ ~!l ~~~ 85.4"" 8.634 ~~

1988 1 80629 67191 ----000 857 ~ ----M4 --WQ~ ~ 83.1% ~.lli ----m 65.4% ~ 16793~~1989 90736 72 871
~ -rn --w 171 48
~ --a26 ~ I-~ ~ 84.2% 8463 71.6% 1 12,430 ~~

1990 705 ---e2O f----'-'-'-
95,241 82.332~ -.?:.!Q ~ -M 77.8% 12,761 - 90025~~

1991 98041 83 457
~ --ero~ e--

144371~~ -llQ -!UQ. -.li 83.1% 10019
I-- - r-lli~

I
--==.~

I--- r----- - '--- - - - 1- - I--- I---
I--- I---- I--- - - --,- I-- - f-- f--
- ~ I--- - - I-- - - I--- -
- ~ I--- I--- - - r--:- - ~ r--- -
~ - f--- f---~ - I------ f-'~- •._- --- .-.- ..- I--- ----

PERMIT:·· .. - - I--- I--- ~ '---'-- ~ I--
100

f--- -:', :..:..;:.:........:;::.....
STD DEY;. <:".:,,:,:': - - I--- f--- '--- - r-- - I-- - -

':::":.:':". - - I--- I--- I--- - I-- - f--- - '----

VERAOE ":.' .' ----eii3 --m~~ f--- ,....- f----- r-----;--oo I~ 42024
~ ..--.--,..

81635 68368 ~ 82.7% 9477 72.5% ~~MINIMUM .: f----='" 625 -.=,", r-564' f----7-= f-.o OO 4856 813 48.196 ~90 1-." ~ ----=-=- ~cx,?-----~- f-----goo ----:::--.
-=-jli~ 751 --- ::Eili:MAXIMUM ., ....:..:: 98041 83 457 ~ ;-3~ I 620 r---LQ 85.4% 12761

I--
80.5% 144371 ~ ~5§.f----='" -----.:.::<..:.

TOTAL 489810 410331
I--- I--- f--- I-- - -- - - f-- I---

DESIONAVQ I--- '526 _.. - ..

~
.__.= 1--::-=~ --V 95.0'lI. ~

~ I---
68000 66000 - ---- ~~~ -----JJl. 95.0% 1788 ~ I---

DEslON MAX:·'. f----fag- --=-'100.000 100,000 631 900 9.00 2.0 90.0% 7,690 63 9O.0'lI. 6,312 28.1

- - f--- f--- - - r--- I-- ~ ,---
.::" '. ".::.-::":::.,'

~ - ~O~ '---="= I--=-:- ~ ~
~~Ulitter· r :.:.: ::.:./. 68 597 5536 ~ ~~~ 84.2"" 8072 73.0% 5900~~i----852 -, .. - f---62Q e-muarter.. 2'..::':,:':'. 94673 7456 ~ ~.5.4 ~ ~~ 61.7"" 10414 71.8"" ~ 78148~~uarter:::.3·,· '::''':::.:::.: f----='=. t----==- I----'-'--'-

ullrter:.:~i",::, :.,:::. r--- I---- - I-- f---~ I-- t--- I---- I----

".
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Facility:
Aa Samra

~!"~GIN~ER1N(;'- SCIENCE, INC.
Sheet 2

0.50
0.50
0.50
0.50
0.75
0.70

7.7
7.5
5.9
6.2
4.2
4.9
4.6
5.t
4.5
59
7.3
6.4

- .-. -_. -------·P..-V....-;N";"T";:E""'FF"'L"7U"'E"'N:":T------- ------,

7.80
7.40
8.00
7.70
8.20
8.00
7.60
7.70
7.60
8.10
7.70
7.30

6.90
7.10
7.60
7.50
7.40
7.30
7.20
7.30

---no
7.20
~

7.00

546
476
liig
844
870'
867
700
810
84i
713
750

-Y07

534 713
572 609
773 875
792 1280
603 930
630 991
570 709
750 988
590 854
545 977
608 1003
535 913

44,751
57,424
41,280
41,280
48,000
45,000
48,850
48,067
48,890
50,235
55,695
50,90557 ,BOO

59,112

63.010
56.484

50.762

80.500

52.900
56,930

56,263
53.192

63.745
51.260JAN.

FEB.
MAR.
APR.
MAY
JUN.
JUL.
AUa.
SEP.
OCT.
NOV.
DEC.

