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Chapter 1 
Introduction 

Jordan IS an arid to semi-and country, w~th a land area of approx~mately 96,000 
km2 The capital, Amman, IS a city of 1 6 million people located in the northwest 
port~on of the country More than 90% of the land area of Jordan recelves less 
than 200 mm of rain per year, and approximately 85% of the total average 
rainfall IS lost to evaporation The remaining port~on recharges groundwater 
and contributes to river and wadi flows 

In many Jordan~an cltles, res~dents recelve water only sporadically The f~gure for 
average domestlc water consumption, under 100 Iiters/cap~ta/ day, IS one of the 
lowest In the world Water scarcity IS exacerbated by rap~d populat~on growth, 
inadequate water management, and inefficient use The most feaslble opt~ons 
for reducing the gap between water demand and supply are Improved 
management of existing water resources, treatment of wastewater for reuse, and 
rehab~l~tation of ex~st~ng water sources 

Th~s project will conslst of the ~nstallation of package treatment plants at four 
contaminated sprlngs and prov~de a design for a new water source being 
developed by the Water Author~ty of Jordan (WAJ) Us~ng a deslgnlbu~ld 
process, equ~pment, technical assistance, and training w~ll be provided for the 
rehabllltat~on of four priority sprlngs to serve as drinking water sources for 
communities In Jordan 

The project has been divlded Into two parts Part I conslsts of full rehabil~tatlon 
of the Qa~rawan, DeekJTels, Qantara, and Wad1 Sir springs and development of 
an englneerlng des~gn for the Kafre~n wells (see Figure 1-1, Locat~on Map) 
Rehabliltation of the four pr~ority sprlngs will Include site assessment, 
environmental evaluation, approprlate technology select~on, design, site 
preparat~on, lnstallat~on of package treatment un~ts, and operation and 
maintenance services The engineering des~gn for the Kafrein wells w~l l  Include 
site assessment, env~ronmental evaluation, approprlate technology selection, 
and des~gn of dellvery piping from the wells to the treatment unit and reservoir 

The Kafrein des~gn will be based on demand lnformatlon provided by the WAJ 
Conventional tender documents wlll be produced for the Kafre~n water system 
and subm~tted to the WAJ 

Part II of the project cons~sts of the rehab~l~tat~on of f~ve other sprlngs and wells 
to serve as drlnklng water sources for res~dents of Jordan These sources are 
considered less urgent and will be addressed under a separate assessment 
scheduled to be conducted in February 1998 
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Chapter 7 
Introduct~on 

Treatment of water from the Qairawan, Deek/Te~s, Qantara, and Wadi Sir 
sprlngs IS urgently needed Because of hlgh bacterial levels durlng the summer 
season, the Minlstry of Health (MOH) has requlred that these water sources be 
shut down As a result, many residents in the distribution zones of each spring 

, recelve water from other zones only once every 10 to 14 days To make up for 
the shortage of water, vendors have been dellverlng water to resldents In tanker 
trucks Unfortunately, many vendors have been observed filling their trucks with 
water from the contaminated springs and selling it to residents 

The loss of these sources for potable water has imposed extreme hardship and 
Increased the health rlsks of approximately 125,000 resldents To get these 
contaminated water sources rehabilitated by the next dry season, WAJ has 
asked the United States Agency for lnternatlonal Development (USAID) to 
provlde emergency assistance Due to the urgent need for drinklng water in 
these locations and to meet the aggressive schedule necessary to begln 
installation of the water treatment plants (WTPs), USAID has authorized limited 
compet~tion for procurement of the package treatment unlts and the subcontract 
for site preparation work 

Thls report presents the site assessments, evaluates and recommends 
treatment technologies, assesses environmental effects assoclated wlth each 
proposed technology, and describes a project implementation plan Limitations 
to this report Include the short tlme frame to collect water quality data, gather 
slte information, synthesize this information, correspond with vendors, select 
appropriate technology, and generate the report 

Chapter 2 covers the engineering site assessment for each of the four prlority 
spring water sources and the Kafrein wells A descrlptlon of the water quallty 
and quantity, an assessment of primary contaminants, and determination of 
civll, mechanical, and electrical requirements are provided in the discuss~on for 
each site 

Chapter 3 describes the recommended treatment technologies for each site 
Environmental impacts assoclated w~th the proposed method of treatment, 
lncludlng spring productlon capabilit~es, water demand, consumption patterns, 
wastewater productlon, and archeolog~cal conslderatlons are discussed In 
Chapter 4 The project implementation plan IS outllned in Chapter 5 
Recommendat~ons for the sequence of site installations, a fast-track schedule for 
completing the ~nstallat~ons, and preferred contracting mechan~sm are also 
prov~ded in that chapter Chapter 6 Includes a br~ef descrlpt~on of recommended 
rehabllltatlon and maintenance measures and Issues related to the lnstallatlon of 
the package treatment plants wh~ch need to be addressed In the near future 
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Chapter 2 
Site Assessments 

To address the emergency need for drlnklng water, WAJ asked USAID to prov~de 
package water treatment units at four springs and a water conveyance and 
treatment system deslgn for a newly developed well-fleld slte by May 1998 To 
meet thls schedule, slte assessments were conducted in early November 1997 at 
each of the four spring water sources and the Kafreln Wells This chapter 
describes the flndings of those assessments, specif~cally water quality and 
quantlty information associated with each ate, primary water contaminants, and 
civll, mechanical, and electr~cal details that must be considered for ~nstallatlon of 
package treatment plants 

2.1 Wadi Sir Spring 
The Wadi Sir sprlng IS located In southwestern Amman and has h~storically 
produced drlnklng water for the community of Wadi Sir The Amman aqulfer and 
Wadi Sir aquifer together produce water for the Wad1 Slr spring slnce they are 
hydraulically connected The Wadi Sir spring discharges from the northern end of 
the Wad1 Slr aquifer Water from the sprlng is collected in a closed concrete 
reservoir constructed along the side of the wadi Water from the reservoir flows 
by gravlty to a pump statlon on the oppos~te slde of the wadl, where it is pumped 
to ( I )  a reservolr wh~ch serves the commun~ty of Wadi Slr, (2) the Al Hussein 
Medical City reservolr which serves a medical community, and (3) other 
distribution networks In Amman 

A slte plan of the Wad1 Sir sprlng and exlstlng pump stat~on fac~llty are shown in 
Figure 2-1, and s~te plctures are shown on page 2-3 
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Sde Assessment 

f hot0 1 Wad1 Sir Spring 

Photo 2 Wad1 Sir Pump Statton 



Chapter 2 
S~te Assessment 

2 1 I Water Quality and Primary Sources of Contamination 

Water quallty lnformat~on on the Wad1 Slr spring IS provlded In Table 1 Thls 
lnformatlon has been complied from a report prepared through the Water Qual~ty 
Improvement and Conservation (WQIC) Project, analytical laboratory results 
produced by the WAJ Laboratorles and Quallty Control Department, and 
laboratory results produced by CDM lnternatlonal Laboratorles in Cambridge, 
Massachusetts The CDM water qual~ty results are based on only one sample 
taken durlng slte assessments CDM water quality results are shown In 
parentheses where no data were available from WAJ laborator~es or, In a few 
cases, where there were sl~ght discrepenc~es between CDM and WAJ laboratory 
values Other CDM test results agreed wlth local laboratory results and so are 
not shown 
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Chapter 2 
Srte Assessment 

