-

(3)  Bacteriological analysis result

Total Bacteria Count (TBC): Bacterial contamination can oceur any time when the water system

is open for répair or maintenance. Therefore, disinfection is required on continuous and

systematical basis in the Study Area. Bacteriological analysis indicates the presence of a limited
bacteriologicat contamination. For example, water of Khaw reservoir shows a TBC of 1,000
cells/ml during the first sampling while in the forth sampling shows no TBC.

In gcheral, TBC -values in the house taps show sharp variation fhrough the samplings. For

exainple, Awajai house tap sample in the first sampling shows a 2,200 cells/ml, while it shows
no count in the forth s"aliu.)lin'g. The same case occurs in the sahmpled' house taps in Schneller
camp, Zarqa and Russaia areas. The above mentioned cases may be attributed to a local and
teniporary contamination process.

Nearly most of the collected water samples show no contaniination with bacterial coliform.

S. Quatity of Industrial Waste Water

According to WAJ data bank, forty-1wo industial factories are located within Amman-Zarga
area. The products of these factorics are chemicals, petrochemicals, metals, paper, acid
batteries, paints and food industry.

Thirty factories are not connected to the sewerage system. Their waste water is discharged
directly to the nearest wadis or dcpréssions. Discharge rates from these factories range from 0.5
t0 2,000 in%day, with a total daily discharge rate of 5,321m?, Two factories, the paper and the
refinery factories in Zan'qajdiscllarge 2,000 m’/day and 1,600 m3/day respectively, which in
total account for 68% of the total daily discllarge rate in the area.

Chemical analysis results of the wastewater samples collected from these factories are presented
in Table 1-16 , in form of range and average values for TDS, COD, BOD, SS and NH;.

Comparing the resulls pl‘t’:SCl‘lléd in Table I-16 with lh;e Jordanian standar:d No. 202 (1991) for
industrial waste water (JSIWW-1991), presented in Table [-2, the following statements can be

drawny;

— The average TDS value equals to about three times the maxinium allowable limit. Only three
samples show TDS values below the standard,

~ The average'BOD value equals to about 84 times the maximum allowable limit.
—  The average COD value equals to abmjt 226 times the maximum allowable timit.

- The average NH; value equals to about 17 times the maximum allowable limit.
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-- The average SS valué equals Lo about 17 times the maximum allowable limit.

’l hese results indicate a catastrophically polluuon for’ ground water resources within the $ludy
Area, This condition must be taken serioiisly when conmdeling that the major aquifer syslem
"B2-A7" in the Study Area acts as a water table aquifer, overlain’ by a sequence of permeablc
clastic sediments of wadi depdsits .

To overcome this problem, the fol!owmg actions must be done.
- Installation of wastewater treatment unit;
- Installation of desalination tinit.
- Tnstallation of a water recycling system.
- Treatment of the suspended solids.
- Construction of a waste water Storage.

[-10
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TABLE I-1 JORDAN!A\I STANDARD NO. 286 (AMENDFD IN 1990)
: ' F()R DRINKING WATER -

ftemis .. . . L RN pcnmssablc o Maxinm
Tutbidity’ (umt) T 5
Taste . _ o - .| Acceptable to most consumers
Odor . - - . o | Acceptable te most consuniers
Color(uaiy " . ..~ . 10 : 15
o ... 65-90 | .

_ Tcwperature("C} ] 8-25 o ]

TeccoMpNigomy - 0 o o 122 s ﬁ R
FCC (MPNHOOmI) T To
Protozoa . . - N 1o
,Hc!nu_r_nths R o

1 Free Liviﬁg'()_tgéiriis’m : : .o -
Pb 0.05
Se ... - - § , : 0.01
As o 0.0
Cr _ | 0.05
CN- ' e 0.10
cd . e _ . | 0.005
Hg .. = 5 0.001
s : L ' 0.01
Ag o . 0.01
™S . L S B 1414 1.500
'Toiai llardness as CaCO; 100 .| 500
ABS - L . 105 1.0
Al Lo Q.2 0.3
F¢ = e 0.3 1.0
Ma o . 0.1 0.2
Co o ]lie _ _lLs
Zn T - [5.0 - 115.0
Na = 0 o . |200 400
Nio o . .. |00 0.1
e _ | 200 500
F o ) T - 1.0 1.5
SOy i _ 3 | 200 S00
NOJ ) - - . . ] 45 70
Alpha Enitters (Bq!l)s - _ 0.1
Beta Emittérs (Bqﬂ) T . 110
Badrin =~ . T 0.0002
Lindain . : . ' » 0.004
Methozychlor o )
'To‘(aphene B
24-5 chhlonphcnoxy Aceltc Acnd : ' 0.1
24 ‘_STnchlorophcnoxy Propionic Acid - 0.01

' Al the units in mgf] c\cepl where othennse mentioned.

2Other organic impuritics which are fiot listed should comply with WHO guidelings.
~ By Jakson Candle Turbidometer.

- *Platinum-Cobal{ Standard.

*Except Radon. .
e Tt BNt



TABLE I-2 JORDANIAN S'IANDARD NO., 202 (1991) FOR
INDUSTRIAL WASTEWATI R
(MAX]MUM ALLOWABLE LIMIT)

lteins Prainage (o Streamis /- | Sca Groundwater | Water Reusé for -
- Wadis Recharge irrigation® g
BODS’ 50 - 50 B
COD 150 200 .
DO 1 5 1 1
TDS! 3000, - 1500 2000'2
T8S . 50 RE _ 100
pH. . 6.5-9.0 559.0 16590 6.5-3.4
Color (uml) 15 75 15 -
TC - 4 - .
I'OG | 5 t0 Absent 5. ‘
Phenol 0.002 1 0.002 0.002
MBAS- 25 . is -
NO; 12 . 12" 30
NH; 5 12 5 5
T-N - 125 - 50
PO, 15 . - -
[« 500 . 500 350'"
S0, 500 - 500 400
F 1.5 - 1.5 -
HCO, - - - 500
Na - - 400 -
N[g - - - -
Ca - - - -
SAR - . 1- g
Al 5 - 0.3 5
As 0.05 0.1 0.05 0.1
B i - ] 1
Cr 0.1 03 0.05 0.1
Cu 1 0.1 2 0.2
Fe | |2 1 . 5
Mn Jo2 0.2 0.2 0.2
Ni 0.2 0.02 0.1 0.2
Ph 0.1 0.1 0.1 1.0
Se 0.02 0.02 0.05 0.02
Cd 0.01 0.07 0.02 0.01
n 15 - 15 2
CN 0.1 1.0 0.1 o
Hg 0.001 0.001 0.001 ] 0.00]
TCC (MPNI!OGml) . 5000 - -
| TECC (MPN/100mD)'® | 1000 - 1000 1000
Nemalodes (ege/) <{ - . <1

‘Ma\mlum allowable limit.

T All the units in mg/l except where otherwise mentioned,

FDepends upon {ype and quanlity of crops, imrigation methods; soil ()])u, climate & groundwater in the arca com—.med

 Monthly average.
¥ Minimum valoe.

1 IDS allowable limit is subject to TDS conce n!rallon in lhe waler suppiy and the water basm affected.
12 Allowable limits of wastewater reuse detennine the degree 6f restriction (none; slight to moderate, of severs).

U Nitrate concentrations allowed are detemiined by ils condentrations i the effected water basin,
" Method of irrigation is d&lél‘ll'llllod by wastewaler quality being used.

¥ Could reach 3 mp/l,
B Geomelric mean.
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TABLE 1.4 TDS AND NO3 IN AZRAQ WELL FIELD

Total Dissolve:d Solids {mg/L.)

"No3 Concentration (mg/L})

Wetl Name

1988 | 1989 11990{1991] 1992 | 1993 | 1994 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 1 1994
AZRAQI | 318 | 346 | 349|387} 402 | 412 | 460 | 460 460 ] 4.50] 500 500 4.50] 3.97
AZRAQ2 | 336 352|365 363 | 374 | 390 | 24| 52 ] 55| 56 ]558]5565
AZRAQ3 [ 365 | 410 | 620] 650 419 | 444 | 465 | 583 [sa1[578] 6 | 6 | 64 | 6.84
AZRAQM | 300 3064 312 | 313 | 318 ; S 151 | 53] 446|494
AZRAQS bl pess|ass |2t | ¢ 4 - [ a2 ] 390400
AZRAQ7 | 364 | 346 | 344] 371} 348 | 350 | 354 655 | 7.88 | 783 73 |:81 ] 85 | 789
AZRAQR | 330 320 343 ) 314 | 388 | 347 | 115 | . Ji3e6f 126 121{155] 138
AZRAQO | | 570 |s82[43s} | 60| 621 | 4 | 469} 4.7 418 | 4.32
AZRAQIO] 341 | 410 [416) 415} 419 | 427 | 433 | 42 | 45 | 47| 4.9 5 | 48 |5.05
AZRAQII] 362 | 371|388 388¢ 379 | 375 | 454 | 7.85°| 815 | 934|: 921 | 7.1 | 984 | 103
AZRAQI2| 300 300 328) 337 | 398 | 412 | 95 |  |104s] 10 |osof i06] 668
AZRAQI3| 621 | 576 | s90] s60| 584 | 590 | 570 | 48 | 553 | 53 | 57| s558]517]539
AZRAQIS| 205 | [322] 326 373 | 405 10.8 125 134199 87.|
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CTABLE 1.5 WATER QUALITY IN HALABAT WELL FIELD

' : 1993 1994

<[Well| ltem : : _ Last Readin .
No. | Range | Average | Range. | Average | Value Dale
TDS 376-413 |~ 386 - 413 Nov.6

HA |: Na 22307 | 3.02 3.06 " Sep3
3a| Cl 2.7-29 2.8 2.8 Sep.3
S04 0.6-1.1 Q.8 06 Sep.3

NO3 0.1:108 ] 104 - 10.8 -Nov.6

1 TDS 363-413 | 3865 413 Nov.§
HA | Na 28311 303 3.1 Sep.3
W] Cl 27-29 - 28 - . 2.8 Sep.3
- | 804 0.6-1.1 . 0.8 0.61. Sep.3
| [no3 o708 | 104 10.7_ | Nov
| TDS | 526-603 553 | 391-657 50165 627 Nov.6
HA | Na 4.1-4.3 4.2 3-3.9 3.7 3.7 Sep.3
5 Cl 4.3-4.8 4.5 2941 3.7 3.7 Sep.3
SO41 1.1-14 3 1.2 0.8-1.2 1.1 1.04 Sep.3

NO3| 6182 73 | 8797 8 88 Nov.6
TDS | 570-685 612 6£63-616 576 - 6516 Nov.6

HA| Na | 4554 4.8 4.2-48 4.4 4.6 Sep.3
6 Cl 4.5-5.6 4.9 4.5-4.7 46 4.6 Sep.3.
S04 | 1.3-18 1.5 - 1.2-1.4 . 1.3 1.2 Sep.3.
NO3| 8399 | . 93 | 8.7.94 8.9 8.9 Nov.6

TDS | 559-634 583  1:512-638 542 534 Nov.6

HA| Na | 44-49 .46 1. 4148 4.3 4.15 Sep.3
7 Cl.| 4559 4.8 14.2-52 - 4.4 4.2 Sep.3
5041 1.3-18 1.4 1.1-1.7 1.2 1.1 Sep.3
NO3 9-9.9 9.3 8.5-9.9 0.4 2.6 Nov.6
TDS | 638-730 670 634-687 651 687 - Nov.6

HA! Na 5-6.7 52 4.7-52 4.9 . 5.1 Sep.3
8 Cl | 65159 5.5 5.1-5.4 52 54 Nov.6
1804 1.4-21 1.7 1.3-1.6 1.6 1.6 Nov.6
NO3| 8.295 _.8_9 : 8.4-9.7 9.2 2.3 Nov.6

TOS & No3 concentration ‘in mgi
Na & Cl & So4 concentration in meqg/
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‘PABLE 1-6 - WATER QUALITY IN HATTEIN CAMP (1)

IDATE

oS | PH

Cl

B " Na Ca Mg So4 -

© Jnemos mg/l o megl - fmeqid wicgAd - fmeg/l megfl
3044791 1020 653 12 ©2.8% 4.4 2.7 3.39] 1
16/5/94 762 488 - 146 1.5% el 2.8 1.96 0.85
20/6/94 751 481 7.55 1.43 3.5 2.8 1.98 0.84
W9 764 189 1.61 2.8 347 - 28 2.02 0.77
14/8/94 678 43 1.25 1.23 319 2.9 1.51 0.8

14/9/9% (682F - 436] _ o 3

TABLE 1.7 WATER QUALITY IN HATTEIN CAMP (2)

foave: | B¢ | TDS PH Na " | ..Ca Mg Cl ' Sod

| matos g/t . fmeqil meg/ meq/l meg/] meg/l
34194 1495 957 7.32 8.7 3.83 .27 22 ‘1.6
16/6/94 - 1054 675} 7.47 4.52 36 .22 404) 087
22/6/94 1315 970 7.24 7.97 &) C 2.2 _6.56 . 1.22
711194 923 591 1.41 3.56 3.49 2.1 3.35 0.8%
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TABLE 1.9