--·-rcow""""M.-3"- -.----- ·ri.;'NTiNFLUENI

I
DATE I i-·l't-i--I,rzoN BOD "BOO FECAL
1986 I EFF MOIL MOIL REM COUNT

I •••• •••• • •••

54.8
93 44.0

-- 3 55.3
1__...:..11.;-i 52.8

4 49.9
f--_--'2:-1 53.1

2 49.3
3 48.4

f__-:,5~ 47.5
f_----:::=:eo~ 49.7

200 44.8
~ -----:2=70:-1 48.7

BEST AVAILABLE COpy
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Facility:
ABSamra

£NGlNE£8,NG - $CIENCEJ!LC.. -. ------ --- --- - .. ~ -
Sheet 2

'00

FLOW M·3 PlANT INFLUENT PlANT EFFLUENT

DATE I AOTP WSP ~ 1 W9P ~~ 00
~

% BOD KaBOo

*
%8.8. ~ FECAL I TOTAL CL·2

1967 INFL EFF BOD ~ TSS TSS I MOIL MO REM DISC. MO REM DISC. COUNT RET. ~

.. .. .... .... .... ....
~ --m-~~~ --=-- f---.-=-.,..

~ ----e9 5"'631 ~ ---=-=JAN. 66150 63626 ~~ t------U 81.3% 8590 88.8% 40 ~~
FEB. 67,186 53,592 f---fg8 '"784 --m r----ro2~~~ '178 77.3% 9,539 r-m 83.7% ~ 2,000~~
MAR. 67420 I-1J9 '"600~~~~~ r---as 87.7% ~ 83.~'ll. - IlOO~~
APR. 59490 r--e53~ -e48 -e74~~~

f---= r--t69 80.1% 1000~~
MAY 67590 r--e52 '6«~ 736~~~

~ f--2Q7 84.7% - 3000~~
JUN. ~~ '-966' -ro3 f--

~ n.O%
'---

2069345 r-W~ ~'
~

f--- ~~
JUL. 73780 -----e26~ : 1189 -m~~~ 88.5% ~ n,5% 20~~
AUO. 75370 5!5 470 1065 --e15~ ----no~ I 8.00 ~ ----w6 67.0% 5861 ----m- 81.3% I 9,744 9~~
SEP. 725llO 80103 -ms ---e63~ -m~~~ -e3 87.6% 4958 205 79.~'ll.

1 '2,34' 450~~
OCT. 66180 48880 ---me ---s38 881 '765~~~ 108 87.2% 5263 224 74.6% 1 '0,933 400~~
NOV. 61660 51836 -en 82s~ ----B93~~~ -00 89.1% 4865 200- ~.5%

1 '0,505 400~~
DEC. 71,460 80,470 1022 736~~ 7.10 8.00 6.0 ----rn 83.0% 7,559 ~ 79.9% 9,67~ 2,000 39.3 0.00