TABLE I 
Water Quality-Wadi Sir Spring 

1 Envaronmental Health Prqect 

Component 

Calcium (Ca) 

Magnesium 
(Mg) 

Total 
Hardness 
(CaC03) 

Nltrate (as 
N03) 

Color 

Iron (Fe)+3 
dissolved 

Manganese 
(Mn) 

Turb~dity 

TSS 

TDS 

TOC 

Cadmium 

Lead 

Zlnc 

Mercury 

Chromium 

Total 
Coliform 

Fecal 
Collform 

H~stor~cal 
Concentrat~on 
Range 
(mg/l) 

75-85 

59-69 

430-496 

34-49 

No data 

<O 01 

<O 01 

0-25 

0 5-4 

41 1-605 

No data 

No data 

No data 

No data 

No data 

No data 

0->2400 

0->2400 

Maximum 
Permissible 
Jordan 
Standards for 
Drlnking 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other water 
sources 

15 units 

1 0  

0 2 

5 unlts 

none 

1,500 

same 

same 

same 

15 

same 

0 05 

0 
MPNI100 mi 

0 
MPN1100 ml 

Average 
Concentration 
(mgll) 

80 

65 

467 

39 

(5 0) 

40 01 

<O 01 

0 5 (0 37) 

(<4 0) 

(400) 

(0 67) 

<O 01 

<O 01 

<O 01 

<O 01 

<O 01 

can't average 

can't average 

Perm~ssible 
Jordan 
Standards for 
Drinklng 
Water 
(mgll) 

no standard 

no standard 

100 

45 

10 un~ts 

0 3 

0 I 

1 unlt 

none 

500 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPNl100 ml 

0 
MPN1100 ml 



Chapter 2 
S~te Assessment 

According to the WAJ water quallty staff and results shown In Table 1, prlmary 
contamlnatlon In the Wad1 Sir sprlng is from bacteria Although the Wad1 Slr 
spring IS currently belng used to supply water to the hosp~tai and other areas In 
Amman, In October 1997 the MOH requlred its temporary closure based on h~gh 
fecal coliform counts WAJ staff lndlcate that ~t 1s MOH policy to shut down any 
water source when its fecal collform count (before chlor~natlon) 1s greater than 25 
MPN, unless addltlonal treatment facil~t~es exist Because no collform were found 
In samples In past years, MOH and WAJ belleve that the presence of col~form 
indicates that spring water IS be~ng influenced by surface water sources, 
wastewater leaking from sewers, and pathogens that are often present In surface 
water lnclud~ng bacteria, viruses, crypotospor~d~a, and glardla WAJ staff have 
specifically asked for installatton of package un~ts which include ultrafiltratron 

2 7 2 Quantify 

lnformatlon on the quantity of water produced by the Wad1 Slr spring has been 
complled through the WQlC Thls information 1s Included In Appendix B 
lnformatlon on flows recorded from November 1937 to August 1996 (59 years) 
lndlcates maximum and mlnlmum flow rates of 2,950 m3/ hr and 40 m3/ hr 
respectively The frequency of measurements, shown In Flgure 2-2, ~llustrates 
that the most frequent flow 1s approximately 250 m3/ hr, and the most frequent 
flow range IS approximately 200-500 m31 hr 
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Flow (m3lh) @ 100 m3lh flow intervals 

Flow (m3h) 
@ 10 m3h flow ~ntervals 
0- 100 
10 1-200 
20 1-300 
30 1-400 
40 1-500 
50 1-600 
60 1-700 
70 1-800 
80 1-900 
90 1 - 1000 
1001-1 100 
1101-1200 
1201-1300 
1301-1400 
1401-1500 
1501-1600 
1601-1700 
1701-1800 
1801-1900 
190 1-2000 
200 1-2 100 
2 10 1-2200 
220 1-2300 
230 1-2400 
240 1-2500 
250 1-2600 
260 1-2700 
270 1-2800 
280 1-2900 
290 1-3000 

3 

Figure 2-2 
Rehabilitation of Priority Springs & Wells 

Wadi Sir Spring 
Distribution of Flow Measurements 

Number of 
Measurements 

5.00 
25 00 
89 00 
65 00 
44 00 
17 00 
8 00 
6 00 
3 00 
0 00 
2 00 
0 00 
2 00 
0 00 
1 00 
0 00 
0 00 
1 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
1 00 
0 00 
0 00 
0 00 
1 00 



Chapter 2 
S~te Assessment 

Data provided by WAJ covering the past flve years lndlcate that an annual 
average of 400 m3/ hr has been produced by the Wad1 Slr spring, with a summer 
average of 350 m3/ hr and a wlnter average of 500 m3/ hr The proposed average 
deslgn flow for the Wad1 Sir WTP IS 400 m3/hr 

2.7.3 Site Civil and Mechanical Requirements 

+ SIX pumps exlst at the Wad1 Slr pump station, four duty and two standby As 
mentloned earller, these pumps dellver water through three d~str~but~on llnes 
to the Al Hussein Medical City, Wad1 Sir, and the Amman city dlstrlbutlon 
system The four duty pumps are rated at a maximum of 566 m3/hr, and 
H=325 meters 

+ Currently, one of the exist~ng pumps is not in worklng condltlon WAJ staff 
lndlcate that thls pump can be removed, and a package WTP could be 
erected In ~ t s  place This pump IS located In the southern end of the pump 
room 

+ An underground concrete water reservoir-its roof IS at the same elevation 
as the pump house floor-IS not sealed SIX plped pump suctlon inlets and 
the~r access hatches along the north slde of the reservolr will need to be 
sealed with concrete to adequately protect treated water 

+ Depending on the interlor condition of the existing reservoir, a coatlng 
suitable for potable water should be used to coat the floor, walls, and 
celllng 

+ To supply water to the package WTP, ~t w~ll be necessary to create a raw 
water wet-well by partltloning off a small portion of the existlng reservoir with 
a double concrete wall Plped connections will need to be Installed In the 
concrete wall for use durlng filter bypass 

+ A steel pipe ovelflow and dram will have to be Installed In the newly created 
raw water reservolr 

+ To disinfect treated water, the chlor~natlon d~ffuser needs to be relocated to 
the finlsh water reservoir 

+ Temporary measures, such as bypass plplng and chlor~nat~on, may need to 
be taken durlng construction so that potable water can st111 be suppl~ed 

4 D~scharge plping from the package WTP must be connected to the finish 
water reservoir 

4 It will be necessary to Install three pumps, two duty and one standby, wlth 
pump pedestals, suction piplng, and valvlng to pump water from the raw 
water wet well to the package WTP 

I Envzmnmental Health Pro~ect 



Chapter 2 
S~te Assessment 

+ The backwash pump 1s expected to be provided as part of the WTP 
Approximately 35 m of welded steel backwash discharge plplng will need to 
be Installed to the nearby sewer collector 

2 1.4 Slte Electr~cal Requirements 

+ A I000 KVA transformer is in service, located adjacent to the pump stat~on 
entrance Ava~lable power 1s rated at 380 volt, 50 hertz 