WATER QUALITY IN MURHIB WELL FIELD

. T 1993 1994
Well ftern 4 ' N Last Reading -
No. Range | Average | Range | Average | Value | Date
T0S 466-489. | . 476.5 | 468-481 | - 4726 472 OB
Mr Na 2-229 | 2.1 223, 2.1 2 " Sep.26.
1 Ci 21-25 2.3 2.1-2.3 22 2.2 Sep.26
S04 0.5-0.7 06 051 | .07 0.6 Sep.26
NO3 8.4-10.1 86 7.7-9.3 8.8 ‘8.9 Ocl.6
T0S 485-514 ] 4928 | 184-530 | 4986 | . 488 Ocl.6
Mr. |Na 2.2-29 2.3 2.2-28 23 | .23 | Sep.g6
2 Ct 2.4-2.8 25 23-28 25 2.7 Sep.26
S04 - 0508 | 1 07 ‘0,608 07 0.8 Sep.26
NO3 11.6-18.1] 134 [108-17.6| 136 - 12.4 Qcts
TODS 511-553 547 '|-541:558 548 547 Qcld -
“Mr o [Na - 26 . 26 25286 26 26 Sep.26
3 Cl 3-3.3, 3.1 2.9-3.1 3.1 3.1 Sep.26
S04 06-08 | 0.7 0.7-1. - 08. 09 Sep.26
NO3 252-28.7{ 268 |24.3-289| - 27 © 266 Ocl.6
T0S 539-5648 | - 544.5 | 538-573 | 551.2 538 | Ocl.30 |
Mr {Na 25 | 25 2527 (26 2,65 Qct.30
T4 cl 2931 | -3 335 | 32 3.54 Oct.30
|so4 05038 0.7 0.6-1 . .0.8 07 Ocl.30
NO3 26-27 | 258 12.1-28 251 12.1 Ocl.30
TABLE 1-10  WATER QUALITY IN DEEP PHOSPHATE WELL
DATE . Ec |TDS PH Na Ca Mg, Ci Sod ~ No2
© . fuimos - mg/l tiegfl- - JmegA 0 Jmegl meg/l - el nig/i
22/8194 613 392 7.34 0.85 2.69 2.8 12 0.4 0.31
449794 6l6 394 7.46 0.86 2.69 2.8 1.07 0,28 0
14/9/04 601 385 ©1.65 0.86 2.75 2.7 .12 0.35 0.22
15/.10./94]  6ls 394 7.19] B . _ 0.08
TABLE 1I-11  WATER QUALITY IN RUSAIFA (18) WELL
DATE Ec _TDS PH., Na Ca Mg Cl Sod No3 |l
, mmos mg/l o |meqit o Jmegl c lmegt e/l meq/ mg/l -
26/3194 230 . 598 7,29 S 283 4,07 S22 3.29] 0.54 N
24194 1218 780 75| 43 5.31 2.1 523 0.87 527
515194 919 608 7.69 2.78 4,26 210f 3.22 0.61 35.5
216494 26t C6l1s -1.55 1299 436 2.2 3.3s 0.7 35.5
1194 964 617 7.98 2.91 4,487 273 3.47 0.67 35.4
[ 218004 953 610 7.69 2.9 428 23 3.33 0.86 36.1
9194 626 40t 7.45 .02 275 2.1 1.24 0.36 4.45
10/10/94 616 394 7.55 1 3.16 2.8 .03 1.03] . 1.99
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'TABLE 1-16 WATER QUALITY OF COLLECTED INDUSTRIAL

WASTEWATER _
Item Range (mg/L) Average | No. of Coltecled
- Min. _ Max, 1 mgiday Sanmiples
o : Discharge * Discharge * | :
] . - |rate m3¥/day rale ind/day
TDS 2662 50 10512 05 (1032 15
"~ COD 150 3000 317197 0.5 33858 2
BOD 124 2000 3914 | es | w02 | a1
8§ 131 1 116596 | 05 12823 | A
NH3 7. 30 | 38s T Y R i

Chemical analysis results of the collected Industrial waste water

Table {4 - 16)

Samples, inchiding Range, Average, Discharge rate and no. of collected samples,

(WAJ DataBank) I

L

Discharge ratc of the presented value oaly.
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FIG. I-1 SALINITY VALUE IN AWAJAN WELL FIELD
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FIG. I-4 NO3 VALUE IN HASHEMEYEIH WELL FIELD
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Attachment Water Quality Survey



~ ! This survey was conducted by Hydrotech International.

ATTACHMENT.  WATER QUALITY SURVLEY'
1,. GENERAL

This sampling program includes the collection of four water sampling scts from major
reservoirs, pumping stations and boosters, as well as house taps within the Study Area. The
sampling points are listed in Table below. The four sampling sets were collected during the
period of Janvary 1995 to August 1995 (two sets for wet season and two sets for dry season).

Chermical and biological samples weré collected from the locations and sent to the laboratories

for chemical and biological analysis. Meanwhile field measutements of EC, pH, residual
chlorine and DO were measured on siles.

TABLE SAMPLING POINTS

TYPE LOCATION No.
Awajan 1
RESERVOIR | Batrawi i
Khaws Nos. | and 2 1
Zarga : o
Al-Aziag (Outlet) |
Al-Hallabat " (Outlet) 1
Al-Khaldeya (Inlet) 1
Al-Khaldeya (Outlet) 1
Al-Zatan (Inlet) |
Al-Zatan (Outiet) 1
PUMP - Al-Rusaifa Booster 18 (Oullet) 1
STATION Al-Rusaifa Booster 4 {Outlet) 1
OR | Al-Zarga {Inlet from Hashmyeh) 1
BOOSTER Al-Zarga (Inlet from Khaw) 1
Al-Zarga (Gutlet to Rusaifa) 1
Al-Zarga (Outlet to Zarqa) 1
Khaw __(Inlet from Azraq) 1
| Khaw - . (Inlet from Zatari) 1
Murhib " (Oultlet) R
Zarqa area 4
New Zarqa area 3
o [ Rusecifa'area 3
“HOUSE TAP. { Schailler area 3
' Awajanarea 1
Hashmyeh arca 1
Sukhnah area i
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2. ITEMS MEASURED .

In ordér to study 1) characteristics of the drinking water from the source to the consumer, and
2) any changes in ils chemical composition during water stay in the reservoirs and/or the
boosters and pumping stations, two types of lests were conducted. These are general test and
special test,

2.1 General Test

The piir'pbse of carrying these tests is 10 study the: physical, chemical and biological .

characleristics of water. Water quality analysis items for the samples from pumping stations,
reservoirs and house taps are as follows:

a) Physical _ _
Temperature (at sampling point)
pH (at sampling point)
Odor
Taste -
Color
' Turbidity
b) Chemical -
Dissolved Oxygen (at sampling point) -
Chloride
Sulfate
Total dissolved s'ubstanccs
Alkalinity
~ Chlorine resmlual {at sampling point)

- Nitrogen NH4t
Hardness
rett

Mnt*
Nitrate
: _ Nitrite

) Biological .
Fecal coliforms
Bacteria

2.2 Special Test

The purpose of these tests is to study a specific change in the chemical composition of water.

© These tests include:

(l) Langeller Index

The purpose of this test is to estimate the corrosiveness and the tendency towards scalmg and

fouling behavior of water, This test is important for long steel piping. This test is appl:ed on the
following three sites among which the longest steel pipes are laid. .
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#

. Al-:ﬁzmq station (outlet).

s Khaw Station (inTet from Za'hts{ri).

° Af-Zarqa'stélion (outlet to Rusaifa).
(2) Aeration

This method is used normally to remove dissolved gases from water. The process in most cases
results in oxidation of iron and other metals, which will precipitate and thus TDS of water will

- decrease although slightly. Zarqa well No. 14 was selected for this test since both its

productivity and TDS are high.

(3) Stabilily of Chlorine

This test was done to determinie the decrease in the concentration of chlorine in water after

storage in roof tanks of the consumers and how long the chlorine concentration will remain
within the desired range. T’ hree sites were selected to apply this test. These are Zarga, Rusaifa

and Hashemeyeh.

(4) Chemical Dosage
The purpose of this test is to study whether or not the water hardness can be reduced by adding
soda ash, This test was applied on Zarga well No. 14.

(5) Fluoride
Water that contains fluoride hlgher than the heallh recommendations may requue deflouridation
in order to prevent fluorosis. This test was applied in Al- Zarqa stat:on (outlet to Zarqa).

(6) Chlorine |

This test was done to determine thie rate of cdnéumpliou of chlorine aiong lh{a distance from the
chlorinating point for the main source of drinking water for the majority of the population' of
Zarqa district. This test was applied on three points along the outlet of Al-Zarga station and
Rusaifa booster.

‘3. METHOD OF 'W.ATI*IR QUALITY SURVLY

3.1 Water Sampling

For a well with pumping equipment, reservoirs and house taps water arc sampled from the

~ outlet pipe of the well directly into the water sample container. The water sampler, water sample
‘containers and buckets are kept clean before using, and are washed with the water to be

sampled at the smnplmg point before samplmg Measures are taken to prevent the water s*unple

- from being com'nmnaled duting traisportation.
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3.2 Water Quality Analysis .

" Laboratory analysis of the water quahly iteins are based on the related secuons of 'Standard

Methods for the Examination of Water and Wastcwater (18th edition, 1992) publlshed by
APHA (American Public Health Association) and- AWWA (Amencan Water Works

Assaociation), |

4. FIRST SAMPLING SET RESULT |

The results: of the water quality analysns and special testing expcnments for. lhe first samp]mg
set (January 1995) are shown in the Tables 1 to 9. ‘

4.1 Fie"ld test result

The taste and odor for all the samples were acceptable, except for the two samples collected
from Khaldiya Station. '
Température of all the collected samples range between 10.2 and 30.9 °C.

The pH values range between 7.14 and 8.02.

The Electrical Conductivity range from 0.495 to 1.404 mSfen,

The Cl2 concentration range from less than 0.1mg/l vp lo 2.5mg/l. In the reservoirs, the CI2
concentration range between 1.5 to 2 mg/l with an average of 1.7mg/l, while in the pumping
* stations inlets, Cl2 concentration range between <0.1mg/l at the inlet of Za'atari Station o
I.Smgli' at the Zarqa Station infet from Khaw. |

‘ The samples collccied from the oullets show a Clz concentration range of <0. lmgfl in Russalfa.

" booster 4 to 2. Smg/l in Azraq Station outlets, where the average value of 1.47mg/l. For the

samples collected from house taps, CI2 conccntrauon_ range between <0.Img/l in Russalfa

Awajan and Shneller Camp areas to 1.5mg/l in Zarga, New Zarqa and Hashemeyeh. with an
- average value of 0.84mg/l.

Thé Dissolved Oxygen values were among the range of 3.5mg/l to'9.5mg/l with an average
- value of 7.01mg/l.

Hordanian standard No. 286 for drinking water that was put in 1988 and amended in 1990 (JSDW 1990) is -
used as an ‘evaluation standard for the collected samples, in the fol!owmg discussion; it will be notifi ed by lhe
‘expression “the standard”™. :
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4.2 * Laboratory Analysis Result

'Reservoir _ _ _
Samples were collected from the four major water reservoirs in the Area (Awajan, Batrawi,
Khaw and Zarqa) and the results are presented in Table 2.

Water salinity within these reservoirs range between 530mg/l in Zarqa to 695mg/l in Awajan.
According to the standard, this water salinily is around and above the permissible limit of
500mg/l (Fig. 4). =

Hardness vatues for house taps refléct those from the supplied reservoirs. Water in Aw_ajén ang
Khaw reservoirs are very hard (330 and 270ppm respe:c_:tively) while that in Zarqa and Batrawi
are less harder -- about 175ppm --, however, 70% higher than the standard (Fig. 5).

The same reflection appears for chloride, however the values are around the standard with an

average of 203mg/1 (Fig. 6).

Nilrogen, nitrate and sulfate concentrations are bellow the permissible limit, and the alkalinity is
less than 68mg/l. The turbidity values are less than 0.57NTU. These values are below the
permissible limit.

Pumping stations and Booster _

_ A total of 15 samples were collected from the inlets and outlets of the major pumping stations
and boosters. The results are shown in Table 3. Khaldiyah station water is considered a special
case among these stations, since its water is very saline having a TDS values 2,870 mg/l (Fig.
7).

“The rémaining stations show two problems; oneé is Hashmiyah water input to Zarga station
'{755ppm), the other one is Russaifa boosters (about 900ppm). The average salinity of all the
stations is 1,041 ppin which may not reflect the real situation as the average witheut Khaldiyah
water is 535ppm, slightly above the standard.

Only Azrag water have total hardness values below the pennissible limit, and the rest of the
samples were very hard especially those callected from Russaifa and Hashmiyah (Fig. 8).

For chloride concentration, about 85% of the collected samples are below the permissible limit
(Fig. 9).

' The average concentrations of nitrate and sulfate are 13.9 and 8.3mg/l respectively, The
alkalinity of these samples is less than 78mg/l, and the wirbidity is less than 0.58NTU, all these
. values are far below the standard.



Touse Taps Waler _ : :

Table | presents the ané]y;sis results for the samples collected from the house taps.

House tap waler shows values of salinity between 432 ppm and 870 ppm, The salinity is
représented in Fig. 1 where only two samples are withini the standard permissible limit with the
average being 683.8ppm, higher than the standard by about 37%.

The problem is worse for hardness, as the average for the collected samples is aboit three times

higher than the standard and all the values are abave 200mg/l, double the permissible limit (Pig.
2). Russaifa and suivoundings areas specifically show very high h_a&lnéss values,

~ As for chloride values, all of the samples from Russaifa, Shineller and Awajan were found to be
30% above the standard, while the samples form Zarda city (iicluding new Zaiqa) are about
10% more or less than the standard. The sample coliected from Hashmiyah is 40% lower than
~ the standard on the contrast from those collected from Sukhna (Fig. 3).

The nitrate and sulfate concentrations were far below the permissible limits, where the average
concentrations of the nitrate and suifate are 20mg/l and 10.6mg/! respectively,

The alkalinity ranges between $2mg/l in Zarqa and Hashniiyah to 78mg/l in Shneller.

The concentration of Fe*? and Mn*? is very low and traced only in seven and four samples
respectively; the Fe'? concentration is less than 0.009mg/l and the Mn*? concentration is less
than 0.087mg/l.

The turbidity value is less than 0.57NTU which is bellow the standard,
4.3 B_actcribldgical test

Total bacterial count (TBC) and fecal coliform count tests were conducted on the samples for
jeservoirs, house taps, boosters and pumping stations.

The results l;or’:lota! bacterial count shows that:
o 5 samples with no growth.

o 8 samples less than 10 cells/ml.

o 11 samples between 10 and 100 cells/ml.
e 7 samples between 100 and 1000 cells/ml.

o 2 samples more than 1000 cells/ml.

No trace of any probable number of coliforms was fouiid in the samples.
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4.4  Special Test

Langelicl Thdex :

The calculated results for the Langelier Saturation Index for the three sites are negative values as
shown in Table 4. This is clear from the high hardness values for all the samples included in
this survey. Negative value means that the water have tendency of dissolving calcium carbonate
and hence the sampled water is considered to be corrosive, The values for Za'atari station inlet
into Khaw station and Azrag station outlet are -1.39 and -1.2 respectively which is considered

to be a moderate corvosion problein.

Aeration

" The résult is shown in Table 5 and indicates (hat the Electical conductivity of Zarga Well No.

14 water is reduced only by 2% within one hour; Aeration is inadequate for TDS reduction.

* Stability of Chlorine

Values for this test aré shown in Table 6, and repn,scntccl in Fig. 10,

A decrease of abowt 0.6mg/l was obtained for the three samples after 36 hours. The curve
fitting for these experiment shows a conelation factors for the three experiments in the range of
0.935 to 0.953 which is acceplable.

'What is not sufficient is that the substitution of time {) in the obtained equations -- that must give
the initial concentration -- gives a valuc of about 0.15 less than the actual, which means that the
‘obtained equations are not accurate for low time intervals, but for long tinie intervals, the

calenlated values will be much more accurate.