PERMIT ... :0;:::•• : •• ,:'.::
~ f--~ - ~ ~ r---

100 - r--- - _._-
~.' ",':: . " .'

~~~
-_. '- ---=-=~ ----,-:::- - - I 4905 -=-=- I--

~TDOEV.·.·.·::·· 4453 4907 _50 I~~ -----!2. 37.1% 3543 4.0% 940~---=-=- --=-~ - - ~ I--
"...::::':.:='.,

~ ----m- r-g-if
-_.... ---- f--~ -----;-w ~ 1 9308 ~ f---=-=

IAVERAOE:·.··..
~'~~ 56282 7;?q

~ 85.4% ~~ 80.5% 853~~-m 631' r-c-- ._.. 670 .. -:-= 1---:;-;-;;- r--'-'-"- -00 74.6%
~'

91~INIMUM·· : --=~~ 48,880 F---,,~5. 6.80 --l,.~ ~ ~ i12,341
~~

MAXIMUM :,.::. ". 75370 63626 ~298 838~ _.- 07~

~ ~~ .-.Jl~ 69.1% ~J~
--=- 88.6% 3000~~

.. . ..:..TOTAI.' ::/ .. 820 171 393 977
~ ----=". f---' .. - f----'--'-"- -
I--- f--- - 1----.. - r----~ f-- - I-- -"':':'.;.:::::;-.:..::::';.:-;:
f---~

~ -~ ~=~ ~ --:-:= ~ -DESIGNAVQ 66000 86000 - ~'-

-_.-~;>; .. - 6.00 _6",'?J~ 95.0% 1768 95.0% ~~ f---~
DE910NMAX ~(j;-m 100.000 '48'9 ---631 '---9:00 9.00 2.0 -79 90.0% 7,690 f----53 90.0% 6,312 28.1

K;)U!lrlerlv Ava. - - p.........- -_... 1- ,- - - ~ I---- - r--
--e43 '732 c-----m =.2i.~

I·~ --=-= ---=-=- .~ ------;Q7 85.3% i 5,977 960
~ I--:-='uelter '.'.r ,:,: ,.::...:.:'. 67579 56609 ~~~ 62.1% 9064 ~~

~ ---ro4 f----'-=- f----'= 199ulirtlif '.2.·\:\..,::: 65,475
~

771~~ ----M. P:l.8% 1340~~'1039 -no '--716 1--= ----m- 1
11043ul1tt&t·. S',:,}},':':::' 73903 57787 ~~ ~~~'~ 67.7% 5410 79.4% 18>~~Uelter:: 4"':;:;:':::::::":::' 86433 53729~~ 835 r------rog 7.07 8.00 7.7 108 86.4% 5829 -tOO 78.7% 10371 933 42.4 0.00
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Filcility:
I\s Si1mril

ENGINEERING - SCIENCE INC... ~.-~." .... ,~ ..~. .... .,,'-J="~-"""
Sheet 2

I DATE
1988 I

.00
:00

0.00
0:00
0.00
OM
-ro

"JO<

••••

t-----,;,;;~ t-~~I ,,'MI

..,. I I ••••••• * ••••

, .

JAN. 69 :m 00 473 -'001 -' 768 "8'14' -. 593
FEB. ~~3 r?9~2S5 1-"001' 1-"671---651' '--560
MAR. 81520 70170 1111 =I?5 ="648 ~;>35
APR. 75 59.6W 1,174~?6 579 643
MAY 74 54 337 1159 1389- !--84f 1--'-692
JJN. 12. 7 6 ,11 7 16 -.!..17M .~.~4 f----><-~
JJL. IS. 6 7 7 75:3 --682 I 074
AUG. 7 " 6 j,B! 1 12 ':Jl'XX> '-b84' f----sso
SEP. _' 7.8: -r 7R 1'028 --'49'7 ,_59 ':\

OCT. '000 r---r 100 _I, ~ - B60 785 r-i9~
NOV. r-7 ~410 ISh'OO -c'gJ9 -'764 ... 701 --540
DEC. ~1 SIT 81',501 725 '--no I 518 663

IPERMIT I . i 0 . ~ "'-J 1W
~- . .. I -. 11-- --- -=-=--- - ----'-'- - I I
ISlUDEV. : I 5,~ ~.J~2? _-.J~ :''}92I---::n4 __§4. ---.i1J} ~~ 2.3% 1.511 == 8.8% ~ 55.239 2.6

.yt;nMUt; . I--~' -bf.T9T '-'-"000 --'857\' bS8 '''-'-5&1 -- 3] 83.1% 9,511 ~ 65.4% Ii 16,793 35.0 =&~:
'1f\iIMUM-'-.. -s9:300 ---s<i~7 1-';3 --'671- .492' ---'495 6. 7. . 79.2% 7,277 ~ 45.7% 11..00~MUM . -ool 2OO' ~OO5Cj ··.. Tj74 '1389 841'-' 692 --_.•t:~ ~ -a~' 86.5% r---.~~ ~ 1-7 SX 1'"~ !--~~~- -0.00'
-TOTAL ~7'549- ~:~ _.'_. -.' I·· - ...... 1---,- 1-- c----== I--~ f--- !.E.. ~~-'-'- 1--'-'"''
_._- ...-._-- _ ..-1__ -. f- --'._.- f----.- ... I ---- --- f--- I---- r---- f----

Ib~fGNAVG .... sa ClX) I-- M,@ --. 526 1 .421 "-- S.O(\-S:OO ITI' 95.0% 1,788 ~ 95.0% IT.43f 4. f---
IDESIGNMAX hfffOCxt hooOOJ '-'789 11 ..... '- "63'- f-~:oo -[00 ~ JlQ.()% 7ffi!I~ ~ ~ dJ r------.
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Facility:
As Samnl

ENGINEEf.1INJ;_ - SC/~"-Cf-JJLC.
. - '.'_'..-...-

Sheet 2

/~~

FLOW M·3
--

PLANT INFLUENT
._._--- .------

PLANT EFFLUENT

DATE AGTP
-~g6'1

AGTP .WSf'Tr~ PH DO
~~

% BOD KoBOD ~ %9.9. ~~ FECAL ~ CL·2