+ The existlng transformer IS insufficient for the current electrical demands of 
the pump statlon A new 1500 KVA transformer will be required to provlde 
electrical power to the new WTP suctlon pumps and backwash pump 

+ Approximately 60 m of electrical wire will be needed to connect the package 
unit and clrcult breaker 

4 A new distr~butlon board for the new equipment will be requ~red 

+ WTP and pump controls will be combined In a angle control panel adjacent 
to the new equipment 

+ Outdoor lightrng and electrical receptacles should be provlded In the WTP, 
pump, and reservoir areas 

2 I 5 Land Ownership and Space Constraints 

+ All existing facilities are wlthln the land and property boundary owned by 
WAJ 

+ No add~tlonal space or new land acquisit~on IS expected to be requlred 

+ If the ex~sting inoperatwe pump is removed, approximately 100 m2 will be 
available for the WTP 

2.1 6 Cultural Herltage Conslderat~on of Construction Materials 

The pump house bu~ld~ng 1s constructed of reinforced concrete walls wlth stone 
blocks on the facade lnstallat~on of the package WTP will not Impact the outslde 
appearance of the exist~ng pump house 

2.2 Qairawan Spring 

The Qalrawan sprlng is located northwest of Amman in the city of Jerash The 
sprlng IS located immediately northeast of the Jerash archaeological s~te and 1s 
dlrectly across the street from the Ya Hala restaurant The spring is In an urban 
area on the east slde of the Wad1 Ad Dayr Groundwater discharging from the 
Qalrawan sprlng IS from the Naur Aqulfer Water from the sprlng is collected In a 
large gravel-bottomed pool which is mostly enclosed by concrete walls and a 

Envzronmental Health Project 2-9 



Chapter 2 
S~te Assessment 

concrete roof The enclosure IS accessible by foot traffic Chlorine IS injected into 
water collected in the large gravel-bottomed pool Water from the pool is pumped 
(1) directly to the distribution network of Al Saru area near Jerash, (2) to an old 
reservoir which serves part of Jerash, and (3) a new reservoir which also serves 
water distribution networks in Jerash 

A site plan of the Qairawan spring and existing pump station facility are shown in 
Figure 2-3, and s~te pictures are shown on page 2-12 
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Chapter 2 
S~te Assessment 

Photo 3 Qalrawan Spnng 

Photo 4- Qa~rawan Pump Station 
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Chapter 2 
Site Assessment 

2.2 1 Water Quality and Primary Sources of Contamination 

Water qual~ty lnformat~on for the Qa~rawan spring IS provided In Table 2 Th~s 
~nformat~on has been complled from a report prepared through the WQlC 
analyt~cal laboratory results produced by the WAJ Laboratories and Qual~ty 
Control Department, and laboratory results produced by CDM lnternatlonal 
Laborator~es In Cambridge, Massachusetts The CDM water qual~ty results are 
based on only one sample taken durlng s~te assessments CDM water qual~ty 
results are shown In parentheses where no data were available from WAJ 
laborator~es or, In a few cases, where there were sl~ght d~screpenc~es between 
CDM and WAJ laboratory values Other CDM test results agreed w~th local 
laboratory results and so are not shown. 
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Chapter 2 
Site Assessment 

TABLE 2 

Component 

Calc~um (Ca) 

Magnes~um 
(Mg) 

Total 
Hardness 
(CaC03) 

Nltrate (as 
N03) 

Color 

Iron (Fe)'3 
dissolved 

Manganese 
(Mn) 

Turbldlty 

TSS 

TDS 

TOC 

Cadmlum 

Lead 

Zlnc 

Mercury 

Chrom~um 

Total 
Col~form 

Fecal 
Col~form 

Water Quality-Qairawan Spring 

Envzronmental Health Project 

H~stor~cal 
Concentrat~on 
Range 
(mgll) 

74-99 

23-81 

349-581 

27-74 

No data 

No data 

No data 

0 1-5 4 

No data 

403-832 

No data 

No data 

No data 

No data 

No data 

No data 

0->2400 

0->2400 

Perm~ss~ble 
Jordan 
Standards for 
Drlnklng 
Water 
(mgll) 

no standard 

no standard 

100 

45 

10 un~ts 

0 3 

0 1 

I un~t 

none 

500 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPNI100 ml 

0 
MPN1100 ml 

Average 
Concentrat~on 
(mgll) 

89 

43 

399 

42 

(5 0) 

<O 01 

<O 01 

0 I (0 09) 

(<4 0) 

(390) 

(0 49) 

<O 01 

<O 01 

<O 01 

<O 01 

~0 01 

can't average 

can't average 

Max~mum 
Perm~ss~ble 
Jordan 
Standards for 
Drlnklng 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other sources 

15 unlts 

1 0  

0 2 

5 un~ts 

none 

1,500 

same 

same 

same 

15 

same 

0 05 

0 
MPN1100 ml 

0 
MPNIIOO ml 



Chapter 2 
S~te Assessment 

Accordlng to the WAJ water quallty staff and data shown In Table 2, primary 
contaminants in the Qairawan sprlng occur from bacteria Currently, thls water 
source IS on-line and belng used to supply water to Jerash However, when fecal 
collform counts are greater than 25 MPN per I00  ml, as happens often, this 
source is shut down to comply wlth MOH regulations 

2.2.2 Quantity 

Accordlng to lnformat~on comp~led by the WQlC Project, the maxlmum and 
mlnlmum discharges recorded from Aprll 1938 through September 1996 were 
359 m3/hr and 60 m3/hr, respectively Thls data IS Included In Appendlx B The 
frequency of flow measurements, illustrated graphically In Flgure 2-4, shows that 
the most frequent flow is 125 m3/hr, and the most frequent flow range IS 

approximately 85 to 200 m31hr 
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Flow (m31h) @ 10 m3/h flow intervals 
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Figure 2-4 
Rehabilitation of Priority Springs & Wells 
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Data for the last five years prov~ded by WAJ lndlcate that an annual average of 
150 m3/ hr has been produced by the Qalrawan Spr~ng, with a summer average of 
120 m31 hr and a w~nter average of 170 m31 hr The proposed average des~gn flow 
for the Qalrawan WTP IS 150 m3/hr 

2 2 3 Site Civil and Mechanical Requirements 

+ Four pumps exist at the Qairawan pump stat~on, three as duty pumps and 
one as standby All pumps connect to one header plpe whlch suppl~es 
three d~str~but~on llnes As mentioned above, one llne supplles water 
directly to the network of Al Saru area near Jerash, the other two llnes 
supply an old reservorr and a new reservolr Three pumps are rated at 
Q=86 m3/ hr, and H=145 meters The fourth pump IS rated at 60 m3/ hr, and 
H=125 meters 

+ Because a raw water wet well IS necessary to feed the WTP, a 200 m3 
reservoir for 1 3 hour storage capacity should be constructed For thls 
capacity, the reservoir should have a base of 6 x 6 meters 

+ It w~l l  be necessary to install a duty and standby pump, suctlon piping, 
valv~ng, and pump pedestals to pump water from the existlng sprlng wet well 
to the package WTP 

+ D~scharge plplng will need to be Installed from the pump to the package 
WTP to provlde sufficient operating pressure for the package treatment 
plant 

4 Discharge plping from the package WTP must be connected to the 
reservolr 

4 To dlslnfect treated water, new chlor~nation piplng will need to be rerouted to 
the new reservoir Ex~sting chlorlnat~on piping to the spring wet well will be 
retained 