Chemical Dosage

Lime soda dosage experiment was carried out for Zarqa well No. 14 and its result is shown in
Table 8.

The result shows a sufficient decrease in total hardness of 58%. The amount of lime added is
the stoechiomelric limiting reactant, and the yield was very encouraging.

~ Fluoride

The fluoride test conducted for Zarga station outlet shows an acceptable fluoride concentration
of 0.1mg/l, which is 10% of the permissible limit. '

Chlorine _
The result shows that chlorine concentration decréases from 1.6mg/] at Zarqa station to 0.6mg/l
after 6Kim and to 0.3mg/l at a distance of 10km from tlic station in the direction of Russaifa

(Table?)



Curve fitting is shown in Fig. 11 and the conelation factor is 0.96, and the equation shows to
be stable for all the distance range. '

5. SECOND SAMPLING SET RESULT

8,1 - Field fests result

Field tests were conducted in March 1995 in the specified locations and the following results

were obtamed

The tasté and odor for all the samples were acccplablc cxcept for the two samples collected
from Khaldiyah Station.

“Temperature of all the collected samples range between 11.2 and 27.8 °C.
The pH values range between 7.0 and §.4.
The Electricat Conductivity ranges from 0.54 to 1.275 mS/em.

‘The Cl, concentrations range from less than 0.1mg/l up to 1L.omg/l In the resé_,rvoii's. the Cl,
concentrations fange between 1.2 to 1.55mg/l with an average of 1.39mg/l, while in the
pumping stations inlets Cl, concentrations range between <0.1mg/l in Zar’qka' and Za'atari
stations to 1.6mg/l in Khaw ‘station inlet from Zatari. The samples collected from the outlets
show a Cl, concentration range of 0.5mg/l in Zarqa to 1.6mg/} in Za'alari Station outlets, with

an average value of 1.221113.’].

For the samples collected from house taps, Cl, concentrations range between <0.Img/l in

Russaifa and Shaeller Camp areas to 1.5mg/l in Awajan, with an average value of 0.54mg/1.

- The Dissolved Oxygen values are among the range of 4.2mg/l te 9.9mg/t with an average value
~of 7.6mg/l.

5.2 Laboratory Analysis Result

_Reservoir
Results are presented in Table 11.
Water Salinity in the reservoirs ranges between 430mgfl in Batrawi to 805 mg/l in Awajan
According to the standard, this water salinity is above the permissible limit of S00mg/l (F:g
15). '
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Hardness values have an average of 326 rmg/1 and all of the four samples are above the limit. In
Batrawi the total hardness is 230 mg/l but the hardiess in Zarqa is arourtd 459 mg/l. Total

‘Hardness values are shown in Fig. 16.

Fig. 17 represents the chloride fon concentration for the four reservoirs. The chloride
concentration is normal in Zarga, Batrawi and Awajan, with an average of 177.5mg/l, hiowever
itis slightly high in Khaw reservoir (24% higher than the Hinit).

Nitrate and sulfate concentrations are far below the penniésiblé limits, so as for alkalinity --
which is Jess than $6mg/l -- and wirbidity which is less than 0.28NTU,

Pumping stations and Boester

Table 12 shows the results for the boosters and pumping stations, The average salinity of 509
mg/linall the boosters and pumping stations as shown in Fig. 18 is similar to the first sampling
results of 527 mg/l.

Water of Khaldieh station shows a salinity value of 3,013 mg/l. For the rest of the stations, the
values are almost the same with a range of 370 mg/l in Zatari outlet (0 952 mg/l in Russaifa
booster No. 4. Five values out of the 15 points are above the permissible limit, two of which
are for Russaifa boosters.

'Every total hardness values in the second set exceed the standard, the fowest is 101.1mg/l and
the average is 301.6mg/l as shown in Fig. 19.

Chtonde ion concentration for all the stations are within' the limit, wﬂh an average of 136mg/l,

except for Khaldiyah.

" The nitrate concentrations range from 4.2 mg/t at Khaw inlet from Azraq to 55 mg/l at Rusaifa

booster 4. The sulfate concentrations are below the permissible limit with an average value of
9.9 mg/t. ' ‘

The atkalinity values are less than 60 mg/l, and the turbidity is less than 0.46NTU.

House Taps Water

“'The salinity for house taps presented in Fig. 12 are all above 500 mg/l, ranging from 510 in

Zarqa 1 to 878ppnvin Russaifa wilh the average of 667 mg/l. Salinity is higher than the standard

except in Hashiniyah. Salinity in Russaifa and susoundings are more saline.

The problem for hardness reappeared also in the second set of house tap samples, as the

“average (316 mg/) for the collected samples is more than three times harder than the standard
~and maost of the values are above 200mg/l (Fig.13). Russaifa and surroundings areas also show

high hardness vatues.
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As for chloride values, all of the ._samplcs from Russaifa, Shneller and Awajan -- except for one
-- are found to be 30% above the standard, wiith the samples form Zarqa city and new Zarqa are

“about 10% more or less than the standard. The same !hmg applies for the sample collected from

‘Hashmiyah and that collected from Sukhna (Fig. 14).
For the rest of the items, the values are far below the standard (Table 10).

The average values for nitrate and sulfate concentrations are 12.86mg/l and 11.6mg/l
respectively. The atkalinity is less than 62mg/l and the turbidily is less than 0.57NTU. -

Iron concentration observed is very low -- less than 0.1mg/l -- and is traced only in one sample,
while manganese was absent from all the samples.

5.3 Bacteriolegical test

Total Bacterial Count and Fecal Coliform Count tests are conducted for reservoirs; house taps,
boosters and pumping stations,

The results for total baclerial count shows that:
+ 10 samples with no growth.

o 5samples less than 10 cells/ml.

* 10 samples between 10 and 100 cells/ml.
¢ 7 samples between 100 and 1000 cells/ml.

¢ 2 samples more than 1000 cells/ml.

“In this set of samples, 29% of the samples are of 0 bacterial count while in the first sampling
-set, about 15% of the samples are of 0 bacterial count. '

No trace of any probable number of coliforms was found in the tested samples.

Special Test

Langeller Index

The calcuilated results in Table 13 for the three sites indicate water tendency towards dissolving
Calcium Carbonate and hence the water for these samples is considered to be aggressive. -

6. THIRD SAMPLING SET

6.1 Ficld Tesl Result
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 Following are a summary of the field measurements conducted in the water sampling locations

in Junc 1995. The detailed measurements are presented in Tables 14 t0 22.

e The taste and odor for all the samples are acceplablc. except for the two samples collected

from Khaldiya station.
s Temperature of all the samples range between 24°C to 39°C.
e The EC range from 0.618 dS/m to 1.575 dS/m while the pH value range from 7.34 to 8.06.

¢ TheCl, cOn_ccnlrati'on range between 0.25mg/1 to 2.1mgfl while DO values are of the range

of Smg/l to 8.9mg/l.
6.2 Laboratory Analysis Result

Reservoir
Results for the major reseivoirs are presented in Table 15,

Water salinity in these reservoirs range from 463mg/l in Awajan to 815mg/l in Zarga. Salinity
of these waters is above the permissible limit, except for Awajan reservoir.

Chloride concentration range between 120.5mg/l to 275.5mg/l, with an a_vcragé of 235mg/l. Ci
concentration only in Awajan reservoir is below the permissible limit,

Hardness values range between 25 1mg/l to 307mg/l showing a very hard water.

Nitrate and sulfate concentrations are low with an average of 14.8 mg/l and 8.16mg/l
respectively. Meanwhile, the alkalinity aze less than 81mg/t and the turbidity values arc less
than 0.25 NTU.

Pumping Stations and Booster
A total of 15 saniples were collected from the inlets and outlels of the major pumiping stations
and boosters. The analysis results are presented in Table 16.

Samples collected from K'ha'ldiya‘slation were not considered in the following discussion, since
its water is very saline having a TDS values >3,000 mg/l.

Salinity range from 355 mg/t in Za'atari to 973 mg/] at Rusaifa booster 4. About 69 % of the
salinity are above the permissible limit.

Chloride concentration range from 103 mg/i in Khaw inlet from Azraq to 475 mgfl in Zarqa
oullet t0 Zarqa. Abcul 46% samplcs have higher Cl concentration lhan ihe pennissible limit.
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Total hardness values are above the pemnssnble limit. They range from 120 mg/l in Za’atari
ouitlet ta 301 mgfl/l in Zarqa outlet to Rusmfa

Sulfate concentration is below the pemlissible limit, with valies less than tS5mig/l. Also the -
same condition can be stated for NO, where the concentration values is tess than 10mg/l except
at Rusaifa 4 where it is 53 mg/l.

Alkalinity values are less than 90mg/t and the turbidity values are less than 0.45 NTU. ﬁ’

House Tap L
Sixteen samples are collected from the house faps in the Sludy Area. Results are presented in
Table 14. '

Water Salinity ranges from 555 mg/l in Zarqa to 917 mg/l in Hashenmeyeh, all of which are
above the permissible limit.

Chloride concentration aré above the permissible limit, ranging from 224 mg/l in Rusaifa to 292
- mg/lin Awajan with an average of 264mg/l.

The total hardness range from 199 mg/l in Hashemeyeh to 376mg/l in Rusaifa, with an average f['
~ of 31 mg/l, above the permissible limit. : '

. Al nitrate concentrations but at Awajan (54 mg/l) are below the permissible limit. Sulfate
© concentrations with an average value of 15.1 mh/l are below the permissible limit.

: A!kaﬁnily values are less than 90mg/l and Turbidity values are less than 0.35 NTU.
6.3 Bacteriological Analysis Result

About 68% of the collected samples show no count of total Bacteria, while the rest of samples
“show a total bacterial count range fron 4 cell/mt to 73 cel/ml.

e As for the most probable 'Numbe:.(M PN) of Bacterial coliform, at 37 C about 91% of the -
| samples show no bacterial coliform and the rest of samples show valucs of (MPN) of E
| bactcnal coliform range belween (25 80)/ 100 m},

Special Test

Langelier Index _
Results show that L1 of water from Zarqa station outlet to Ruseifa i is -0.64 while 11 of water
fo: m Khaw station inlet from Za’ alan is 0,01, Water from Azraq staiion outlet has L1 of -0.88.
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- Chlorine

This test was conducted. for the Zdrga Ruscifa water line. 'l‘cst results show that Cl,
concentration decreased from 1.6 mg/l at the beginning of the line, to 1.2 mg/l after 11.8 km
distant on this line. :

Acration _
In this test, the Ec of the water decieased from 2,800 mnilios/cnm: to 2,730 mmhos/cm afier 3

hiotirs of thie test starl,

" Chemical Dosage
- After adding lime soda to the water, the hardriess of the water decreased from 1,080 mg/l to
940 mgfl, with a percenlagc reduction of 14.9%.

Fluoride
This test was conducted at Zarqa station (outiet to Zarga). F he measumd Fluoride concentration
was 0.1 mg/l, where this value is less than the Fluoride permissible limits in the drinking

standard of 1 mg/l.

7. FOURTH SAMPLING SET
7.1 Field tests Result

Field tests were conducted in Avgust 1995 in the specified locations according to the water -
survey program. Results of these field measurciments are shown in Tables 23 to 26. Following -
are a summary of these results.

e Temperature of all the collected samples range between 23°C to 32°C

o The measured Ec value range between 0.589 ds/m to 1.537 ds/m. while the pH value range
6.92 to 8.07.

e The CI2 concentration range from 0.00mg/l to 2mg/l,

+ The dissolved oxygen values range from 5.1mg/l to 8.9mg/.
7.2 Laboratory Analysis Result
: Rcscnoar _

Results for the four reservoirs are p:escnted in l‘able 24. Salinity of these reservoirs water is
above the pcmuss;btc timit rangmg from 700 mg/l 10 819 mg!i
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Chlor:dc and total hardness concentrations are also above the permissible’ lmm ranging in
concentration from (ZOSmg/l 2?4mg/l) and (385nig/l - 480mg/l).

Niuatc and Sulfate concentration is below the permissible limit with an a\}crage of 33.65mg/l
and 1img/l respectively.

Alkaiinily js tess than 60mg/l and the Turbidity is less than 0.25 NTU..

Pumping Stalicms and Booster

15 samples were collected from the pumping stations and boosters. Rasults are presented in
Table 25. Samples collected from Khaldiya station were not included in our discussion, due to
their high water salinity > 3,000mg/l. Evaluation shows that : |

o About 69% of the samples is above the permissible limit in salinity.

 Total hardness concentrations are above the permissible limit ranging from 188mg/t to
600mg/l. ‘ '

o  About 53% of the samiples is less than the permissible limit in Chloride concentration.

¢ Nitrate concentrations are less than the penmissible limit, ranging from 7.7 mg/l to 39 mg/i
except at Rusaifa 4 with 48 mg/1.

s Sulfate concentration is below the pérmissible limit, ranging from 1.9mg/1 to 17.1mg/l.

¢  Alkalinity concentration ranges from 19mg/l to 61mg/l, and the turbidity values is less than
0.25 NTU. ' -

House Tap
_ Analysm results for the 14 samples are presentcd in Table 23, Evaluation of these results show
'flhe following findings : :

"o Salinity of all the samples is above the permissible limil. The salinily ranges from 719 mgll
to 1,156 mg/l with an average value of 883 mgmg/l, where the highest salinity value are
recorded in Awajan area,

o The total hardness concentration is very high, with three to six times the permissible limit,
- and an avérage value of 485 lixgll ;

-« Chloride conceitration of about 88% of the collected samples are above the permissible
. limits, with an average value of 260 mg/l.

e Nitrate and Sulfate concentrations are below the permissible limit, Their concentrations

range between (16.4 mg/l to 39 mg/) and (1.4 mg/l to 19.5 mg) respectively.
o Average alkalinity is 22.4 mg/l, while the avrage turbidity is less than 0.20 NTU.
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7.3 Bacteriological Analysis Resubt

About 57% of the samples are of no total bacterial count. In general the (otal bacterial count is
low in the pumpirig slations, ranging from O to 30 cell /m. Largé variation is nioticed in the total
bacterial count for the house taps, ranging from 0 to 3,800 cell /ml at Schniller House tap 11,

About 86 % of the collected samples show nil iii the most probable number (MPN) for bacterial
coliform at 37°C. For the temaining 15% the MPNs raiige from 5 to 80 cell of coliform per 100

mi.

At 45°C, no presencc of bacterial coliform hré indicated for all the samples,

Special Test

'Langélier” Index

Three samples were collected to conduct this test. Resuits show that water from Zarqga station
out let to Ruseifa is of LI equal to -0.52 while LI was -0.42 for the water collected form Khaw
station inlet from Zatari. Waler from Azraq station outlet has Lt equal to -0.4.