1989 INFL EFF 806- rfss" TSS Moil MG REM DISC. MGIL REM DISC. COUNT RET. ~

=("7?il~
.... ..&UL. .... .... ... ~~~...- ~ f---- ~ I----=--::- '163 1 91 ~

~JAN. n~5 77135 f---- ~C2 75.0% 12573 86.5% ~~.
FEB. - 760 ~:P§. 135 ~75,700 70,ceo .--- - _.605J ,..,_7.20 I-~ 82.2% 9,461 84.3% 8,658 ~~I
MAR. 85358 75120 ---es2 _610 ~ ~2O I-~

---;56 81.7% 11719 r---;-os 82.8% 7888 80~~'
APR. 95193 74210

- B40 -
__ 600 l~ ~19 ~ 125 85.2% 9252 f---l98 66.9% ~ 50~~

MAY 95,932 70,840
f-- 7JO - ---we '207f--- - _~7_~ ~~ 85.4% 7,533 84.8% 14,640 20~~

JUN. 95260 68630 r--- 730 - __.. ~)oo ~~ ~cl.o ~ 107 85.4% 7321 -rot 85.4% ~ 20~~JUL. 100,860 73870
f--- 600 - _6'~ .~ ~~ ...~ -sa 91.4% 4,309 156 74.6%

1

"

,499 ~~
AUG. 99000 72717 r--- 600 - _E..5()~~~~ 88.6% 6617 1641 74.7% ~ 200~~9EP. 93575 69334 f--- "780 - ~ .----.UQ ~. ~ ----e7 86.8% 8055 ~ 89.3% 14029 20~ ~IOCT. 90820 70~0

f--- "785 - ~.~~ -M- '-aJ 89.4% 5813 ~ 75.6% :13:681 20~~
NOV. 91871 74998 r----ero ~~ __72Q.~~ f-ffl4 75.5% 12300 -m 80.8% 18850 20~~
DEC. 86,440 n,473

f-- r-eeo I---- f-f,t ~ 53.5% 1,8:857 20462 7.30 8.00 6.0 83.7% 8,600 31.7 0.00

PERMIL:.. ··· .
f--- - - 6·9

f--~ ~ r-- 100
~ --- _.- _...._-

: ..:.. :.. ;.....

T DEV..:.: .' 7609 2918
f---~ - -,.-. ----,--,-~ t---:-;- f- ~

9.8% ' 3367
~ -

,,--7.~ ~~ r==C!.. 4.8% 2574 ~
".'

r--- ---=- -----:....... f- - ~ -
r--- '737 ~. ... _-_._- 1- ---=-=-~ ----m 1

,2430
~ --=-=VERAOE.:'. ".: 90738 72871 _. '6"7

-M. 84.2% 8483 71.8% 48~~MINIMUM······ . 75,700 68830
f--- '651 f---

1--~6?
--~ r----"..,-

~ ~ 53.5% I 6:858 20- r---- ~~ -M- 75.0% 4,309 ~~
M~MuM"~.~:':':::::,,· ~,~ 77 473 r---e52 f----le:i 12573

f----=--'-
86.5% 1 '6,857 200- f---

BOO .._7:..~ ~ -LQ. 91.4% I--- ~~
_-I0.l~It:...:-. 1008854 874447 f---="- f----'-=-

"--:.1._•. _.' _. _ - - I--- I--- - f----

OESIGNAVQ'.. ---aaooo 68000
---

~~.
._---_. ...

6.00 ._--~=- ---:--=- ~ I-2f ~ ~ '---- f- 421 ~ ---J:g 95.0% 1788 95.0" ~ -----4M I---DE91GN MAX.,'",., 100,000 100,000 769 '---631 ---9.00 9.00 2.0 ---7Q 90.0% 7,890 e----e3 90.0% 11.312 28.1

Ouarterty Ava...' I r-- - _. _._. - - r--- I-- - r--- I--- I---

6~'art~;:?::,;::, 74112 r--- ----rs4 - ~~ c---=-= I----=--::- h51 -07 I 7188 f----=-:- ----=-=:-
79368 ~

~
79.8% 11251 84.5% 80~~lQuirtliL2:::;"',".::::':.:" 95462 ~~---==~ f----l13 202 : 14:37771227 r---~ _ ~~~ 6.3 85.3% 8035 85.7% 30~~

ICUart8l:':':i':':':""""""':' 97812 71974 I ~ f--- 641 ~~Hj .1-]9 86." 5880 ------rn 72." 12493 110~~
.rtili':.,it""~':::':"::"'" 90 310 74 170 712 609 7.23 8.17 5.7 t----;19 82." 8904 '211 ll3.2% 15882 20 31.1 0.00

BEST AVAILABLE COpy
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U'O Ifontbly Data 8' ery



Facility:
Aa Samra

ENGINfEFJING - ~CIE!/J2~JN~C.
9heet 2

'/
~

FLOW M-3 PLANT INFLUENT •.. ---- ,-- PLANT EFFLUENT

DATE
..
~ *

I-AO~ WSP ~~~ I BOO %800 Kg80D

*
%9.9. I IKgB.S. FECAL

~
CL·2

1990 INFL EFF BOD TS9 f--TSS- MG REM DISC. MO REM I DISC. COUNT RET. ~

.... .... .... ... '" ....
JAN. 92585 ~ '---no~ ~~?

f--------=-= i----=-=c -----=-=- ---m 83.3% 9790
~ I--- ~ f---=--=-

81 58:l ~~~ I--- ~
500000~~

FEB. 68.520 78192~ ----ml~ 638 --~ ~ ~ ----m 85.8% 8534
I--- ~

80000~~
MAR. 90 710 79815 f---7J8 7BO~~~ ~89 ~ 100 79.5% 12770 I--- ~ 3000~~
APR. 107350 93809~ ----a9O~~~~~ ---m- 72.2% 17 973

I--- r-- 200~~
MAY 101.490 82020 -e84 600~ f---~ ~ ~~ ----m 74.3% 14354

~ 5O~~
JUN. 102844 80320 -eee '625 ----e4O ~

72.5% 13815
I---