4 D~scharge plplng will need to be Installed from the reservoir to the suctlon 
s~de of the four exlstlng d~stribution pumps and w~ll be connected to a new 
single-header plpe The benefit of this arrangement is that the old system 
will be t~ed Into this header plpe to allow the WTP to be taken off line if 
requlred 

+ It IS recommended that the WTP be located In an exlstlng roofless room In 
the rear of the pump station compound Currently, the roofless room flooring 
is at two elevat~ons, thus, minor excavation may be necessary to bring the 
area to a uniform ground elevation Roofing will need to be constructed over 
the two rooms 

+ The backwash pump is expected to be prov~ded as part of the WTP 
Approximately 40 m of backwash discharge piping will need to be installed 
to the nearest sewer collector 
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2.2 4 Slfe Elecfrical Requiremenfs 

+ A transformer IS ~nstalled on grade wlth~n the purnphouse compound 
Available power from the transformer IS 630 KVA The current demand on 
the transformer from the four pumps IS 21 0 KVA There should be sufflclent 
surplus power from the exlst~ng transformer to operate all new equ~pment 

+ Exlstlng dlstrlbutlon pumps are rated at 380 volt, 50 hertz 

+ Approximately 40 rn of electrlcal wire will be needed to connect the package 
unlt and clrcult breaker 

+ lnstallatlon of a new dlstrlbut~on board for the new equ~pment will be 
requlred 

+ WTP and pump controls will be comb~ned In a slngle control panel adjacent 
to the new equ~pment 

+ Outdoor llght~ng and electrlcal receptacles should be provlded In the WTP, 
pump, and reservolr areas 

2.2.5 Land Ownership and Space Consfra~nfs 

+ All exlst~ng facllltres are wlthln the property boundaries of land owned by 
WAJ 

+ No addlt~onal space or land acquls~tlon IS expected to be requ~red Suff~c~ent 
space appears to be available near the front parklng area for construct~on of 
the reservolr 

4 An exlstlng moblle offlce on metal sklds will need to be removed to allow 
room for construct~on of a new reservoir 

2.2.6 Cultural Henfage Consideration of Consfruction Mafenals 

+ The pumphouse bu~ld~ng IS constructed of re~nforced concrete walls wlth 
stone blocks on the facade lnstallatlon of the package VVTP will not Impact 
the outslde appearance of the exlstlng pumphouse 

+ The reservoir w~ll be constructed of reinforced concrete The facade will be 
covered wlth local stone fac~ng, consistent wlth local arch~tecture 

2.3 Qantara Spring 

The Qantara sprlng IS located on a rural hlllslde, east of the Ajlun castle and two 
km from the community of Ajlun In northwest Jordan Groundwater dlscharg~ng 
from the sprlng IS produced from the Hummar Aqulfer and poss~bly the Naur 
Aqulfer Sprlng water IS captured from the hlllslde In a narrow rectangular 
concrete structure Water from thls structure flows approx~mately 80 m downhlll 
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through a burled concrete channel to a partially underground concrete reservoir 
Water from the reservoir IS pumped to the communlt~es of Ajlun and Kufrangeh 

A slte plan of the Qantara sprlng and ex~stlng pump station facil~ty is shown In 
F~gure 2-5, and slte pictures are shown page 2-21 
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P hub 5- Qanlara Pump Sation 

Photo 6 Qantara Water Usew 
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2 3.7 Water Qual~ty and Pnmary Sources of Contam~nation 

Water quallty information on the Qantara spring IS prov~ded In Table 3 Thls 
lnformat~on has been comp~led from a report prepared through the WQlC Project, 
analytical laboratory results produced by the WAJ Laborator~es and Qual~ty 
Control Department, and laboratory results produced by CDM lnternat~onal 
Laboratories In Cambridge, Massachusetts The CDM water quality results are 
based on only one sample taken durlng s~te assessments CDM water qual~ty 
results are shown In parentheses where no data was ava~lable from WAJ 
laborator~es or, in a few cases, where there were sl~ght dlscrepenc~es between 
CDM and WAJ laboratory values Other CDM test results agreed wlth local 
laboratory results and so are not shown 
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TABLE 3 
Water Quality-Qantara Spring 

Envzronmental Health Project 

Component 

Calclum (Ca) 

Magnesium 
(Mg) 

Total 
Hardness 
(CaC03) 

Nltrate (as 
N 03) 

Color 

Iron (Fe)+3 
dissolved 

Manganese 
(Mn) 

Turbid~ty 

TSS 

TDS 

TOC 

Cadm~um 

Lead 

Zinc 

Mercury 

Chrom~um 

Total Col~form 

Fecal 
Coliform 

Average 
Concentrat~on 
(mg/l) 

94 

31 

362 

42 

(5 0) 

<O 01 

<O 01 

0 50 (0 51) 

(<4 0) 

(400) 

(1 3) 

<O 01 

<O 01 

<O 01 

<O 01 

40 01 

can't average 

can't average 

H~stor~cal 
Concentration 
Range 
(m!J/l) 

51-1 04 

10-80 

168-589 

15-1 84 

No data 

No data 

No data 

0 0-7 7 

No data 

422-625 

No data 

No data 

No data 

No data 

No data 

No data 

0->2400 

0->2400 

Permissible 
Jordan 
Standards for 
Drlnklng 
Water 
(mgll) 

no standard 

no standard 

100 

45 

10 units 

0 3 

0 1 

1 unit 

none 

500 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPNI100 ml 

0 
MPNIIOO ml 

Maxlmum 
Permissible 
Jordan 
Standards for 
Drlnklng 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other water 
sources 

15 unlts 

1 0  

0 2 

5 un~ts 

none 

1,500 

same 

same 

same 

15 

same 

0 05 

0 
MPNI100 ml 

0 
MPNI100 ml 
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According to the WAJ water qual~ty staff and data shown In Table 3, primary 
contam~nation in the Qantara spring is from bacteria, possibly from cesspits 
located in the upper watershed As a result, the Qantara spring has been shut 
down 

Data on the quantity of water produced by the Qantara spring has been collected 
through the WQlC Project This data has been collected from June 1938 to 
September 1996 (with some years rn~sslng) and is included In Append~x B 
Maximum and mlnlmum flows rates for Qantara are 335 m31hr and 10 m3/hr The 
frequency of measurements, shown In Figure 2-6, Indicates that the most 
frequent flow is I 10 m3/hr, and the most frequent flow range IS approximately 50 
to 225 m3/hr 
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Data for the last flve years, provlded by WAJ, lndlcate that an annual average of 
120 m3/ hr has been produced by the Qantara spring, w~th a summer average of 
100 m3/ hr and a winter average of 150 m3/ hr The proposed average design flow 
for the Qantara WTP IS 150 m3/hr 

2 3.3 Slte Clv11 and Mechanrcal Requirements 

+ Two pumps ex~st at the Qantara pump station All pumps connect to one 
header plpe whlch supplles two dlstrlbut~on llnes for Ajlun and Kufrangeh 
One pump IS rated at Q=80 m3/hr and H=230 meters, the other IS rated at a 
100 m3/hr and H=250 meters 