First Campaign Water Quality Analysis Resuits
‘o Water samples collected during the period ( 1-2-1995 & 7-2-1995)

General Items
Table I: House Taps _
Ted [Unit - [Sukdne {Hashmie |Awajan|Sh  |Sh |&h Rusaifs | Rusaifa | Rusaifa | Zarqa | Zarga | Zasqa |Zarqa [ New | New | New
Rt ' . | Canp |Tp [Camp 1 U ot i b |3V | Zarge | Zargs |Zarge
R 1 Ii AL Co L I - In 11
EC m&4m§0.941 0685 |1.182 138 |12 1.145 J1.25 1.18 1.28 0.67 0797 ]0.867 |0.78) |0.859 |0.929 | 0857
pl Rl 18 | 7.68 765 |73 7.4 745 17.76 7.65 785 |78 [2.72 |7.84 |93 268 |7.63
Temp. °C. - {118 1728~ 133 131 |128 |13 134 122 13.8 15 13.7 |1568 [246 1309 159 183
Cl, w105 1.5 <01 <0.1 |03 <01 |04 <0.} 0.1 0.6 1.5 1.5. 1.2 1.2 15 1
DO flmpd A8 8 12 8 6. |7 72 3.8 67 73 (%] 95 18- 8 79 72 .
Taste A, Aco. Acx. Aocc. |Ace (JAce. |Acc Acc.  [Acc Ace. JAce. |Ace. A (A A JAw
03 B 70 fAce A Ace. Acc. [Aco. [Ace, [Ace. | Acc Ace.. |Aw.  JAce |Acc. JAcc JAcc. |Acxc. |Acc
Tubh. INTU. [0.57 {045 ¢z, {022 (023 1029 |023 {021 - 1023 027 [025 |026-]025 3024, |027 :]03]
Color C Ao Ace. Acc. Acc, A Ao |Awe. {Acc Acc. Aco. . |Ace. JAce, Ao JAce Ao | Ace
DS Eoipd  [655.0° | 4320 8150 ;7850 ]1%35.0{7850 §8550 [&S00 8700 |465.0 | 550.0 |600.0 | 545.0 15950 | &45.0 |590.0
Al fopl - |75 52 73 78 175 - lig 70 75 58 54 56 |52 61 60 65 64 .
TH. Fewpd - §2442 (2002 3924 1380414104 (3864 {3904 [3964 |390 200 2342|2513 |2002 |2062 |2523 [2683
Cl o] - | 284 106.5 2663 124852663 112663 {2663 1663 266 178 |213  |213- |195.2 {213 2307 1213
50, fmpd - [6.85 378 594 356 |34 37.95 {2.02 0.61 1.43 578 1492 |17 1.6 1578 1304 |14
NI Qmpd OO 00 0.0 0.0 0¢  [00 0.0 0.0 0.0 0.0 Q.0 0.0 o0 0.0 00 0.0
Fe ' Fmgd - J0.00% 0.0 0004 |00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 |00
Mn mgA: ]0.0 00 00 0.0 Q0 00 0.0 0.0 0.0 0.0 Q.0 0.0 Q.0 0.0 0.0 0.0
NO; kgl Jt22 - |93 0.5 315 |31.7 |69 304 28.7 254 124 152 165 {1035 ]132 148 137
NOy fmgl  j0.0 0.0 0.0 0.0 08 00 0.0 0.0 00 0.0 0.0 o0 [00 0.0 00 0.0
TBC fCells j12 80 2200 0 35 2 1] 80 1 560 |0 50 ] 146 0 31
- pecml L : .
TFC [[MPN [0 [ I L) 0 4] 0 0 0 0 0 0 0 0 0 0 0
* Table 2: Reservoirs
Ted Unit | - ZargaSt | Batrawi | Awajm | Khaw
EC mSan ¢ 4 081 0.769 1.007 0945°
pll ) 1 1.55% ° 7.45 7.72
Temp. °C 28, 216 183.1 16.8
<l mgh . LS 15 2 13
DO mﬂ' 1. k7S 6.3 6.2 8.1
Tasle . f A Act. Ace, Aco.
Odoc - : -4 Ace. Acc, Acc, Acc,
Turh, N 0.34 0.43 0.3% 057
Color ] : Ace. Acs, Ace. Ace,
D8 A . ] 5300 535.0 695.0 650.0
(A, fmgl - k65 &8 &7 0
TH fmpd 1742 _ 170.1 3303 | 2703
Ci g/l S A A 188.7 213 2307
50, wgh . ] 467 1.91 355 i75
Nii, mA - R 00 0.0 0.0 ()
[ Fe mah 0.0 00 0 00
Ma R 0.0 0 00
RO, g/l I 122 %5 142
No._ fmgd . JO0 00 06 00
TBC__§ Cellsperemi | 1 1 1 1000
1¥C MPN - - 0 Q 0 [

- 40



Table 3: Boosters and piumping stations

fled  [Lort JZarqa - |Zarqa JZerqa |Zarqa |Rusaifs [Rusaifs[Murbib [Khaw [Khow  [Haltabat [Azaq |[Kbhaldish|Khaldich[Zataci  [Zatari
(Tnlet (inlt  |(Outlet |(Owt |Booster [Booster [(Outlat)[@put [(Inpt J(Outlet) [(Ouilet[(inlct)  [(Outlet) [(nlet)  HOwtIt)
TOm from - |to [5+] 4 "It fromy  {lroen
: Hashmie) (Khaw) [Zarga) |Rusaifa)]{Oula) l(Qutia) Amaq) |Zatari) | .

FC  Iosial1.095  Jo63. [0801 [0.797 [1.404. [1asy ‘[0.632 [052t [0.495. [0.718 Jo.553 5251 [5193  10.505 - [0.497

H l B X7 201 1791|778 114|733 |77 797 {725 l|ra7r |iss. |16y |re3 Jree  [1mz |
fenp. C__ 237 (248 J245 247 102 18 . f22 - 146 (279~ Jaa1 234 23} 1232 | VI
Ch . lmpA 03 ig . Jt.s 15 - Ikod phis Jos  Jis. 18 157 s l<on  f<nd J<o1 | 32
DO fmpd I5 172 167 |64 15 69 |6 58 |66 |7 |6 5.4 59 [ 7
Tade IAce. Ao JAco. Ao . lAee Ace.  JAcc . JAck  jAce JAce Ace. . [Ace. Acc. . JAco. Aoe,
Odor T MAce - [Ace o JAcc cJAee o JAce i JAce  JAcc : JAos.  |Aoo ; JAce [Acc. JAce. Acc.  JAcs. o {Ace
Turb. fINTU [031 035 lo4g |026 . losB  [044 |02z . [045 Jo3t Josz . Jo3s, [oas o35 - Jos1  Joaz
Coloe | o O N R L T T L S O L L L ) Acx.
TDS g _[7550. 1350|5500 [6100 |5150 8750 [4550 [3850 13550 4060 [390.0 }28700 {2296 [3350 {3100
AT, [bogd §71 159 59 69 78 &7 68 72 65 58 et s P32 les i
Tl fwgd B3063 P56z 2502 2503 [4i2.4 . |4204 [2983 [1000 |rdoy fav62 341 i1 jiooz . [120.0 1341
0L g 3284 14 [z 1952 184 142 1065 192 1242 h177s 1097 fosd4 721 1307 [1065
350, [lngd 120 1.8 7 |79 297 23 254 Dam Jivar Jaaz 2131 2648 3334 [3a3 |55
N 0.0 00 |60 Joo {00 o0 Joo. .|o0 . Joo. -foo . Joo . |oo 0.0 0.6 0.0
Fe E o oo oo oo - {oo 00 . |00 |oo. [oo  fo00 oo oo  Joo 00 - [00
My fmgl 00 00 100 |00 [00 00 (00 o8 oo Joo ' Joo  joo 0.0 0 “ loo
NO; g jwo 943 131|107 1319|383 [ize [506 736 707 |69 - Iso4  Is3e ‘lea2 10.5
NGy g/t 00 oo Joo . [oo 00 0o oo oo oo 00 o0 0.0 00 [o0
[TRC  fJCells 4 500 [0 2800 " |1 7 10 150 o won |4 ES 5 172 |50
. or ml . . . .

TFC_MPN [0 0 o 10 ] ¢ a 0 0 0 0 0 0 o I

Special tests and experiments

-

* g:" Table 4: Lang?l:'er Safuration Index Results

“Site. . FlLangelier Saturation Index |~ .-~ . Corments

A] Azraq Statwn {Ouilety _ -1.2 Tendency to dissolve CaCO3 ( Corrosne }
Khaw St. {Input from Zatari) -1.39 " [Tendency to dissolve CaCO3 ( Corrosive }
| Al-Zarqa Station (Outlet to Zarga) -0.54 " |Tendency to dissolve CaCO3 ( Corrosive )

Fable $: Aeration Experintent Results

| Electricat Conductivity Before Bxperiment (mSfem) |~ 2180
Elecirical Conductivity After Experiment (mS/cm) | . 2140
Percentage Reduction 1835 %

Chlorine Stability Experimeats Resulis

Table 6: Chlorine stability with sforage time

Time (min) -} Zarga | Russaifa:| Hashimieh
0 08 | 16 12
& 5 1 0.78 1.42 1.1
g 10 | 069 1.45 1.1
20 0.72 1.43 1.1
30 071 | 143 1.1
60 069 | 139 1.1
120 0.65 1.38 1
240 0.5 : 1.36 ' 1
360 | 05 127 | 09
‘7200 |- o045 | 12 | ‘o8
1200 029 | 1,01 0.8
2160. L 022 ] 1093 0.6
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Table 7: Chlorine s!abrluy mrh tronsporiation d:s!am‘e

S:te Distafice From Zarqa Station (km) Chionne Cone. (mg/l} |
Point 1 0 1.6
Point 2 2 1.5
Point3] - 4 0.8
Point 4 .6 0.6
Point 5 10 - 0.3
Table 8 Lime Sodo Dosage Erpmmmf
Hardness Aﬂer Expen ment 620:
Hardness Before Experiment | | 266
Percentage Reduction 58,065 %
Table 9: nmidé Test Resulls
- S:te - | Fluoride Concenyralion (rg/l )
Zarqa Slatlon (Outlel to Zarqa) . 01
Permissible Standard 1.0
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Second Campaign Water Quality Analysis Results
e Water samples collected during the period (2-3-1995 & 11-3-1995)

~ General ftems
Table It: Ilouse Taps
Tet ! Sukhna |Hashmie |Awazjm |Sh.: |Sh |&h Rusaifa | Rusaifa | Rusaifs | Zarqa |Zarga | Zarga | Zarqa [New . | New | New
. ‘ - | Camp | Tap | Canp |T n 1 | H v Zarqa | Zarqa | Zarqa
_ N Lo | . N R : N B | n_ |m
EC nSiori f0.864 0707 |13 . |10F 112751225 |136 122 0788 | 0763 098 0952 |0.793 ]0.79%' | 0.766 | 0.767
ptl }..- 076 8.12 161 |78 {162 |747 |753 . |153 806 |84 |762 |78 789 799 1791 1718
Tenp. |°C-: 11 2 17.9 163 166 1156 |149 |155 162 143 . 148 |17 138 |15 - |17 128 {127
[l Jmad - O 0.1 15 - [<01 1<0r |04 [<01  [<01 <01  ]085 |11 04 - |e7s los 075 075
DO g 183 7.7 36 |8 76 |98 7.4 7.53 89 9.6 85 73 83 9.4 5.9 9.7.
Taste | 5 JAce Ao, Ace. |Ace JAce [Acc |Acoc Acc. Acc. Ace. |Ace. A [Ace JAce |Aecc . | Acc
Odoe |07 JACE Acc. Ace. Ao jAce A |Acc I ) Acc. JAc. PAcc Ao JAes  |Acc JAcc
Turb, [NTU 0.2} 0.37 0.31 0.22 j021 1012 022: |02 0.8 026 |022 jOI8 |02 019 ‘]6.17 |03
Colee .7 INo. No Mo No.. |No: tNo No No No. No No No No No No No
TDS Fmgli §5800  |545 . |773.0 "|7347 (8680|8780 £750 8540 15750 |510.0 |685.0 |665.0 | 5453 |549.4 | 5163 [ 5274
Alk. Jnigl. §48 . |61 I54 |58 62 - {56, |58 . {60 60 5. |42 54 |44 51 50 57
TR fmed. [2402  [1913 2933 |4484 |463.5]4605 (4765 {4304 {3624 12242 |2823 |2422 |226.2 |2352 {2402 |236
Cl g - 195 160 2485 |195 24852662 |156.2 2662 - {14 1775|212 2307 |195.2 |177.5 |i95.2 [ 1725
SOy fmaA:-f127 2.93 1281 |1078§9.91 [9.07 1067 {933 12.17 |13.02 |13.87 143 |13.77 | 1333 |95 1067
Nil; Jmzd . f0.0 0.0 0.0 00 0.0 00 o0 0.0 00 0.0 0.0 00 0.0 00 |00 0.0 -
Fe gl - 0.0 0.005 0007 |00 |00 0.0 0.0 0.0 (L] 0.0 09 100 |00 0.0 0.0 0.0
M mgl  §9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
NG, gl froz? 14 183 [704 |17.2 Ji76 |168 {187 15.9 74 2.5 102 |68 9.2 104 |83
RO, [mpl: 00O 0.0 0.0 00 |00 0.0 0.0 0.0 00 0.0 00 0.0 0.0 00 0.0 0.0
TBC [Cells §30 i8 180 300 4400 |50 640 3 1640 3 as¢ |100 |0 1 {0 0
porml ;
TFC | MPH [0 0 ¢ 0 0 0 0 [ O [ 0 0 0 Q0 0 0
Table 11: Reservoirs
Tedt Zaqa S | Balrawi | Awsjm | Khaw
EC 0.613 0764 . | 0841 0.928
pi s 7.76 751 | 7.75 7.78
Teayp. L 255 246 24.9 19.9
Cl, g . - p13 L5 1.2 1.55
DO mgl . 63 7 8.1 g1
| Tagte - KA Ace. Ao, Ace
| Odex . Aoc. At Acc. Ace.
Turb. Niy 028 0.23 0.18 018
Color R No No HNo No _
DS fmgd 678 5254 | 8050} 6690
NE fmgd 52 50 56 147
TH. mg{l 459.2 2102 3113 3123
Cl | ;g ) 356 1715 142 2485
§0, gl 896 11.42 1024 11.95
NI, ] wgl_. 0.0 00 |00 00
Fe g/ 0.1 008 00 0.0
Ma gl [ 0.003 0.0 0.0
NO; | ma 84 10.5 45.4 21
NO, omph 08 0.0 00 - 0.0
! TBC Cellsparad O 29 0 1]
TFC MPN .~ )0 0 0 0




" Table 12: Boosters and pitmping stotions

Zarqa |Rusaifs [Rusaifa [Murhib [Khaw

Zotari

ZAari

{- 44

et [ust ¥Zarqa  |Zarqa {Zarga _ Hallabat

il |le {(outet |(Outlet [Booster [Booster [(Outla)|(nput {(Enput |(Oulat) ((Outlet)|(nlet) | [(Outlat) |y  [(Outlet)

om - (from  Jto to S "18t from  {from - : .