~~~~ ~~~ I--- - ~~
JUL. 104.200 91311 ---w f---65Q" -----gf,-

~~~~~ 86.6% 7,944
~ - 2O~~

AUG.
-'-"- f-----fJO~ 86.7%101940 81950
--see ~- ~ ~~ 97 7949

~ - 1000~~
SEP. 96020 80250 "750 "682 ~5 ~ ~~ f---21Q 72.0% 16653 r-- - 3000~~
OCT. 910e0 80068 --s48 '600 ----w~~~~ f21Q 69.1% 16814 r-- - 3000~~
NOV.

~

~ -==- f-----l5291000 82273
~ ----e52

660~~~ 75.9% 12505 r-- ~ 100000~~
DEC. 95,152 78,594 f----fJO ~25 7.30 8.20 5.0~ 75.9% 13,833 300,000 28.5 0.00

PERMIT"" ,.,."",,,.'.' - I--- - 1--.. --~ r-- r-----1Q. ~ - 100
I--- f---..'" .. ,:,,', "'<"'<"'"

gTDDEV: >:"',':',':'i, 9773 4 832
r--~ - ~~. f--::--= ---=-= i----=--=-~

6.1% 3394
- - r--:-:- -

,. - f-----=- - f--_~2 I~ ---.QE. r---M- r-- - - ~ -
AVERAGE ~~ -e26 f---- "._- - , -~ ~ - ~

90025
~ -,-,-

~.~ 82332 620 77.6% 12761 - - ~~MINIMUM .. 78192~~5 ....,0 -"-5~1 . -6'50 ~ "'67 20~.~~ _.7.60~ 69.1% 7,944 ~~
W.XiMUM 107-350 r----eoo 700~ 1--- -li'l7 "760 ~ - I---

500000~~ _8"59_ ~~ 88.7% 17973 - I--- ~~
~lQ~!.-_ .-J.,1~2.~! 987 983

f----="- ----=.:::. --==-=
-"'---'-'-"'.-- I-- - 1--- .•. ._._. 1- - - I--- --- - --:--

-- ..__ . ..- ~~ ~
~. ~ -DESIONAVO ~.~ 88000

f-- _.5?6 1-- .... __.- ~~1 600 '-6:00- ----Ml- 95.0% ~!88 95.0% ~ ~ I---
DE-SIGN MAX' . 100,000 100,000 789 631 900 '9~OO 2.0 -7g 90.0% 7,890 -a3 90.0% 6,312 28.1

QuarterlY Ava,.· . - r-- -- 1-.- _._--~ - ~ ~ - - I----
..".'.

USl1er··1'... , ,.,.'. 83938 79197 ~: 763 --rs5 I--~~'~ I 7.03
~ -----=-=-~ ~ -

194333
~ i-------=-=

~~ 82.9% 10385 r-- - ~~
uart8l',·2 """.:,.,.,.:'" 103,895 85,316~~~ ~.J..~~~

f----19Q 73.0% 15,380
~ - 125~~

iJllillllt·"'$';""}',},,··: 100720 ~ 134084504~~~~~~~ .f---lli 81.8"- 10915 r-- ~~Iil1er·;'. "",,:,:.,:.. 92 411 80 311 855 fi80 670 609 7.20 8.10 4.3 179 73.6"- 14384 I 134 333 29.5 0.00

BEST AVAILABLE COP
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Faclllly:
As SHmra

--- _. - . - -~ __ .

ENGINEERING - SCIENCE INC.'. ".- -- =~.=.,~~~~ .. =-=-- I~=
Sheet 2

'l~

_.._---- .._- .•• "-'---'PLANT INFLUENT-"'-'
.. _.- _ .

FLOW M·3 PLANT EFFLUENT

I' DATE--l II ~~T; :~.\~~~r-~~~.~-t'~ ~~~ I %BOD II KoBOO I~ % 9.9. I~ I FECAL I I TOTAL I I CL·2
1991 INFL II EFF MOIL MOIL I REM I I DISC. I MOIL REM I DISC. COUNT I RET. I I RES.

.... .... .... .... ....
~ - :;:: .~ .-=-::-:- ----::-:-~ I--- I---

JAN. ~,i!_Q. 86,278 988 635 ~~~ 79.3% 11,993
I--- I--

28.8 0.00---..
FEB. f--~~Q.5 _J!r,,730 746 _~?O 540 670 .~ ~ ~ 73.7% 14.300 '

I--- I---
900.000 29.6 0.00

MAR. __~~,~5.§.. --.E,O~Q. 988 .--Jl.5P. ..... 676. 570 720 ~~~ 85.9% 10447
~- r-- 50,000 27.3 0.00

APR. 90,240 78,592 1040 900 798 620 ~-~Q. ~J.Q. ~.c.Q. ~ 83.9% 11398
I--- - 20000 29,7 0.00

MAY ~:~ 80,780 1300 ~ 722 550 f-!40.~~~ 87.4% 7,351
I---- - 40000 27.2 0.00f-- ...--.

9.053 0.00JUN. 101,350 87,890 941 ~ 1200 635 7.20 ~~ 103! 85,5%
I---- 200 26.3_._ .. -

~I -