+ Because p~ped water from a raw water wet well IS needed to feed the WTP, 
a below-grade wet well should be bullt adjacent to the burled concrete 
channel feedlng the reservolr 

4 It will be necessary to Install three pumps-two duty and one standby, 
suct~on piping, valvlng, and pump pedestals to pump water from the 
proposed wet well to the package WTP 

+ D~scharge plplng will need to be Installed from the pump to the package 
WTP to provide sufflc~ent operating pressure for the package treatment 
plant 

+ D~scharge plplng from the package WTP must be connected to the existlng 
below-grade channel that connects to the exlsting reservolr 

+ The WTP should be located on a new reinforced concrete slab on grade 
adjacent to the exlsting pump station The WTP and pumps would be 
covered by a steel sunscreen 

+ The backwash pump IS expected to be provlded as part of the WTP 
Approxlrnately 50 m of backwash discharge plplng will need to be Installed 
to the nearby wad1 

2 3 4 Site Electr~cal Requirements 

+ A pole-mounted transformer IS Installed near the rear of the pumphouse 
compound Ava~lable power 1s rated 400 KVA The current demand on the 
transformer from two pumps 1s 240 KW It appears that thls transformer w~l l  
be able to serve the WTP equ~pment 

+ Exlsting d~strlbut~on pumps are rated at 380 volt, 50 hertz 

+ Approxlmately 40 m of electrical wlre will be needed to connect the package 
un~t and clrcult breaker 

+ lnstallat~on of a new dlstrlbutlon board will be requlred for the new 
equ~pment 
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+ VVTP and pump controls will be combined In a slngle control panel adjacent 
to the new equipment 

+ Outside lightlng and electrical receptlcles should be provided in the VVTP 
area 

2.3.5 Land Ownershrp and Space Constraints 

+ All ex~stlng facll~tles are within the property boundaries and land owned by 
WAJ 

+ No add~tional space or new land acquisition is expected to be required All 
equipment can be ~nstalled wlthln the ex~stlng pump stat~on boundary walls 

2 3 6 Cultural Heritage Consrdera tron of Construction Ma terials 

+ The pumphouse building 1s constructed of reinforced concrete walls w~th 
stone blocks on the facade Installat~on of the package WTP will not Impact 
the outslde appearance of the pumphouse 

2.4 DeeklTeis Springs 

The Deek and Tels sprlngs are located approximately five km southwest of the 
city of Jerash The springs are located on opposite hillsides on the Wadi Nahla- 
Wadi Tawahna The sprlng area 1s vegetated w~th trees and brush and 1s 
located upgradlent of several small v~llages including Al Kltta, Nahla, Raymun, 
and Sak~b Groundwater dischargrng from both springs orlglnates from the Naur 
Aqu~fer 

A concrete box is erected over the mouth of the the Deek spring The box is 
lined with gravel Animal feces were observed In several areas w~thin the 
concrete box Groundwater flows from two sources along the gravel-bottomed 
box and ~nto a pipe which carrles water to a reservoir approx~mately 150 m 
downhill 

Water from the Tels sprlng flows out of a hillside and along the slde of the wad1 
A sealed concrete box erected next to the mouth of the spring captures some of 
the sprlng water Water from this concrete box is piped to the same reservoir as 
water from the Deek sprlng The water collected In the reservoir is chlorinated in 
the pump stat~on discharge llne and then pumped to (1) the Gaza refugee camp, 
(2) the Debe~n area, and (3) the v~llage of Kltta 

A slte plan of the DeekITers pump statron IS shown rn Frgure 2-7 and srte prctures 
are shown on page 2-29 
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Photo 7 Deek Spring 

Photo 8 Deek Pump Stat~on 
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2 4 1 Water Quality and Primary Sources of Contamination 

Water qual~ty lnformat~on on the mlxed water from the Deek and Tels sprlngs IS 

prov~ded In Table 4 Thls lnformat~on has been complied from analyt~cal 
laboratory results produced by the WAJ Laboratorles and Quallty Control 
Department, and laboratory results produced by CDM lnternatlonal Laboratorles 
In Cambridge, Massachusetts The CDM water qual~ty results are based on only 
one sample taken durlng slte assessments CDM water quallty results are shown 
In parentheses where no data was ava~lable from WAJ laborator~es or, In a few 
cases, where there were sl~ght d~screpenc~es between CDM and WAJ laboratory 
values Other CDM test results agreed w~th local laboratory results and so are 
not shown 
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TABLE 4 
Water Quality-DeekfTeis Springs Mixed 

1 Envrmnmental Health P~oject 

Component 

Calc~um (Ca) 

Magnesium 
(Mg) 

Total 
Hardness 
(CaC03) 

Nitrate (as 
N03) 

Color 

Iron (Fe)+3 
d~ssolved 

Manganese 
(Mn) 

Turbid~ty 

TSS 

TDS 

TOC 

Cadmlum 

Lead 

Zlnc 

Mercury 

Chrom~um 

Total Col~form 

Fecal 
Collform 

Histor~cal 
Concentration 
Range 
(mgll) 

51 -1 04 

10-80 

168-589 

15-1 84 

No data 

No data 

No data 

0 0-7 7 

No data 

422-625 

No data 

No data 

No data 

No data 

No data 

No data 

0->2400 

0->2400 

Average 
Concentration 
(mgll) 

94 

3 1 

362 

42 

(5 0) 

<O 01 

-=O 01 

0 50 (0 51) 

(<4 0) 

(400) 

(1 3) 

<O 01 

<O 01 

<O 01 

<O 01 

~0 01 

can't average 

can't average 

Perm~ss~ble 
Jordan 
Standards for 
Dr~nklng 
Water 
(ms/l) 

no standard 

no standard 

100 

45 

10 units 

0 3 

0 1 

1 unit 

none 

500 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPN1100 ml 

0 
MPN1100 ml 

Maxlmum 
Perm~ssible 
Jordan 
Standards for 
Drln king Water 
(mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other sources 

15 units 

1 0  

0 2 

5 units 

none 

1,500 

same 

same 

same 

15 

same 

0 05 

0 
MPN1100 ml 

0 
MPN1100 ml 
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Pr~mary contaminatron In the Deek spring IS from bacteria, possibly from anrmal 
feces or cessprts As a result, the Deek spring 1s frequently shut down due to 
h~gh colrform bacterra counts 

1 2.4.2 Quantrty 

Informatron on the quant~ty of water produced from the Deek and Ters sprlngs 
have been comp~led by the WQlC Project and are rncluded In Appendrx B Data 
for the period Aprrl 1938 through September 1996 indrcate maxrmum and 
mrnimum flows of 289 m3/hr and 2 m3/hr for the Deek sprlng and 51 1 m3/hr and 
23 m3/hr for the Te~s spnng The frequency of measurements taken from th~s 
data is shown In Figure 2-8 for the Deek sprlng and Frgure 2-9 for the Teis spring 

From these figures, it IS evident that the most frequent flow for the Deek sprlng IS 

85 m3/hr, and the most frequent flow range is approximately 35 to 120 m3/hr 
Similarly, the most frequent flow is 75 m3/hr from the Teis sprlng, while the most 
frequent flow range is 40 to 165 m3/hr The most frequent comb~ned flow from 
the two sprrngs is 160 m3/hr 
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Data provlded by the WAJ for the last flve years Indicates that a comblned annual 
average of 120 m3/ hr has been produced by the Deek and Teis springs (50 m3/hr 
from the Deek sprlng and 70 m3/hr from the Tels sprlng) The proposed average 
design flow for the DeekITels WTP is 150 m3/hr 