Hashmie) |[Kbaw) [Zargs) [Rusaifa)j(Outiet) [(Outlc) Aaq) {Zalariy | . . e
EC  Mmvam] 0745 1 0588 ] 0659 | 066 | 0977 [053 067805751 0di [ 0796 Josm2 | .455 | 374 | 063 0.54
1 | 78 79 1 78 | 789 | 701 [743 | 75 | 809 J 768 | 723 § si8 | 735 | 788 | 814 821
frenp. f'C 24 208 1 240 | 24 | 211 |5 | w4 | 255 1278 | 234 {192 | 189 | G2 188 §{ 19
ClL, Mmgn | <01 | 12 { 05 | 05 1.5 (15 15 [ 355 116 | 138 { 13 [ <o <ol | <01 | 16
Do ol | 65 | 65 } 64 ) 65 | 42 (63 | 61 | 73 | s7 85 | 83.] .87 | 83 57 68
Tase’ _ Ace” | Acc. ] Acc. | Ace | Ace JAoo. : {Ace | Acc | Ace. | Acco | Ace | NA | RA Aco. | A
Odot Acc. |- Ase i) Ace | Ace i Ace. JAce ;i [rAcc. | Ao | Ao | A | Acc | NA] HA | Acw Ace,
Twt, INTU " 021 | 020 | 038 | 038 | 024 [022 - | oM | o= 019 | 024 | 017 ) 046 | 044 | 035 | o2

Joe L No. |- No§ No- No No [No | Mo Ne -No No - No No No " No' No
(DS~ fmgA | 5048 | 4043 § 4600 | 4600 | 952.0 |760 . | 510 | 3554 1 4200 | 525 | 420 -|3013.0 | 4130] 4310 | 3700
Ak fmgd | 54 | 48 } 56 | 56 | 60 |58 65 | 48 | 52 so- sz | 33 | 32 520 1 a5 |
.0 fmgd | 1782 11260 § 1442 | 1442 | 3564 |3063 | 2883 | 1001 ¢t 217 | 2703 | 1802 | 1263 | 12425 | 2323 | 2242
Ci Bngh [ 1775 | 128 [ 024 | 124 | 195 Jio65 [Mo6s| 142 § 123 | 1952 | 142 | 956 | 7387 | 124 | 887
S0, fmgd [ 1107 § 9.18 {1249 | 1249 | 631 [568 | 694 [1004 {1644 ] 1185 [ 1195 | 3533 | 2252 | 832 | Gos
N1, Bigl 00 {00 J 00 | 00 ] 00 06 |06 | 00.} 06 | 00 |06 | o0 00 [ o0 00
Fe [mat | 01 § 00 1 01-] ol 00 |00 00 | 007 1 00 | 00 - 00 { 01 |00 00 | 00
M [wpd | 00 00 § 00 | 00 [ o0 jog | od [Too i 0o ] 00 |"00 | 00 | 6oz | oo 2.0,
NO, fegd | 67 [ 89 § (25 ['125 | 55 01 23| 42 1759 | 68 |"77 | 383 | €03 | 69 8s.
N0 gl [ 00 { o0 | 00 | o0 | 00 Joo | oo ].00:f oo | 00 [ 60 | 00 (Y] 0.0 0.0
rBC  fCells o [ 9o 128 0 18 18 - | 10 o 1 ) 90 160 10 30 0
or el . : : :
1FC__ IMPN 9 .| o 60 | o 00 0 0 s 0 o | o 0 0 0
Special tests and experiments

Toble 13: Langelier Saturation Index Resnils
Lo Site Langelies Saturation Indox |- .. - i Comments -0 oo 0]
Al-Azraq Station (Outlet) : -1.23 ~|Tendency to dissolve CaCQ: { Corrosive )
Khaw St. (Input from Zatari) -0.83 - [Tendency to dissolve CaCO; ( Corrosive )
Al-Zarqa Station (Outlet lo Zarga) - -1.18 Tendency to dissolve CaCQ; ( Corrosive )
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Third Campaign Water Quality Analysis Results

e Water samples collected during the petiod (21-6-19935 & 29-6-1995)

General ltems
Tabde 14: House Taps
Tet JUuit - [Sukhos | Hashmie | Awajan | Sh. & sh Rusaifa | Rusaifa | Rusaifs | Zarqa | Zaiqa [Zarga [Zarqa [New |New  [New
| Canp | Tap | Canp |T° 11 nr. 1 I I IV - |Zarqa }Z2rqa |Zarqa
. . : ; L H.. I : . . | S L. S 1L
EC mSm] {350 1575 | 1695 | 1418 | 1453 | 14350 | 1305 1525 1418 523 | 1343 | 1345 | 1330 | 135t { 1370 | 1381
Fil sl 138 734 709 | 7.1 | 716 | 736 18 707 736 st 1737 | 73 |723 | 22 {142 ) 13
Tewp. }°C.: 3% M8 338 [ 2145 | 36| 278 | 273 251 273 [ 2881293 | 348 | 303 | 315 § 338 | 78S
Cly o/l 05 02 1.4 13 1.4 1.1 Q.15 1.4 03 | 025 15 | 015 1.4 i1 0.3 1.6
BO mpd 7.5 5 43 46 43 4.5 43 7.5 55 163 ]| 19 49 (A 84 { 82 74 ]
Tate § .. ') Aw. CAct Ace, | Ace | Acc | Acc Ace Acc | A Ace, | Ace | Ace | Ace | Ace | Ads. | Acc
Odor § o0 0 A | Acc Ace. | Acc. | Ace | Acc Ace, Acc. Acs, Ace. | Ace. | Acc, | Acc | Ao | Acc | Ao
Turh. RRIU. | 035 015 016 | 021 | 02500241 011 027 {-023 | 025] 02 (022 023 | 028 ) 02 | 019
Color f o0 | Acec Ace, Ace. | Acc | Acc | Ace | Ace Ace. | Ace | Ace | A | Ace | Acc | Ace | Ax. | Ac
s m&/L . 810 917 2% 815 | 835 | Bi0 B6O 375 820 555 | 785 8§00 770 | 865 780 875
Ak Bogl - 65 60 . (] 58 |- 60 Y. 50 78 70 - 50 90 57 50 33 &2 55 .58
TH. fmpd 2763 .| 199 3223 |372.4]354313123 | 3063 | 3764 | 3323 | 25222802 {3003 |275.2] 2823 | 3203 | 9923
Cl mgA- | 2353 265 2927 | 241 | 224 12755 | 224 2755 | 2583 | 2583 2583|2583 | 2583 | 258.3 { 2755 ] 2755
SOy fmpd (f. 747 6.5 1707 |92 [ 128 ) 768 | 1334 | 1483 | 928 | 8722 | 2198] 2687 | 2487|1366 ] 3127 | 27121
NIy Roogd - ] .0 1-0 o | ¢ 0 0 0 0 0 0 0 0 0 0 0
Fe mgl 1) 0.003 0 00 | 00 ) 00 0 0 0 00 | 00 | 00 0.0 0.0 0.0
Mn QJaoigh - 0 0 0.0 00 | 00 [) 0.0 0 0.0 0.0 00 | 00 | 00 0.0 0.0 0.0
ROy, Jmgl "§ 695 221 54.2 7 .| 6521 6938 6 7.02 7 6771 691 |1 687 | 659 | 651 7.1 693__
NOg fmpl "§ © 0 ¢ 0 0 0 1] 0 0 0 [ ] 0 _ 0. 0 0
TBC ||Cells § © 0 18 0 1] /] 36 15 3 0 1) 0 ¢ o} ] 0.
pér mi ' '
TFC | MPN 0 0 0 0.1 0. 0 1] 25 80 0 ¢ 0 0 0 0 0
Table 15: Reservoirs
[Tet JUnt 0.0 50§ Zarga St | Batrawi | Awajen | Khew
EC m¥en -k - 1370 . 1392 815 1184
pH N 737 7.25 791 1.36
Teap. §*°C - 281 . 186 211 178
Ch g/l 14 1.1 14 12
DO migh 86 6 33 87
Tasde At Acc. Acc. Acs,
Odor s Acs. Acc. Ace. Acc.
Tusb. NIU . 02 02 Q.22 0.24
Coloe - Acc. Acc. Ace. Acc.
| DS mgh R3320 7500 465.0 698.0
Alk, mgh 78 60 &0 0
.1 wgd 2%1.2 307.2 351 3012
<l m [ 206.5 275.5 120.5 2139
S0, maAl 9.8 C 32 - 264 274
NIt 1 ) 0 0 0
Fe gl oo 0.0 . 0.0 0.0 0.0
Ma mgl - 0.0 0.0 0.0 00
NO, gD 221 835 7.8 | 1o
NO, wmpf i 5 0 ) 0 0
T8C Cellspetml - 0 0 Q 0
TIC MPN - 0 . 0 Q o |
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Table 16: Roosters and pursping statioss

Ted [Und fZargs  [Zarqa {Zarqa [Zarqa  [Rusaifa [Rusaifa [Murhib [Khaw {Khaw |Hallabat [Azaq |[Khaldish{Khaldish|Zatari = [Zatari
: @ ool (0wl [(Outlet [Booster - | Booeter [(Cutla){(foput [(input {Cutlt) [{Outla) [(inlet)  [(Outla) (nlct)  [(Owtlik}
roat from. |to to "4 "18° from  |from
] JHadmie) [Khaw) [Zarqa) |Rusaifa)iOvate) [(Outle)] Amaq) [Zedari) L - . .
IEC. fnShml 1296 | 1103 | 1358 | 1358 | 1256 | 959 | 821 | 1697 [ 1817 €50 . | 698 | 485 | 425 [ 618 [ €3S
[t 759 | 799 | 734 | 734 | 70 | 736 | 7se | 788 | 733 | 776 | 797 | 752 | 759 | 7806 [ 771
Terp. fC 773 | 234 1 276 | 276 | 215 | 23 | 267 | 299 | 306 {242 § 281 | 272 | 276 | 323 | ¥s6
Cl.  fmgl | 06 11 14 1.4 0 13 |15 1135 | 12 1.5 16 o "o |[TTo T2
DO g 78 | 79 { 78 | 78 i sg | 64 |81 | 73 89 | 61 18 |36 |65 | 8
Tade Acc. . | Aocc | Ace | Aco. | Aco | Acs | Acc. T Acc | Aco i Acc. | Ao | Acc Acc. Acc. || Ace
Odor . Acc. Ao, 1 Ace | Ao Acc. Acc | Acc | Ao | Aot f Ace. | Aco Aco. Ace. Acc, - Ace,
Twh, pniu | 023 02 1on | okl | o2 | oig | oio [o22 |o2sl 023 J o | 045 |- 036 | 622 | o2
Coloc | Aot | Aoce. [ Acc | Ace | Acc. | Ace | Ace | Ace. | Aco | Ace f Ace | Ace | Ace | Ace | A
DS fgh | 700 | 635 [~ %35 | 830 | 973 | sa1 | 514 | 440 | 27 1 525 § 410 | 3160 | 2680 | 335 415
Ak, [ 80 EE 75 85 90 | 76 | 53 50 65 60 50 48 | 8 [ 70
[P 1. flmgd § 2600 | 281.1 1 2851 | 3013 | 249 | 2671 | 249 | 1311 | 132§ 1767 ) 1104 { 1396 | ‘1550 | 1204 [ 1325
1 fogt | 1728 | 2900 § 4755 | 2755 |- 1539 | 1205 [ 1033 f i03.7 | 316 | 1722 ) 3090 f 10340 | 7728 1205 | 206.6
S0, . [eng] 115 | 59 F1003 | 96 1819 | 1161 | 27 {207 | 28 {213 ) 328 | 42 | 33 52 {7332
NIl fmedl 0 0 0 0 ¢ .o | o1 . 6 o 7T .¢e 1T o190 0 o .| 0
Fe _ fimg 0.0, gt 101 | o1 ] o |.00 ] 00 o [ o1 160 t 00 [ 00 0.1 01§ 00
Ma  fmgl 0.0 60 | 00 | 00 | 00 |00 | oo Jood| 0o | 06 |00 ["00 | 00 | 00 | 00
NO;_ fog/l g2 g22 | 826 [ 83 | 3 | 13 15 | 77 [ 334 ] 50 s 1867 | 869 | 792 | 782
NO;  fimpd 0.0 0 0 0 o | o ) o | o 0 0o {0 ] o 0 0
1BC fCells 0.0 0 0 o |- 4 | 4 3.1 0 ) 0 0 4 0 31 )
| or ml . ) .
if¢ vp | 00 0 0 0 0 0 0 0 0 0 0 0 0 . 25_ 0
Special tests and experiments
Table 17: Langelier Saturation Index Resolts
. Site - *| Langelier Safuration Index | © - Comiments -
Al-Azraq Station (Qutlaet) -0.64 Tendency to dissolve CaCO, ( Corrosive )
Khaw St. {Input fronh Zatari) 0.01 Noble _
-0.88 Tendency to dissolve CaCO, ( Corrosive )

Al-Zarqa Station (Outlet to Zarqa)

Table 18: Aeration Experiment Results

Chlorine Stability Experiments Results

Table 19: Chlorine stability with storage titie

Time (nin) § Zarqga | Russaifa | Hashmieh
L 1.4 1.5 0.9
5 1.32 1.4 0,85
10 13 1.42 ‘03
20 129 1.4 0.7
30 1.29] 14 0.7
60 1.29 1.42 0.75
120 1.26 1.35 0.6
240 1.2} 1.3 0.6
360 1.1 1.22 0.6
720 1 1.1 0.45
1200 - 0.9 1 0.35
2160 03 0.9 0.32
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Table 20: Chlorine stability with transpotiation disfance

Site - | Distance Pront Zafga Station (km)§ Chlorine Cone. (mg/l)
Point 1 0 : . 1.6
Point 2 3.5 1.5
Point 3 105 13
Point 4 1.8 1.2
TaMle 2:1.' Lime Soda Dosagg Experivient
 [Hardnass After Experiment 940
Hardnéss Before Experiment | * 1080
Percentage Reduction 14.894%
Toble 22: Fluoride Test Results
... 8ite. ... . | Fluoride Concentration (mg/l)
:Zarga Station (Outlet to Zarga) A
_Permissible Standard 1.0
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Fourth Campaign Water Quality Analysis Resulits
o Water samples collected during the period ( 2-8-1995 & 9-8-1995)

Generél

ftems

Table 23: Ho#se_ Faps

Awajan |Sh.