JUL. 100.535 77,845 888 ~ 782 690 7.60 ~~ 84.8% 7,707 - - 200 28.4 0.00

AUO. 103,643 81,480 1016 ~J..~ I ~l)2 735 7.20 8.10 ~ : 97 84.2% 7904 - - 200 25.6 0.00
1---'

SEP f- .. ---_.- f-- I--- I---- - -
OCT ..- ._- -._------ ---- f--- I---- I--- - -
NOV. r- .... ._-- I- I--- I--- - -
DEC.

PERMIT f--- 1-· -I .---- rLL r--~ ~ - 100

--- ---- I - ...__ ... .._-- -- -- - _. -
9TO DEV. _.- .--- ._-- 1--- - - - -

. . . .:. .. - ...=........;;; - -- -- -
~VERAG~-,-- ~~~ 83,457 ~ll_~. _7J!. nn:! 622 --~~ 83.1% 10,019 ,.--- ,.---

144,371 27.4 ----9.:..qQ.,
MINIMUM ~Q.,?40 ~?,845_ ~~ 61S f,7G 540 6.70 780 ~ - I--- I---

200 _0.ilQ
~.'MUM ~Q.;l,843 87890 -.!...3.QQ ~~Qg ... IYI2 _._!}.5. .-?~ _~.70 -----l.:Q. ~;!. 87.4% 14300

I--- I---
900000 29.7 --!J"QQ

.r.OTAL ..• 784,328 887,855
I---- 1-._--. ,.--- r--- f----,-,----. I--- I---.;-':' ..

g~slo~~ I 52_6.
~--_._- f---:--:- f---------.,--

~ 1,788 ~ 95.0% I 1,43168.000 68000 421 6.00 I--~OO ~ 95.0% 41.3...__.-
~ ~DESION MAX 100,000 100000 789 631 9.00 9.00 2.0 90.0% 7890 90.0"" 8312 28.1

QUar.lerly...."g. > - f,--- - - ',---- -
':.", ::'::~":':"': .::;':·:;i.::;·:-·,:

~
--=-:-::- ----::-:- -W - -uider::::t::)::::::::.::.. 96.777 87023 907 691 582 8.93 ~~ 79.8% 12,247 - ..

- 475000 27.9 0,00
u.rtef.::.2..·:;::.·.:.:.:....,...

r---.- --:...:....:..
98,607 82421 1094 r--!!!- 907 602 7.40 ~~ ---!.g 85.6% 9,266 ,.--- ,..--- 20087 27.7 0.00

)Ulrt&!:::..3:::({· ;:::;:::: 102.089 79.663 952 ~ 1,137 713 7.40 ~~~ 84.5"" 7805
I----

200 28.0 0.00
QUirllf.·•.4.·:::::·,;:.:·

BESTAVAILABLE COpy
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1990 - 1991 Quarterly Data Su err by pond/train



-- --- -- .- --- -- ......... .- -- ... .- .- .- ..
YEAR 1880

TRAIN "1

§..Q.Qi

"" " " OVERALL
DATE: Inlet A2 REDUC. F4 REDUC. M4 REDUC. Outlet REDUC.

04/2 812 240 80.8" 204 15.0'll. 185 4.4" 1115 73.0"
11/2 720 220 88.4" 144 34.5" 185 -14.1I'll. 143 80.1"
1812 570 240 57.8" 158 35.0'll. 142 8.0'll. 128 77.5"
25/2 800 280 53.3" 204 27.1" 150 28.5" 128 78.7"
05/8 570 240 57.8" 88 80.0" 80 37.5" 88 88.1"
1218 eeo 240 83.8" 132 45.0'll. 87 34.1" 80 88.4"
18/8 880 240 85.2" 108 55.0" 105 2.8" 80 87.0"
2818 440 300 31.8" 84 88.7" 100 -8.4" 88 77.7"

AVERAGE

AVG." RED.

'lJ>

808 250

57.5"

142

42.5"

128

11.7"

114

81.1"



-------------------
YEAR 1990

TRAIN "2

B.OO,5,
%

% % % OVERALL
DATE: Inlet A2 REDUC. F" REDUC. M" REDUC. OuUet REDUC.

Oel2 810 2eO 67.9% 160 30.8% 1..3 20.8% 173 78.8%
1312 ..80 2..0 50.0% 166 30.0% 90 ..e."% 127 73.5%
2012 8&0 180 72.3% 170 5.8" 75 55."" 90 88.2"
0718 875 190 71.9% 1.... 2".2% 90 37.5% 88 87.3"

1"'8 720 280 61.1 % 120 57.1% 98 18.3" 90 87.5%
2118 660 220 66.7% 120 "5.5% 83 30.8% 75 88.8%
2818 510 200 60.8% 120 "0.0% 120 0.0% 90 82."%

AVERAGE

AVG. % REO.

~"

6.... 22..

==_ ....

6".4%

1..6

33.3%

100

29.""

10..

83."%