2.4.3 Site Civil and Mechan~cai Requirements 

+ Five pumps exist at the Deek pump statlon Three pumps are on llne at one 
time, and two are standbys Two pumps are rated at Q=70 m3/ hr, and 
H=100 meters, one IS rated at Q=60 m3/hr and H=450 meters, another is 
rated at Q=50 m3/hr and H=240 meters, and the last is rated at 30 m3/hr and 
H=400 meters 

+ Because there is need for a raw water wet well to feed the WTP, ~t IS 

recommended that the ex~sting 200 m3 reservolr be split Into a raw water 
wet well and a finish water reservolr 

+ A duty and standby pump, suction plplng, valving, and pump pedestals 
should be installed to pump water from the raw water wet well to the 
package WTP 

+ Discharge piping wrll need to be installed from the pump to the package 
WTP to provlde sufficient operating pressure for the package treatment 
plant 

+ Discharge plplng from the package WTP must be connected to the flnlsh 
water reservoir 

+ The exlstlng chlor~nat~on system will not need to be modified as it currently 
feeds the pump station's discharge force maln 

+ It is recommended that the WTP be located on a new reinforced concrete 
slab on grade between the reservolr and the pump statlon The WTP and 
pumps should be covered by a steel sunscreen 

+ The backwash pump IS expected to be prov~ded as part of the WTP 
Approximately 80 m of backwash discharge piping will need to be Installed 
to the nearby wadi 

2.4 4 Sife Elecfrical Requiremenfs 

+ There IS no transformer on slte The pump statlon IS powered by a I000 
KVA transformer located 150 m away from the s~te, wh~ch serves other 
port~ons of the commun~ty The current electrical demand from the three 
pumps 1s 230 KW Due to other electrical demands on this transformer, the 
WTP and pumps may require thelr own transformer 
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4 If a new transformer IS required, a 500 KVA would be needed to power the 
pump statlon and new W P  equrpment The transformer could be rnstalled 
In the electrrcal yard In the front of the pump statton 

4 A new marn drstr~butlon box wrll need to be Installed on slte 

4 WTP and pump controls will be comblned In a slngle control panel adjacent 
to the new equrpment 

4 Outsrde lrghtrng and electrical receptlcles should be provided In the WTP 
area 

4 Approximately 50 m of electrrcal wire wrll be needed to connect the package 
unrt and clrcult breaker 

2 4 5 Land Ownership and Space Constrarnts 

4 All exrstrng facllrties are wrthln the property owned by WAJ 

4 No addltlonal space or new land acqulsltlon IS expected to be requrred other 
than the exrstlng land 

2 4 6 Cultural Heritage Conslderatlon of Construction Materials 

4 The pumphouse bullding IS constructed of rernforced concrete walls 
lnstallatron of the package WTP wrll not affect the outside appearance of 
the exlstlng pumphouse 
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2.5 Kafrein Wells 

The Kafre~n wells are located southwest of Amman near the Dead Sea The 
Kafrein site IS 200 m below sea level and consists of 3 wells Water from the 
wells is produced from the Kornub Aqulfer. WAJ IS develop~ng a project to supply 
water from the Kafrein wells to three vlllages and several new hotels on the 
eastern shore of the Dead Sea. 

WAJ des~gn engineers intend to pump water from wells M A ,  # I  1, and # I  2 to the 
villages of Suweimeh, Al Ramah, and Jofa and to the new hotels These wells 
are flow~ng artesian wells, located approxlmately 0 5 km away from each other 
and several k~lometers behlnd the Kafreln Dam operated by the Jordan Valley 
Authority (JVA) Each well is free flowlng, In the range of 10 to 30 m3/hr 

Currently the wells are cased to approx~mately 1 m above ground and are free 
flow~ng Into small wads The wells are located in sandy, isolated, arid areas wrth 
llttle vegetation except In the ~mmed~ate region where the drscharge IS flowing 
The sites can be accessed best by 4-wheel-drive vehicles, slnce at least one 
large flow~ng wad1 must be crossed to get to one well s~te 

A s~te plan of the Kafrern WTP IS shown In F~gure 2-10 and site p~ctures are 
shown on page 2-39. 
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Photo 9 Kafre~n Well #I l 

Photo 10 Kafre~n Well #1 2 

2-39 
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2.5.1 Water Quality and Primary Sources of Contamination 

Water qual~ty lnformatlon was prov~ded on only one sample taken by WAJ dur~ng 
the s~te assessments for each Kafre~n well Note that each of these samples was 
taken when the wells were free flow~ng and not wh~le belng pumped at thelr f~xed 
maxlmum well productlon rate Although free-flowlng water from the arteslan 
wells appeared to be qulte clear, WAJ fleld staff ~ndlcated that when pumped at 
therr fixed well productlon rates, the water becomes turb~d According to WAJ 
staff, the turbrd~ty values shown in Tables 5, 6, and 7 are representatwe of 
condltlons when the wells are pumped at thelr desrgn capac~ty Sample results 
produced the WAJ Quallty Control Department, and the laboratory results 
produced by CDM International Laborator~es In Cambridge, Massachusetts are 
given In these tables The CDM results, based on only one sample, are shown In 
parentheses, where they drffer from the WAJ frgure 
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TABLE 5 
Water Quality-Kafrein #I I 

Envzronrnental Health Project 

Component 

Calc~um (Ca) 

Magnes~um 
(Mg) 

Total 
Hardness 
(CaC03) 

N~trate (as 
N03) 

Color 

Iron (Fe)*3 
d~ssolved 

Manganese 
(Mn) 

Turb~d~ty 

TSS 

TDS 

Sulfur 

TOC 

Cadm~um 

Lead 

Z~nc 

Mercury 

Chrorn~um 

TotalIFecal 
Collform 

Perm~ss~ble 
Jordan 
Standards for 
Drlnklng 
Water 
(mgll) 

no standard 

no standard 

100 

45 

10 un~ts 

0 3 

0 1 

1 un~t 

none 

500 

0 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPNl100 ml 

H~stor~cal 
Concentrat~on 
Range 
(mgll) 

80-199 

7 2-29 

230-61 7 

0-6 6 

No data 

0 24-0 97 

No data 

43-1 85 

No data 

536-589 

0 29-0 63 

No data 

No data 

No data 

No data 

No data 

No data 

0 
MPN1100 ml 

Max~mum 
Permlsslble 
Jordan 
Standards for 
Drlnklng 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other sources 

15 un~ts 

I 0  

0 2 

5 un~ts 

none 

1,500 

0 

same 

same 

same 

15 

same 

0 05 

0 
MPNIIOO ml 

Average 
Concentrat~on 
(mgll) 

91 

24 

328 

1 95 

(5 0) 

0 25 

0 08 (0 078) 

93 NTU 

(12) 

(480) 

0 63 

<O 01 (0 67) 

<O 01 

<O 01 

<O 01 

<O 01 

<O 01 

0 
MPN1100 ml 
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TABLE 6 
Water Quality-Kafrein #4 

Envzronmental Health Prolect 

Component 

Calcium (Ca) 