Zarqa

.New_

Ted - fihit o [Suktma [Hashmie 3 . [Rusaifa [Rusaifa [Rusaifa |Zarqa [Zarqd w - [New [New
G - : Corip |Canp |Canp |1 I . i [ n-un o |V Zarqal|Zarga (Zarga
EC mSfe 11398 -998 1540 1233 {1207 | 1529 | 1524 1184° {1537 1384 | 1396 11385 | 1382 | 1343|1423 | 1530
pH A 7.82 204 |77 |19 692 |17 703 1103 732|716 1718 1723 | 803 (|729 |7.35
Tenp [°C - |31 30 254 305 |305 |245 |27 293 263 286 1223 [312 292 |285 |3i1 [31
Ch mﬂ'i 0 13 13 1.2 1.1 1 14 |0 1.2 13 1 09 |14 |oe6 1.1 13
DO fmpd g5t 87 57 85 |&1 5.1 52 64 64 317 72 |67 72 |7y 32 . |86
Tade s Acs. Acc, Ace. JAx [Acs |Acw A Ace. JAeo. |Ace JAce jAcc |Aos A JAc |Acc
Odr [ JAe Acc. Acc Acc. |Ace JAce |Acd Acc. Aco - lAcs JAce JAce JAce JAcc A JAce
Twb. ANTU J0.18 23 Q.19 025 |018 |0.18 |o.18 0.28 017 018 018 |0.19 021 017 016 |0.18
Color | . §Acc Acc. Acc. tAcc |Ace |Acc |Ace Acs Aco” |Ace. [Ace Ao |Awe JAo A {Acc
DS Jmph 12700 11240 | 1156.0{7400]719.0]855.0 (9400 [R50 [990.0 |815.0|780.0|845.0 | 770.0 | 9300 | 8050 ] 92400
Alk. fmgt plo 27 28 70 6 25 35 90 25 23 15 8 18 23 18 18
T.H. fmgh [5125 1297 &50.8 346 | 500514404 | 6006 [441 6403 4885|424 481 4205714217 |500 {540
Ci m’g)’l_‘ 35711 2312 3086 1274 171 (1878|274 281 2014 274721204 |274 282 2571 |291.4 (3356
50, fmpl . f195 |59 [ 11.6 |4 13414 16.5 16.7 14 1392 |2 |344 | 124 |8 . 17.4
NH, Jmgl - {00 00 ¢ 00 |o¢ {00 0.0 0.0 0.0 0.0 00 |00 0.0 00 |00 0.0
Fe fJmgd. §0 0.3 0 100 . jo 0 00 100 |0 Y 00 |00 0.6 3.0 0.0 0.0
Mn g J O 0 Q.0 00 jo - |0O 00 {00 0.0 00 oo oo 0.0 0.0 0.0 00
NO, mg/!: 24 164 ° |61.4 M 36 136 34 1356 33 22 39 - |208 |22 22 206 |28
NO, gropd 300 . 0O 00 00 {00 100 o 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0
TRC §Celis §3630: {0 1] 20 {6 |0 0 3800 |6 0 ¢ 10 0 13 7 I3 o |
petr l : ‘
TrC RMPN B0 0 L 80 0 0 0 33 2 0 ¢ 0 0 0 0 0
Table 24: Reservoirs
Tet Uil Zarga &L Batrawi | Awajan Khaw
Y mSlom 1342 1327 510 1136
jui . 7.2} 7.21 7.85 .16
Tenyp.” | °C 281 9.2 272 267
[& wal 1.5 0.5 1.5 16
Do gl 7.1 63 85s 83
Tade . Ao Ao Ao Aco.
Ol L Acc. A, . Acc. Ace.
Tursb.-- | NTU 018 0.25 017 0.17
(g Colec | - Aco. Acc. | Ao Acc,
3 TD mp/l B19.0 720.0 700.0 745.0
Adk. mgh L if 48 5 &0 20
TIL meA - i} 386 418 . 385 480 -
Cl maf 2492 27423 205.67 205.67
S0, mgf 14.4 2.0 12.8 14.94
Nii, mg/i 0.0 00 00 00
fe mgh 00 00 00 00
Mn mg 00 00 00 00
NO, mgl - 204 34 30 35
NO« ] wph 0.0 [0 0.0 0.0
8C Cellsprml . | O 0 0 Q
1r¢ MEN: 0 0 0 0



Table 25: Boosiers and pumping smtrom

Test mmt Zarqa Z.arqa Zesqa JZarqa |Rusai!'a Rusaifa Mmmlam fiaw [Hallabat|Arraq - Tkbaldiah [haldich {Zateri [Zatari
Ilt Kol [Outle JOuTat [Booster {Booster KOutlati(lpit J(Input (0wl J(Owled) J(Intt)  Outlt) |(Inlet) KOulat
Tom from . ko o "4" "18" from  Jfrom
3 Tashmic)|Kbaw) [Zarqa) [Rusaifa)(Oullet) [(Outlat) Aziaq) [Zatan) )
G BnSan] 1570 ] 915 [ 1306 [ 1306 [ 1668 | 860 | 825 | 692 | ma20] 840 | 702 [ 4140 | 3630 | 589 | 608
11 _ 728 | 788 | 725 | 735 | ro1 | 72 |7y | 1eo [ 762§ 768 | 217 ) (758 .| 764 | 807 | 779
Teip. 'C 263 | w2 | 276 | 276 | 23 ) 277 |26y | 3ut | 3081 351 | 285 | 284 283 | 324 | 315
‘&L BneA § 025 | 12 | 14 |14 ] 1. JoB | 15] 14 | 2 14 1.6 — ~ — |36
o si1- | 19 | 76 |76 | 621 7 | s9:].79 | 82 ] 88 | 78 82 . | .75 |68 | 67
' ﬁ‘aﬂe - Acc, | Awe. | Ace. | Ace | Ace. [ Ace [ Ace | Ace |Aca | Ace | Acc | Acc Acc. | Acc | Acc |
Ace. | Aco. | Acc. | Acc. | Acc. |:Acc | Ace | Aot | Acc | Acc Ao Ace. Ao Ao, | Acc
frwt. WU B 017 1025 (023 | 02 § 021 |oz22 |o1s {015 | 018 | 02 | 014 03 019 | 018 | 015
Ace. | Ace | Ace. | Acc ] Acc. | Acc. | Aco | Ace, | Ao | Aecc | Acc Ace. Ao, | Ao | Ace
mg'l 5100 | 5800 | 500.0 [ 7550 | 941.0 | 549.0 | 509.0 | 400.0 | 900.0 | 5400 ] 4350 1 32200 | 2965 |389.0| 4000
gl J €0 50 | 58 |-s0 s1_ |6l | 42 | 24 | 45 19 24 20 20 28 |25
Bopl | 470 | 2852 4016 |35035| 600 4103 334 issi| 544 [ 2801 | 1721 | 1681 | 1749.7 |2002 |240.24
ogt | 2743 | 2057 [ 2742 | 2339 | 3085 | 137.1 fro287| 1714 240 [ 1543 | 120 | m141 | so16 [ro28) 1028
g § 552 | 618 [17.07 | 1601 | 1331|3387 967 [ 426 | 192 | 608 | 1387 | 591 | 1654 | 46 | -37
g 00 | 00 {00 | oo | oo ] oo | 6o | oo ] oc]| 00.] 00 00 | 00 |00 | 00
el | 00 ["00 J 00| 00 0 oo oo o oo ] 00 ] 00 00 00 | 00 | ¢co
ingt/l 00 |. 0o t 00 | 00 | 00 |0 oo | ¢ |oo ] o0 | 00 | 00 00 | 00 | oo
oA | 340 (259 {346 | 334 | 483 | 24 [ 144 ] 18 | 34 | 103 | 27 38 39 | 258 276
Higd | 00 |66 ool 00 | oo Joo] oo | oo o] oo-1 oo 00 | 00 | 00| 00
e 0 30 0 6 0 ) 0 ] 7 ) 0 10 0 20 | 8
e ml .
[FC_ [[MPN 0 0 8 0 0 o | o 0 0 0 0 3 0 s |0
Special tests and experiments
Table 26: Lengelier Saturation Index Results
s oo Site Langelier Satuiation Index SR . Commenis
Al- Azraq Stauon {Outlet) -0.52 Tendency to dJssolve CaCOs ( Corroswe )
Khaw S1. (nput from Zatari) -0.42 Tendency o dissolve CaCO; ( Corrosive )
Al-Zarga Station (Outlel to Zarga) -0.52 Tendzncy (o dissolve CaCO; ( Corrosive )
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First _campaign charté

Figure I: House taps TDS values representation
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¢ Figure 2: House faps Totol Hordress values representation
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Figure 3: Hoise taps Chloride ion concentration valies representation

Chioride values of the collected nater samples from the house taps - First sampling set
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Figure. oA: TDS values represm(an"on
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Figure 5: Reservoirs Totol Ilardness values representation
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f‘igufe 7: Boosters and Pumping Si 1ations TDS values representation

TDS { ppm )
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Figure 9: Boosters and Puniping Stations Chloride ion concentration valies representation

Chloride valaes of the collected water samples from the pumping stations - First sampling sei
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Figure 11: Chlorine stability vs. Distance curve fitting
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Se'c{')nd:campaign charts

Figure 12: House faps TDS values representation

TDS volues of the collected waler samples from the house taps - Second somipling set I
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Figure 13: House taps Total Hardness values representafion
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Figitre 14: House taps Ch loride iont concentration values representition

Chioride values of the collected vater samples from the house taps - Second sampling set
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Kigure 13: Reserveoirs TDS values representation
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Figure 16 Reservoirs Total Hardness values representation
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Figure }7: Reservoirs Chioride ion concentration valués represenfotion
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Figure 18: Boosters and pumping stotions TDS values representation
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Figure 19: Boosters and pumping stations Total flardness values representation
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 Figute 20: Boosters and pumping stations Chloride ion concentrotion valies representation
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30

150

Sandard: 300 mpA
200 e mm e e e s e

100 |-

Chioride Concentration { me )
3

Y

Zarga St. (Inlet
from Hashmeah)
Zarqa St. (Inlet
from Khaw)
Zarqa St (Owtlet
to Zarga)
Zarqa St (Crtlet -
o Rusaifa)
Russaifah Booster
4" (Outlet)
Russaifah Booster
1% (Oudet)
Acraq St. (Outlet)
Zatari St. (Inler)

Zatari S, (Qutlet)

I-60



Third campaign charts

Figure 21: House taps TDS values representation
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1000.9 - s st e

£00.0 © Sandard: 5C0 ppm

- 8000
7000
£00.0

. 500.0

TDS (ppm )

100.0 {

300.0
200.0

100.0

0.0

al

Awgjan

Russaifah I
Fussaifah I .

Russaigah [T
Zarqal_

Zarqa T

Erqa m

Zarqa IV

New 7
- NewZarqgall [

Sheeller Camp I
Shoeller Camp T
Shnveller Camp I
NewZarqaIT |
Average

lacatlon

Figure 23: House faps Total Hardncss values representation

Total Hardness valves of the coliected water samples from the house taps - Third sampling sct l
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Figure 23: House taps Ch toride lon concentration valires representation
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Figure 24: Reservoirs TDS values representation
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Figure 25: Reservolrs Total Hardness values representation
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Figure 26: Reservoirs Chloride ion concentration values representotion
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Figure 27: Boosters aivd Puniping Stations TDS valites representotion
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Figute 28: Boosters and Pumping Stotions Tofal Hardness values representation
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Figure 19; Boosters and Pumping Stations Chloride ion concentration values representaiion

1Cﬁ!oﬂde values of the collected water samples fromthe pumping stutions < Third sampling set l
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Figure 31: Chlorine stability vs. Distonce curve fifting
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Fouﬁh'campaign charts

Figure 32: Honse taps TDS values représentation
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Figure 33: House taps Total Hardness values representation
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Figure 34: House taps Chloride ion concentration values representation

Chloride values of the collected water samples from ke howrse taps - Forth sampling set
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Figure 36: Reservoirs Tetol Hardness valies representation
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Figure 37: Reservoirs Chloride ion concenitration values representation
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Figure 38: Boosters and pnmﬂng stafions TDS values representation
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1. POPULATION PROJEGTION

Populatio’h projection in the Study Area is made on the basis of the analysis on the historical
trend and future development potential in the following manner,

1.1 Frame of Total Population Growth

The population of the Study Area increased at 3.9% p.a. during the period of 1979 - 1994, The
population increase includes the corisiderable number of _remmecs:from the Gulf countries,
which is approximately estimated at around 60,000. Excluding this factor, natural population

g_rO\vlh is estimated at 3.1% during this period.

* Another indicative figure for future population projection of total populatioh frame would be the

plannéd population growth rate set up in "Economic and Social Developient Plan of Jordan,
1993 - 1997. The projected figure is 3.2% p.a. during the plan period. |

Based on these figures, total population growth of the Study Area is estimated, which will be
used as the total population frame in the whole Study Area to be projected.

Period- “Frame of Total Popuiatiau Growth
_ In The Study Area
1995 2000 ' 13% pa
2000 - 2005 2.8% p.a.
2005 - 2015  2.4% pa.

During 1995 - 2000, a litile bit higher rate than the past teend is applied in due consideration of
the socio - economic effect of the Peace Treaty. But, the high growth rate will go down after the
year of 2000 as the household income increase and the living standard improve.

1,2 Population Projection for Sub - Areas

The population census conducted in 1994 contains the population data for 67 sub - areas in the
Study Area. Based on the data population densities for the sub - areas are calculated and the sub

- arcas are grouped into G1, G2, G3 and G4 according 16 the densities as presented in Fig.-J.1.
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Future populaiion increase for each group is estimated in due consideration of the pn,se’nt
population density and future potential developmcnt in the Study Area wuhm the pro;ccted to!ai '
population frame,

By applying the different growth rates, population of each sub-area is estimated as presented in -
Table J.1. (population distribution in ¢ach sub-arca is summarized in Fig. J.2).- Projected
population in each municipality and in the Study Area will be 644,800 in 2000, 739,300 in
2005 and 938,500 in 2015 as presented below.