~~~~---------------

YEAR 1990

TRAIN "'3

B.Q.O..A
%

% % % OVERALL
DATE: Inlet A2 RER.\I,c:""= F4 REDUC. M4 REDUC. Outlet REDUC.

0812 220 180 18.2% 158 12.2% 185 0.0%
13/2 180 158 13.3% 120 23.1 % 127 0.0%
20/2 180 150 18.7% 83 44.7% 128 0.0%
07/8 875 220 87.4% 180 18.2% 105 41.7% 88 87.3%
14/8 720 300 58.3% 190 38.7% 98 48.4% 90 87.5%
21/8 880 110 72.7% 140 22.2% 83 40.7% 75 88.8%
28/1 510 240 52.9% 220 8.3% 128 41.8% 90 82.4%

AVERAGE

AVG. % RED.

/~/

841 217

82.9%

174

19.1%

111

38.1%

109

49.4%



-------------_ ...... _------
-

OVERALL PERFOMANCE FOR 1990

Inlet A2 REDUC. F4 REDUC. M4 RP)UC. Outlet REDUC.=c=

TRAIN "1 808 250 57.5" 142 42.5" 128 ~1.7" 114 81.3"

TRAIN "2 844 224 84.4" 148 33.3" 100 ·'9.9" 104 83.8"

TRAIN "3 841 217 82.9" 174 19.1 " 111 =~8.1" 109 83.0"

AVERAOE 831 230 154 112 109

AVO." RED. 61.6" 31.8" ':5.9" 82.7"