Magnesium 
(Mg) 

Total 
Hardness 
(CaC03) 

N~trate (as 
N03) 

Color 

Iron (Fe)'3 
dissolved 

Manganese 
(Mn) 

Turbldlty 

TSS 

TDS 

Sulfur 

TOC 

Cadmium 

Lead 

Zlnc 

Mercury 

Chrom~um 

TotallFecal 
Callform 

Histor~cal 
Concentrat~on 
Range 
(mgll) 

0 
MPN1100 ml 

Average 
Concentrat~on 
(mgll) 

100 

33 

385 

0 5 

0 82 

14 6 NTU 

794 

0 56 

0 
MPNII 00 ml 

Permissible 
Jordan 
Standards for 
Dr~nking 
Water 
(mgll) 

no standard 

no standard 

100 

45 

10 un~ts 

0 3 

0 I 

1 unlt 

none 

500 

0 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPNI100 ml 

Maxlmum 
Permlss~ble 
Jordan 
Standards for 
Dr~nking 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other water 
sources 

15 unlts 

1 0  

0 2 

5 units 

none 

1,500 

0 

same 

same 

same 

15 

same 

0 05 

0 
MPN1100 rnl 



Chapfer 2 
Site Assessment 

TABLE 7 

Component 

Calc~um (Ca) 

Magnesrum 
(Mg) 

Total 
Hardness 
(CaC03) 

N~trate (as 
N03) 

Color 

Iron (Fe)+3 
dissolved 

Manganese 
(Mn) 

Turb~d~ty 

TSS 

TDS 

Sulfur 

TOC 

Cadmlum 

Lead 

Zlnc 

Mercury 

Chrom~um 

TotallFecal 
Col~form 

Water Quality-Kafrein # I 2  

Envtronmental Health Prolect 

H~storlcal 
Concentrat~on 
Range 
(mg/l) 

83-99 

39-47 

368-439 

0-1 18 

No data 

0 02-3 45 

No data 

18 5-255 

No data 

663-776 

0 46-0 74 

No data 

No data 

No data 

No data 

No data 

No data 

0 
MPN/100 ml 

Average 
Concentrat~on 
(m!3/l) 

89 

44 

404 

0 35 

(5 0) 

0 57 

0 07 (0 77) 

77 5 NTU 

0 35 (1 0) 

(600) 

0 74 

(0 29) 

<O 01 

<O 01 

<O 01 

<O 01 

<O 01 

0 
MPNI100 ml 

Perm~sslble 
Jordan 
Standards for 
Drlnking 
Water 
(mg/l) 

no standard 

no standard 

100 

45 

10 unlts 

0 3 

0 1 

1 unit 

none 

500 

0 

2 

0 005 

0 05 

5 

0 001 

0 05 

0 
MPN/I00 ml 

Maxlmum 
Permlsslble 
Jordan 
Standards for 
Drln klng 
Water (mgll) 

no standard 

no standard 

500 

70 ~n the 
absence of 
other sources 

15 unlts 

1 0  

0 2 

5 un~ts 

none 

1,500 

0 

same 

same 

same 

15 

same 

0 05 

0 
MPNIIOO ml 



Chapter 2 
S~te Assessment 

According to WAJ and field observations made by its staff, approx~mately 10 to 
30 m3/hr flows from each of the three Kafreln wells in this project Thelr existing 
flow rates and WAJ projected well yields are shown In Table 8 below 

TABLE 8 
Flow Rates - Kafrein Wells 

2 5 3 Site Crvil and Mechanrcal Requirements 

Well 

Kafre~n Well # 12 

Kafre~n Well # 11 

Kafre~n Well # 4A 

Total 

I + Three wells have been drilled and casings installed 

+ Pumps and well dlschargrng piplng, lncludlng metering vaults, will be 
required at each well site 

Existing Flow 
Rate 

10 m3/hr 

10 m3/hr 

10 m3/hr - 
30 m3/hr 

+ A small building with the pump control panel and motor control panel wlll be 
requlred at each well site 

WAJ Projected Well Yield 
to be Used for Design 

80 m3/hr 

50 m3/hr 

125 m3/hr 

255 m3/hr 

4 Fencing around the well compound wrll be requlred at each site 

+ Approximately 7 km of ductlle Iron delivery pipe will be required to convey 
water from the three wells to a central WTP 

+ Depending on the treatment technology, a raw water wet well may be 
required upstream of the WTP 

+ A 1000 m3 storage reservoir will be required downstream of the WTP to 
convey the finlsh water to the dlstrlbutlon system by gravity 

+ A small ma~ntenance bu~ld~ng IS recommended for th~s s~te to house the well 
and WTP controls and to help malntaln the system 

+ A graded dirt road w~l l  be requ~red to access the proposed WTP and 
reservolr slte 
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Chapter 2 
S~fe Assessment 

2 5.4 Srte Electrical Requirements 

+ Electrical power will have to be conveyed approximately 7 km to each of the 
three well locatlons 

+ A 75 KVA transformer will have to be pole-mounted at each of the well s~tes 

4 Exterlor llghtlng will have to be supplled to each well site 

+ Multlcord instrumentatlon cable will have to be conveyed to each well slte to 
control the pumps 

+ An lndivldual pump control system at each well slte will have to be Installed 
and connected to a master pump control system at the WTP 

+ A main transformer will have to be Installed at the WTP 

+ Area lighting will need to be provided at the WTP area 

+ All electrical works for the WTP and maintenance bulldlng will be requlred 

2 5 5 Land Ownership and Space Constraints 

+ It appears that the land at the proposed WTP locat~on is owned by JVA 
Prlor to the start of detalled design actlvitles, JVA's ownership of the 
proposed slte must be clearly established 

+ It 1s unclear who owns the land at the three well locatlons Prlor to the start 
of routing of conveyance piplng, land ownership of the proposed sites must 
be resolved 

2.5.6 Cultural Herrtage Cons~deratlon of Construction Materrals 

+ The proposed location of the WTP and reservoir IS In a rural desert 
environment adjacent to a Jordan Valley Authority Office compound The 
pumphouse building and reservoir should be constructed out of reinforced 
concrete 

Envzronmental Health Pro~ect 



Chapter 3 
Treatment Technologies 

In deslgnlng any water treatment system, the cholce of technologres IS 

influenced by the prlmary contamlnants which must be treated, the operation and 
maintenance capabilltles of local maintenance personnel, and the level of servlce 
whlch the country can sustain An addltlonal factor In the cholce of technology in 
this activlty is the emergency need to provide adequate water treatment for four 
sprlngs In flve or SIX months Th~s chapter rncludes a descr~pt~on of approprlate 
treatment technologies and opt~ons for the Wad1 Slr, Qalrawan, Qantara, 
DeeWels, and Kafrein sltes along wlth a slte plan for each setting with the 
proposed water treatment package and necessary slte modrf~cat~ons A 
dlscuss~on of the level of service wh~ch can be sustained IS found In Chapter 6 

3.1 Appropriate Treatment Technologies and 
Recommendations 

Typically, the sprlngs produce less water at the begrnnlng of the dry season 
(May), and fecal col~form counts Increase WAJ water qual~ty experts Indicate 
that thls occurs because sources of contam~nat~on, such as exf~ltratlon of 
cessplts and contamlnated surface run-off, are no longer d~luted by preclp~tatron 