Projected Population in the Study Area

Marleipeily :994 1994 - 2000‘ 2000 2000 - 2005 2005 2005 - 2015 2015

'\ AR : A )g RS .- bt Akt a o ..7.7.<,
3.2% 644 800 2.8% 739,300
Source: JICA Study Team '

2. WATER DEMAND FORECAST
2.1 Methodology

- Water consumption records of WAJ contain some incomplete data, caused from insufficiency of .

" flow measuring instruments and slightly obsolete data-compilation practiced in WAJ Zarqa.
Furthermore, the data do not necessarily reflect real water demand by consumers because of
rationing.

As regards domestic water use, it is’ conmdered appropriate to set up goals of per capita water
" demand for the target year of 2015 based on available data and interpolate for the intermediate
L years, rather than applying historical trend of the unit water consumption for extrapolation. To
“this end, attention was paid to water consumption by customers in Zarga municipa]ily'_ who
currently enjoy the continuous water supply. Indepth analysis of WAIJ waterbonsﬁmti,oﬁ data
revealed the average per capita consumption during summer season ranges between 75 and 80
Iped. In winter season, this value drops to 70 Iped. In consideration of the future change in
living standard, a way of life, and the decreasc of household size, another 10 15 lpcd was

5.2
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_Fu.uu'c population increase for each grop is estinated in due consideration of the present
population density and fulurc'p(i!eﬁnnl dcvelop'mcnl in the Study Arc‘a within the projected total
population f rame. - _

By applying the different growth rates, population of cach sub-arca is estimated as presented in
Table J.1. (population distribution in ecach sub-area is summarized in Fig. J.2). Projected
population in each municipality and in the Study Aréa will be 644,800 in 2000, 739,300 in
2005 and 938,500 i 2015 as presented below.

Projecled Population in the Study Area

Maricipsli™ 994 1994 - 2000 . 2000 2000 - 2005 2005 2005 - 2015 201%

g o0 3445241 1 28% 0 406,600
: o LN
ety 130%
'R::usaifa 7 .13lr,i;1’0" '
Schenuller:: 136,218,
“Potal 534,674

195,200
4% 7,900
614800 28% 739,100

Source: JICA Study Team

2. WATER DEMAND FORECAST

2.1 Methodology

Water consumption records of WAJ contain some incomplete data; caused from insufficiency of
flow measwring instruments and slightly obsolete data-compilation practiced in WAJ Zarqa.
Furthermore, the data do not necessarily reflect real water demand by consumers because of

rationing.

- Asregards domestic water use, it is considered appropriate to set up goals of per capita water
demand for the target year of 2015 based on available data and interpoelate for the intermediate
years, rather than applying historical trend of the unit water consumption for extrapolation. To
this end, attention was {mid o waler consumption by customers in Zarga nmunicipality who
currently enjoy the continuous water supply.  Indepil analysis of WAJ waler constmtion data
revealed the average per capita consumiption during sunmer season ranges between 75 and 80
Iped. In winter season, this value drops to 70 Iped. In consideration of the future change in

living standard, a way of life, and the decrease of household size, another 10 -15 Iped was
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added to the unit consumption in summer season, finally obtaining 90 Ipcd (domestic water
démiand on accounted-for water basis) as the target value for 2015, To obtain 10 - 15 Iped
“water use¢ increments, following assumption was made; '

1} Average houschold size will decrease to 6 - 8 members per houschold which is
equivalent to 2 -3 Ipcd increase inunit water consumption,

2) Conventional poui’-ﬂush-toilei will b¢ dominantly used by the reseidents even if
sewerage service coverage ratio increases,

3) Customers behaviour for launderihg, washing and bathing will not change significantly

in frequency from the present, and

4) Water use appliances such as washing machines will be disseminated as the standard of
living risés in future, which is eugivalent to 13 Iped increase. (= 200 litter/ 2 days/
7persons)

Other water use categories including industry and governmental institutions consume only few
percentage amount of water. The factory survey conducted by the Team also suggests that large

‘g scale factories located in the service area tend to rely on their private wells also for the future.
On the other hand, midium and small scale factories who cannot'afford to construct private
wells, are depending on the WAJ water or water tanker. Therefore, it is supposed that the
present water consumption of these categories will increase gradually: with similar growth rates
of the municipalities (population growth rate). Water consmﬁplion increments confirmed duri ng
the factory survey are then added 1o the above. Table ~3.2 provides information on present and
future water consuniption by factories. ' .

In estimating daily maximum water demand, a peak factor (Daily maximunyDaily average =
1.20), due 1o the seasonal and daily fluctuation was employed. '

Fig.- 13 illustrates a flow chart applied for the water demand forecast. As discussed in the '
eg preceding paragraphs, wa('cr'(lcmand forecast was made for two major water use categories, ie.,
domestic and others.

2.2 Results of Forecast

Table - J2 presents results of water demand forecast for 2000, 2005, 2010 and 2015. The
present demand is 97 mid while the supply is 70 mld. Water demand will increase significantly

J-3
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from 97 mid in 1994 to 145 mid in 2015, This inciease stemmed from population growth ‘and,

improvement of the living standard might be slightly towwer than the expected. In terms of water

supply planning, the forecast was considered as positive and appropriate

It should be, however, noted that the above forecast dose not reflect any future change in

regulatory measures to be probably undertaken by the govemiment particularly concerning the

industrial water usage. It simply supposes the present water consumption pattern will continue
as well, Therefore, the above forecast should be rev:ewcd if the circumstances be
fundanientally changed.

2.3  WATER BALANCE

Water sources avallable within the study area are in sho;tagc éven at present, If any appropnatc
measures for new water resource development are not advanced by the agencies concemed the
water shortage in (he area would become more serious than ever,

Relevant to the water shorlage problem i the area, WAJ .confirm'ed. expressing its prépafedhé&s
in the meeting held on 15, June 1995 that any balance resulted from the above water demand
forecast would be regulated by new waler sources developed under the ongoing wé_ite'r resovrce
development projects in Jordan. They are Disi Project, Brackish Water Development Projecl,
Yamouk River Projecl, etc.

j:4
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‘Table - J1' PROJECTED POPULATION IN SUB-AREAS

Unit 1994 i) 003 §‘L 2013
T i T80 7598 FALE] I X
N AR 4736 3555 T e
3 2976 3853 CANEEl T TTs.581
A 600 . 3 5T 4,980
5 AT T D | I 1 2
L i L S 6,239
Y 10,173 F310) N = 17,295
N T APk E2IC) I . I A (1
9 AL . 510 ) 7,044
0 2844 N 11 4,165 T 54
11 8242 9,410 10,354 12,701
LA 13,358 13551 LECT 70,588,
BREEE B 5,560 6,508 1516 9,183
BELEE 7,534 09| 19,333 12,509
13 5871 €710 7413 9,057
16 6572 7543 §81% 16,775
LA EXIL L(0F):7] NN LFJ) B 14,554
L 23] I X L 3,729 4SS
LI [ 11 X 61921 1567
) 8,751 3591 11,036 13.486
2i 2055 2,466 7,908 3434
2| 4,656 5316 587 7175
i 6584 (K I i 10,763
24 1576 13.830 16,222 BFINL
25 2431 2,519 3303 4,183
26 4480 5,092 5,525 6873
Ta 3,453 3539 w53 12876
a8 T 3,506 K72 DR -
%9 L] “10.909 N 12,050 4728
10 2,820 3,147 ) 3401 4,506
nol 7,100 7522 3,076 4005
I IO I . X1 I XL
N A7 5,450 [IREL 14,480
L 1,608 9,131 10,391 12,934
i3 ) 17658] 26,161 22,269 7R
36, N 10722 12,764 {4972 19,496
A LY X I . v/ I, A ¥
B ] 6015 ~ 750 “84810 _ 11,472
39 12781 15304 17431 21678
4 17,151 1415 BIM 32,711
I 5984 7471 §36a ii,413
Y T 19035 23,768 288N T T 35,306
4 14808 T 19N 21,103 A,
M _ 74050 F XL KDL} 3831
45 a0 1507 3305 11,468
R 1,354 13477 14,146 17,603
L AT, I WM | I A
I A B 1,352 N 1891
B T ol TS| T AT
50 — 273" aswT T 750 - 3351
51 E 1684 TLETE[ pIEES]
sy S5 I ) I | DO
33 FEARE) I £ X #0203 36491
L YL Y o nan|T 26,005
35 | TmEm| T Aigss R 1| A T 1}
56 11,162 13397 15,750 18,977
200 IR * 1 - I 7/ N 2L 25,318
38 8,175 10,183 152 15,573
L 6618 . 750 -1 XL
) 17 I L Y 1 110, I T !
e | 16,731 13399 15,717 20,486
e | T 0 1300 168D 2,18
TE | ek 17401 20,411 TR
765 RS KL [FAEZ) 14300 1R&72
& | T T TagE - 29695 LX) 45,357
67 3318 U350 25675 35814
Total 334614 £ia844 938,440
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Tahle - J2 PRESLNT WATER CONSUMPT[ON AND WATER DFMAND
lNCRFMENTS BY FACTQRY

No. Name of Faclory - Water Consu mpiion . Add. Demand
“Wells (m¥/day) WA (m¥%day) Tanker (m>/day) _ (m¥/day)
| Jordan Petroleum Co. 6,000 - 0 L
2 Pepsi Cola Co. 3,100 0 0 90
3 Jordan $pinning &Weaving Co. 300 0 0 25
| 4 ICA. Co. - 420-650 0 0 U B §
5 . SubhiJabii Co. o 65 10 Q 0 - g
6 Hussein Thermal Power Station 12,000 - 3,000 0 0 1,000-1680
7 lordan Paper and Cardboard Factories Co 800 -~ 12 "0 0 '
8 - Al-HusseinIron SteelIndustriesCo. ~ - 350~ 20 0 o_.
9 Arab Iron & Steel Industries Co. . l0o-150 4 i) 0
10_- Jordaa Dairy Co, : 150-200 ¢ 10-15 - 0 0
11 Jordan Worsted Mills Co. B 160 - 200 3 - D 0
12 Jordan Tanning Co. ' 200 . 5 0 0
- 13 Sulphochemicals Co. . 150 .0 ) )
sz _ Eagle Distilteries Co. . 130 10 0o [
:15  Jordan Pipes Co. . . 150 - 600 7 O i
16 Tissue Paper Factory - 240 - 350 8 0 100
17 Jordan for Mineral Explorant Co. 40 5 0 7
18 - Yeast Industries Co. . 550 2.3 -0 0
19 Jinkco _ . 25-50 0 1 20
20  ArabBrewery Co. - 80 i 0 0.
‘21 Jordanian Beer Co. 110 2 0 2
22 Jordan Ceramic Co, - - 0 100 0 X
23 Muadhyb Hadad Co, - 23 . kli] 0
24 Dublil Slughter House - 300 - 400 0 0
25  Chemical Factory ' - 0 10 35
26 Iron Steel Manufacture Co, - 0 18 0
21 __ Rookwool Factory : - 15 0 o
28 Wear House Co. - 0 40 0
29 Masoud Dairy . - 20 0 o |
30 Zaidan Factory : - 35 6190 0
31 Al-sanabil Dairy - - 5 0 0 )
32 Alharithi - 27 0 0
33 lordan Polymers & Inter Chemicals Co. B 3 20 0
34 Karegm Tix Center 5 30 0
35 Nora Lux Co. - 10 100 0
36 Sweilem Press : 100 -0 [} )
37 UnitedPactory ' - 5 3-5 0
38' Jordanliles . . 12 8 0 0
39 Al-AgsaPress - - 4 -2 o »‘5;
40  Alguldis Press : - 2 1 0
41 Brilliant Star for Texiile . 20 0 0
42 White Cement Factory _ “300 0. 0 20 .
43 Jordan Food Processing Co. 20 . k! 0 60
Total _ - 15, 552 17,507 394-700 360 - 367 3,270 - 1,950

Source: Quoted from Suppomng Reports D- Pactory Survey, WA Zarqa and JICA Study
Team, Janiuary1995

Notg: 1) Amount of additional or mcmmenla! waler demand by factories for WAJ water
excluding those for groundsvater from their wells,

1.6



“Table - J.3 WATER DEMAND FORECAST
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& Year
1994 2000712005 20107712015
l)Populahon .................. T GATE00 0 300 §32730059ES o
2) Accounted-for-Water  (mday) i 37,400 48,400 59,100 70,7007 84,300
...... (pcd) & A0 T LSO B 20
3) Unaccounled for Water (m3{day) & 43,900 44‘-700 42,800, 39,800; 36,200
| (%) 34% A% A%y 6% 30%
 [9)Average Water Demand (mifday) | BLOOO, | 93,000 {02,000, 111,000 121,000
‘(Ipcd) I5% 144 138 133 129
3y Peak Tactor 120 1368 TANTTTTT 1730 30
.{Daily Max /Daily Ave.) R T N S R
6). Maxmmm Water Demand (m¥Y/day)i  97,000; 112,000, 122,000, 133,000 145,000
...... ) e
7y Anmial Water Demand B LTI ¥ 0 TR s 17 E 4051 442

(MCMfyear)

+ Whole population is assued 1o be served by the water supply system for the planning purpose. The

current service ration is 99 %.



Figures



Poputation Density {person/ha}

700

&

g

&

g

8

100

-8

‘Number of Sub-Area
A : . THESTUDY ON : Fig - J1 SR
THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM | 8. -]l ,
_ FOR THE ZARQA DISTRICT POPULATION DENSITY
| JAPAN INTERNATIONAL COOPERATION AGENCY ~ OF SUB-AREAS, 1994 |
o9 @ oo



Legend (Person/ Heclare)
00 <PD .
20_0 <PD <=3’

100 < D <«200

" D<=P.D <10

. - -THESTUDY ON
THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM
FOR THEZARQA PISTRICT

JAPAN INTERNATIONAL COOPhRAT ION AGENCY

Fig-J2

POPULATION DENSITY IN 2015

J- 9



Legend (Person / Heclare)

A< B

200< PB<e30 .
[] ro<ep<an
[[] ocrpe0o

] THE STUDY ON
THEIMPROVEMENT OF THE WATER SUPPLY SYSFEM
FOR THE ZARQA DISTRICT

" JAPAN INTERNATIONAL COOPERATION AGENCY

Fig - J2

POPULATION DENSITY IN 2015 .