BEST AVAILABLE COpy

/~<



... .-.-.-.- - .- -
YEAR 1991

TRAIN #1

~

%
% % % OVERALL

DATE: Inle' A2 REDUC. F4 REDUC. M4 REDUC. Outle' REDUC.==-= :.~-=== ==

05/2 757 320 57.7% 200 37.6% 147 28.5% 176 78.9%
12/2 780 278 83.7% 210 23.9% 139 33.8% 129 83.0%
1812 850 257 80.5% 218 18.0% 135 37.6% 141 78.3%
28/2 780 252 88.8% 252 0.0% 173 31.3% 180 78.9%
02/4 880 380 45.5% 218 40.0% 113 47.7% 98 85.2%
09/4 880 218 88.2% 188 13.9% 112 39.8% 120 82.4%
18/4 880 324 50.9% 182 50.0% 138 14.8% 110 83.3%
23/4 880 215 68.4% 158 28.5% 118 25.3% 115 83.1 %
08/8 800 100 87.5% 72 28.0% 182 -126.0% 88 91.8%
13/8 810 110 86.4% 90 18.2% 112 -24.4% 81 90.0%
20/8 800 180 70.0% 130 27.8% 38 72.3% 90 85.0%
27/8 744 110 85.2% 130 -18.2% 78 40.0% 90 87.9%

=

AVERAGE 7t~ 221 16lJ 122 116

AVG. % RED. 87.8% 22.0% 18.3% 81.4%

~~
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.- -- -- -- -- ..- -- - .- -- .- .-

YEAR 1991

TRAIN #3

Il.Q.Q§.

%
% % % OVERALL

DATE: Inle' A.2 REDUC. F4 REDUC. M4 REDUC. Outlet ---.BEDUC.

05/2 800 380 55.0% 218 40.0% 157 27.3% 111 78.5%
1212 980 280 71.4% 204 27.1% 148 28.4% 1511 .3.8%
19/2 720 284 83.3% 222 15.9% 185 25.7% 14. 79.7%

28/2 800 338 58.0% 240 28.8% 180 25.0% 180 77.5%
02/4 855 210 75.4% 195 7.1% 141 27.7% 120 11.0%
09/4 830 280 55.8% 185 41.1% 152 7.11% 124 80.3%
18/4 780 225 71.2% 144 38.0% 101 29.11% 100 87.2%

23/4. 870 228 88.0% 150 34.K 120 20.0% 120 82.1%

08/8 840 230 84.1% 110 52.2% 89 37.3% 54 91.8%

13/8 780 180 78.9% 130 27.8% 90 30.8% 108 8••2%

20/8 840 144 77.5% 130 11;7% 108 18.9% 84 8••9%

27/8 720 1158 -80.8% 137 88.1% 78 43.1% 88 90.8%

'AVERAGE 751 324 170 128 121

AVG. % RED. 58.2% 34.0% 28.7% 81.8%

~<'"



_._-----------------.'

OVERALL PERFOMANCE FOR 1991

In'el A2 REDlJ9. F4 REDUC. M4 REDUC. Outlel REDUC.

TRAIN #1 713 227 67.6% 169 22.0% 122 16.3% 115 83.9%

TRAIN #2 751 250 66.6% 163 32.6% 118 26.1% 119 84.1%

TRAIN #3 751 324 56.2% 170 34.0% 128 26.7" 121 83.9"

AVERAGE 739 267 167 121 118

AVG." RED. 63.5% 29.5% 23.7% 84.0%

j ~b



------------------------------- .... .- ...

Pond Total Err~ctive 3 trains 2 trains
Depth Depth ----

Area Volume Retention Area Volume Retention1m) (m)
Im3xl05 ) (m3Xl05 )lha) time (days) (ha) time (days)

Al 5.0 3.0 9.5 2.8!; q.2 6.3 1.90 2.8

A2 5.0 3.0 9.5 2.85 q.2 6.3 1.90 2.8

Fl 2.25 1.5 21.75 3.26 q.8 lq.5 2.17 3.2

F2 2.0 1.5 21.75 3.26 q.8 lq.5 2.17 3.2

F3 1.5 1.5 21.75 3.26 Q.8 lQ.5 2.17 3.2

FQ 1.5 1.5 21.75 3.26 Q.8 lQ.5 2.17 3.2

Mt 1.25 1.25 18.75 2.1lI 3.Q U.S ..56 2~J.-

M2 1.25 1.25 18.75 2.3Q 3.Q 12.5 1.56 2.3

M3 1.25 1.25 18.75 2.3Q 3.Q 12.5 1.56 2.3

MQ 1.25 1.25 18.75 2.3Q 3.Q 12.5 1.56 2.3

EFFECTIVE POND SIZES AND RETENTION TIMES (At 68000 mJ/day)

27.618.72120.6Q1.228.10181TOTAL

~~