I-9




N

Mk e e e e we R Er AR o e Em oEm mm oam e e

Water Demand_Forscast

" Data Colleition and Review {Land use .
1 plan, walee coasumption,
: poputation, e,

© Werer Consumption bﬁ Category, Moathly ]

" Fluctuation

Other Uses Domestic Use

Percapins .
Consemption

Water Consumption

Househotd
: . Survey
I

’

" Negligitle or

b

| Compenents or

‘‘‘‘‘‘ Growih Rate

Target

Fipure ~

Data in Other Citjes,

Counlries

l‘nicrp&hlion

Extrapc—hli.on

Unit Water
Corsumptiont
Population

-

Peak Facloe

Future Water Demand

Source: JICA Study Team

THESTUDYON N ¥ig- 33
- THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM | 118+ _
- FORTHEZARQA DISTRICT Flow Chait for
JAPAN INTERNATIONAL COOPERATION AGENCY = | Water Demand Forecast

J-10




K. HYDRAULIC NETWORK ANALYSIS



Table of Contents

- Backgrdun_d Of the StdY ..ot Ko 1

L1 The SWAY AR it K-1
1.2 Water Supply SYstem .o K2
ODLJEctives OF the STHAY..evereirinriicrnr e s b K-3
Method of Approach and Facilities Used .....ov oo K-4
3.1 General Considerations ... iecoenenammommsomssimm, K-4
3.2 Facilities Used ..o..ovuesmeecreeresnceren s [ K-8
3.2.1 The Software {(WATNET) coovvcmarnininaninnns ekt K-8
. Model Construction A P PRI K9
4.1 Model STatistics .o SN vt o K-10
4.2 Pipe Data........... TR PRN Aevesiessedneraesarean et s e e b E R L K-10
4.3 NOAE DAA 1avrvcvrirveerivrmsmsicrianssmmsinrmmsmesstessiesesersssresiessisnd onsarivans K-10
4.4 RESCIVOITS .ovvreriiirmerinirsrsnimsscinsiisenions ettt TR K-11
4.5 Base Demands .ooovereeerinennnn, e s e a R b et s e Al
Rield Work and CaiDRAtON ..vvuvsessesrscsrrssssressssssrnrrsinireiencrs K11
5.1 Calibration Field Tests ..o TS K-12
52 The Zarqa District 1995 models.........ou.. [OTUPTORTR ROy e K12
Network Performance and Recommended Improvements ..., K-13
6.1 - Design Criteria e ST AUPEIAORPOS K-13
6.2 Demand BSIMALES couiovivvmmwormmmsmsrseesinines rerireestacsasben b entsrnees K-13
6.3 - Present Network Performance... ... FR OO PRPION K-13

6.4 2015 NEt WOTK DESIBN vecoruinvcrsessansisesisssiosssssesssassiussinassssssanee K-15






APPENDIX K  HYDRAULIC NETWORK ANALYSIS
1 Background of the Study

1.1 The Study Area

(1) Boundaries and Administrative Situation
lg Zarqa District is an industrial center located at about 20 km north éast of the Capital Amman
The Zarqa Govemnorate has a populailon of 624, 000 people according to'the 1994 ccnsus while
the population of the study area is 534,674, The study area included in the study were:
- Zarqa City
- Rusaifa City
- Schneller Refugee Camp
Hashemiyah
New Zarqa
Sukhneh
Awajan

The total aréa that was covered in the study is about 238 Sq.km.
“E; (2) Topography : _
The study area can be divided into three topographic zones as follows.
- The Zarga city which includes down town of Zarqa city and the wells and Awajan Area,
the Zarqa Refugee Camp, Hai Ramzi etc,, all area located at the east side of Zarqa River.
- - The Rusaifa Area which covers all of Rﬁsaifa and the Schneller Refugee Camp, this is: |
- characterized big valley su:roundcd by high hills on both sides of thc valley and. leads o | =
the highest point in the study area. - -
- The Hashemiyah and Sukhneh area which are relatively flat and has very little change in
the topography and landscaping of the area.

(3) | Population
The qua District has cxpandcd cons;dcrably during the last 20 years and especmlly in 1992,
@ The main features of the urban development have been the followmg .

Rapid urbanization over the newly developed areas west of the cily centre

- Predominantly high density area, for iower income houscholds and the Refugee Camps in

 thecenterof thecity,:

- Lower density mmdentlal areas, for upper income households, to lhe Wcst and North of the
city. ' -

- Gradnal absorption of the mral area into a contmuos urban area.



1.2 Water Supply System

(1)  Water Resources
The waler resources can be classified into 2 categories corresponding to the successive
dcv'clopmcnt stages.

a. Wells and ‘innngs Inside the Study Area
These wells were the first resources used by Zarqa. chcral wells were 1b'md0ned but the

following wells are still in use.
Hashemiyah I, 2, 3, 5
- Awajan 21, 22, 23
- Zarqal4
- Rusaifa 18
- Bassateen 1, 1A
- Shennuler Camp 1, 2

- Deep Phosphate

b.  Well Fields Out Side the Study Area |
During the last ten years, two major systems have been developed to meet the increase of the

water demand. _
A7raq System, which collects water from three well fields located at:
- Azrag about 80 km East of Zarqa
- Za qltary and Khatdxeh ‘Mafrag Govcrnoratc
- Hallabat
The water is pumped lhrough 2- 400mm dm transmission line from Khaw PS to
Zarqa PS which is the major water works complex of the central distribution
system.
Murhib System, which collects water from one well field located at Murhib the water is
then pumped directly into the Awajan tank though a 300mm dia line.

'- ln 1994 the total production has been 27 7 Million cublc meter with the following brml\down

Local wells and springs 7.0 MCM (25% of total)
Azraq System 20.2 MCM . (73% of ;olai)
Murhib System 0.5 MCM ( 2% of tolal)

(2) Distribution Systems

The study area is supplied by three dlSlnbLIllOIl systems.,
a. Zaacily System '

K-2



It covers '_ the Zarqa cily, Ma'soum, Hai Ramzi, Al-Ghouriyelt and the other highly
~ urbanized zones. This system relies upon several water works (reservoirs, pumping
~ slations , wells).

b. Rusaifa System
It covers mainly the southern Zarqa city and Rusaifa cily including the Schneller Refugee

Camp. This system is pressurized by the Zarqa puniping station but it is also supplied by
several wells on the way and is boosted several times in order to reach the high areas.

c. Thc Hashemiyah and §ukhngh Systems :
It covers mainly the Hashenuyah ‘and Sukhneh areas, this system is supphed by the

Khaw Pumping Stdtion then into two small pumps at Hashemiyah pump station which
gives water to both areas.

2 Objectives of the Study

System layouts upgrading the existing récords of the water distribution system in the Zarga
District were produced for the network analysis. The project area considered included all the

~ facilities in the water system of the Zarqa District as of March 1995.

'The objectives of the network analysis may be gathered under two logical headings:
- Studies of the present opesating conditions of the water supply system.

- Study of their improvenient.

(1) Study of the present operating conditions of the water supply system,

The analysxs has to be directed towards the following items:

- The pressure, in order to identify the areas where it is abnormally high (lesultmg in
operational problems such as pipe failures) or abnormally low (resullmg in a poor
service),

- The transfer of water from the water works to the various service area and the transfers
between these areas, in order to provide an answer to this important question: " from
where does the water come and where does it go?"

- - The actual puniping conditions, in order to identify:
o The pumps which are unsuited to the hydraulic constraints of the networks.
- 0 The boosters which are possibly useless
- The pumping costs in order to identify the possible savings.

Other objectives of the network analysis are directly related to the UFW and leakage control
component: ' '



2)

Cholce of the pilot areas
Determination of the necessary arrangements in these areas.

Study of the operating conditions improveiment.

After completion of the diagnostic phase, corrective measures have to be studied. “They should

be directed towards the following objectives.

Improvemént of the service quality

Possible reduction of the pressure where 1t is to a high - R _ f
Reduction of the pumping cosls :
Rauonahzatxon of the use of the availablé water

To achieve the above mentioned objectives, a computerized model of the water distiibution

system has to be built and extensively used.

To be fully reliable and representative of the actual water system, this model has to be
calibrated, i.e. it has to be adjusted on the basis of actual field measurements.

A computeiized model of the nctwork can rapidly meet the following targets,

3.1

Improvements of knowledge of the network operating conditions, - .
Definition of immediate operationat improvements %
Rationalization of network operation by identifying the operaling modes that are best

_ suited and the most cconomlca1
: Identification and definition of measires to be taken in the cvenlof operating anomahes
" Improvement in the definition of the points within the network where momtormg is

dcsirabl_e. .

‘Method of Approach and Facilities Used

General Considerations

! : . . AW
Although mathematical models have been used for many years in studies of urban water ,;:.
~ distribution networks (with the first application dating back practically to the introduction of the

- first generation of electronic calculators in the 1960s) it is probably useful to give a brief

sumnary of their basic design so as to make it qmtc clear exactly what is to be expected from

them , and hence what both their limitations and posmb;htles are.

Section 3.2 in this chapter discusses in greater detail the various features of the program used
(WATN ET). A few basic principles must first be given, '
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a.

Reduced to basics, a water fciiét'ribulion ‘network consists of a set of pressurizing works
(ptimpihg stations, reservoirs), which are supplied from production points (springs, wells,
treatinent planis) and a network of water mains of varying diameter designed to convey the
water to the user.

- In order to ensure a reliable supply and to bala_ncé pressure as demand varies, the pipes are
* generally meshed. Flow distribution between the pipes will therefore depend on both the

s

nietwork structure and the demand. Variations may be quite considerable from one situation
to another and, without relying on complex calculations, it quickly becomes difficult to
deteniine this distribution. '

This situation is ‘often made more complicated by the fact that the networks have not

" necessarily been developed very coherently to meet the increase of the demand. ‘This is the

classic example of large cities like the Zarqa District where the built-up area tends to expand
progressively further, gradually encompassing local structures and networks which had
never designed to be integrated eventually into a more general system,

In order to operate these various facilities despite everylhing', the operator therefore generally

“has to adopt temporary, and often precautions, measures. These may involve, in particular,
‘the Use of certain valves in an attempt to balance flow tranisfers. However, in practice, these

measures give rise to considerable complications in general operation of the network,

- making a Si'_mple analysis almost impossible.

While it is true to say that the first applications of computer assisted calculation of looped

networks were strictly limited by the low capacity of the hardware available on the market at

that time, this situation had under gone considerable development in recent years with the -

“advent of mini and then micro computers. For an equivalent cost, the compwtation potential

of these modern machines has increased exponentially and indeed continues to do so. * This
means that calculation programs and associated models which just a few years ago required
heavy hardware facilities, today operate on a very lnght configurations of the personal
computer (PC) type.

. All the looped network flow computation programs currenily available on the market, or at

. least those giving best performance, are built around the same basic principles:-

s~ To determine flow condilions in the network, these- progrém‘s use the Hardy Cross
 Jlerative method, generally in its conventional form with balancing of flow rates in the
‘various loops, and less commonly in its dual form with balancmg of pressures in the



wcmxty of hodes.’ 1t is worth noting ﬂnt the latter method, used by WATNFT gives the
-program certain advantages. These are described later on,

- By convention, the flow outputs simulating consumgtion are allocated to the network

- nodes (i.e the junction points of pipes represented in the model). Certain programs
(including WATNET) provide the possibility of allocating these consumptions to the
pipes themselves (asswming uniform distribution).

- To simulate network operé_lion during a given period (a day for exaniple), the programs,
break down this period into a succession of steady states,  The calculation of these states
is cairied out automatically, taking into account the variations introduced in the network
between the start and end of each elementaty stcady state (changes in reservoirs levcts,
shut-down or start-up of pumps, closing or opening of valvcs)

- They offer the possibility of simul.ating hydraulic operalion of all specialrequfplllellt
usually encountered in a distribution network (pumps, control valves, check valves, etc.)

The mathematical model of a network thus actually consists of the three following components.

1. The computation program which controls inputs and o’ufputs and makes all necessary -

‘calculations for processing and presenting results and also performs data coherency and
conformity tests. |
2. The hydraulic characteristics and topological description of the various comiponent parts of
the network (pipe diameter, length, and roughness, connections between the pipes and their
elevations, volunie, top and low water levels of reservoirs, pump characteristic curves, valve
~ head loss characteristic, etc.). _
+ 3. Operational data relating to the wat:er demand {consumption at the varicus nodes of the
model, modulation during the day) and to the operating conditions considered for meeting
demand, (operation of pumps and valves, initial reservoir levels).

* The results that can be expected from the mathematical model will therefore depend on these
same three conponents:

" 1.°'The computation program gives only a simplified view of the hydraulic phenomena
governing flows in the network. Approxiniations involving allocating the consuniption to

the nodes and assimilating a long period to a succession of steady states are generally

sufficient to obtain a satisfactory approach to real conditions, l!owevcr, it is most important

to remember that these approximations are only hypotheses and that ‘it may therefore be
necessary to call them into question and, in certain cases, modify the miiodel- accordingly.
Moreover, one should also bear in mind that such a program is désigned for the calculation
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of steady pressurized flows. These are the normal operating conditions encountered in a
water network, and the program cannot provide satisfactory résults outside these operaling
cohditions, ' In particular, the results should be treated with caution in cases where free
surface flow conditions may occasionally be encountered (mainly as a result of insufficient

supply).

The validity of the results supplied by the model will also largely depend on the quality of
the data used to describe the network. Data of insufficient reliability, while not necessarily
totally wrong, may dramahcaily modlfy the results obtained.

It is thus essential to give considerable attention to describing actual conditions as faithfully
as possible and always to bear in mind, when interpreting the results, all doubts that may
remain concerning the net work (elevation of structures, connections between pipes, status
of values, etc.).

. Finally, the operating data adopted for the simulation is often one of the points, the most

difficult to evaluate. This data includes, in the first place, the operating rules adopted (pump
working periods, valve opening and closing maneuvers etc.) which are not always very
well known, especially when, as it is the case for the Zarqa networks, the operating wles are
empirical and an occasion circumstantial (valve opening or closing left to the application of
local operators for example), However, the spatiél distribution of the consunplion is after
one of the most delicate points to be determined and ultimately, one involving the greatest

discussion. By its very nature, this consuniption varies with time and in fact depends on a

multitude of factors. The relative impoitance of these factors is generally difficolt to
apprecxale owing to insufficient observation data. Rather than using the “consumption”, the
expression “output flow” should be used. This value includes not only what consumers are
estimated to draw off, nonnally determined from subscribers’ meters, but also all “parasite”
flows (leaks before meters, non metered consumptions, reservoir overflows, etc).

Information on such parasite flows is not generally very accurate or even non existent, Here
again, the results must not be taken of face value and will have to be interpreted in refation to
the most reliable aspects of the available data,

To summarize what has been discussed above, a mathematical model must above all be
considered-as an analytical too}. The considerable advantages that it provides can be broadly
divided into two calegones

- It must be constructed according to & strict set of rules and cannot accept vague
- approximations in the description of system topological features. -Jts construction can thus
be considered as a first step towards a better understanding of the network. Indeed this
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