H~stor~cal data from WAJ conf~rm that col~form counts In summer are lncreaslng 
Th~s sltuatlon IS complicated by the fact that WAJ IS under Increasing pressure to 
provlde adequate water supplles durlng the summer season, and yet MOH 
pollc~es frequently requlre many water sources to be shut down due to Increased 
publ~c health r~sk 

WAJ staff Indicate that ~t IS MOH policy to shut down any water source when ~ t s  
fecal col~form count (before chlorlnatlon) IS greater than 25 MPN per 100 ml, 
unless additional treatment fac~lltles exlst Because less collform was present In 
past years, MOH and WAJ belleve that rlslng col~form levels lndlcate that sprlng 
water IS lncreaslngly belng Influenced by surface water sources and pathogens 
that are often present In surface water, lncludlng bacteria, vlruses, cryptospor~dla, 
and glard~a 

3. I .  I Wad1 Srr, Qalrawan, Qantara, DeeWTers 

According to water qual~ty tests performed by the WAJ, the prlmary 
contamlnants detected at the Wad1 Sir, Qa~rawan, Qantara, and DeekiTels 
systems are collform bacter~a Presently, the WAJ does not have the capability 
to measure for glardla and crytosporldlum WAJ water qual~ty staff belleve that 
fecal coilform counts In the range of 25 to greater than 2,400 MPN per I00  ml 
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Chapter 3 
Treatment Technolog~es 

and n~trate concentrat~ons In the range of 45 mg/l (as NO,) Indicate that these 
spring water sources may be influenced from domestic sewage 

These concerns seem justifled Because ~dentificat~on of specific types of 
pathogen~c bacteria IS quite difficult and laborious, laboratories usually attempt to 
determine the presence or absence of col~form organisms Because coliform 
organisms originate primarily In the intest~nal tract of warm-blooded animals, 
their presence suggests that condit~ons are appropriate to support pathogenic 
organisms and that fecal contam~nation IS poss~ble 

Moreover, MOH and WAJ staff belleve that the presence of coliform indicates 
that spring water is being influenced by surface water sources Pathogens often 
present in surface water Include bacter~a, viruses, cryptosporid~a, and giardia 
For th~s reason, WAJ staff have specif~cally asked for package WTPs which 
Include a high degree of filtrat~on 

Cryptosporidia and g~ard~a are parasit~c mlcro-organisms G~ardia lambla IS a 
cyst whlch cannot be inactivated by d~s~nfection alone, its removal requlres 
granular filtration, in-depth filtration, or f~ltrat~on by d~atomaceous earth 
S~milarly, cryptospror~d~um is a spore wh~ch cannot be ~nactivated by dlsinfectlon 
alone Cryptosporid~a enter the water supply from animal feces and travel from 
host to host as an oocyst, 4-6 mlcrons in size A angle oocyst can cause severe 
~llness, prolonged diarrhea and vom~t~ng, and even death In the elderly or s~ck 

WAJ staff are also concerned about spore-form~ng bacter~a wh~ch become inert 
when thelr environment becomes hostile to them, but can grow again when the 
environment becomes suitable 

Turb~dlty In the sprlngs IS generally low (with average ranges of less than one 
NTU) for the Wadi Sir, Qairawan, Qantara, and DeekITers sprlng water sources 
However, when heavy rains occur, some sources, espec~ally the Wad1 Sir sprlng, 
become turbid In the past, WAJ staff have dealt with the h~gher turb~d~ty levels 
at the Wad1 Sir spring by bypass~ng the pumping fac~l~ty when thls occurs WAJ 
engineers est~mate that th~s occurs approximately 10 days per year 

Surface water often contains suspended sol~ds and soluble organic matter 
Although turbidity in groundwater is rare, shallow groundwater can be high In 
soluble organic matter Elimrnatlng this matter helps remove contaminants that 
cllng to suspended solids 

Natural nltrate concentrat~on in groundwater ranges from 4 5 to 45 mgll as NO, 
Sources Include plants whlch fix atmospheric n~trogen and transfer it to soil 
Other sources include decomposing plant debris, anlmal wastes, sewage 
d~scharges on land, industrial wastes, and nitrate fert~l~zers A high n~trate 
content can be considered an Indicator that an aquifer should be tested for 
pathogenic bacteria which may accompany contam~nation from these sources 
Water contaming 90 mgll of nltrate IS considered harmful to Infants The 
conversion of nitrates to nitr~tes In the ~ntest~nes of Infants can result in an 
overabundance of methemoglobin molecules which reduces oxygen uptake 
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Chapter 3 
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The Jordanian maxlmum permlsslble llm~t for n~trates IS 70 mgll According to 
water quallty tests, most water quallty analyses fall below thls llmlt However, 
because nltrate In groundwater results most often from sewage waste, ~t IS a 
good rnd~cator that the sprlngs may be Impacted by pathogen~c bacter~a 

Total organlc carbon values for all s~tes are below permlsslble water quallty 
Ilrnlts, thus, organlc chemicals such as pestlcldes and lndustrlal wastes do not 
appear to be sources of contamlnatlon whlch must be addressed S~mllarly, 
heavy metals, including lead, mercury, cadmlum, chrorn~um, nlckel, copper, and 
zlnc, all appear to be withln normal llmlts 

The range of typlcal filtrat~on technolog~es available In package W P s ,  and some 
of thelr capab~l~t~es, IS shown below 

Conventional Flltratlon 
. Can remove part~cles In the range of 3 to l00+ mlcrons 

Mult~med~a Fllters 
. Can reduce suspended sollds by 90 to 98%, however, does not remove 

dissolved organlc compounds 
. Some types can remove glardla and cryptospror~d~um 
. Remove partlcles In the range of 3 to 100+ mlcrons, but superlor to 

conventional filtrat~on In fllterlng capaclty 

M~croflltratlon 
. Can remove partlcles In the range of 0 4 to 3 mlcrons 
. Can remove a large amount of bacterla 
. Can remove g~ard~a and cryptosporldlum 

Ultrafiltratlon 
. Can remove partlcles In the range of 0 0025 to 1 micron 
. Can remove glard~a and cryptospor~d~um 
. Can remove all bacter~a 
. Can remove viruses 

Nanoflltratlon and Reverse Osmosls 
. Removes partlcles In the range of less than 0 0006 to 0 06 mlcrons 
. Can remove viruses 
. Because R 0 and nanoflltratlon remove such small partlcles, some form of 

pretreatment 1s generally necessary 
. Membranes are subject to foullng or deterioration if not properly operated 
. Removes Ionic specles, TOC, color, and disinfection byproduct precursors 

Some micro-, ultra-, and nanoflltratlon un~ts cannot tolerate continuous exposure 
of the membrane to chlorlne residuals Thus, the membrane materlal will have to 
be evaluated In relat~on to the backwash arrangement at the exlstlng sltes That 
IS, ~f chlorinated water IS to be used for backwashlng, the type of membrane 
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materlal proposed could become a slgnlficant selection parameter In this 
appllcatlon 

Smallest bacterla are In the range of 0 2 mlcrons, coliform bacterla are 
approximately 0 45 mlcrons Mlcroflltratlon would remove most pathogenic 
bacteria In addit~on, the filtration of suspended sollds whlch bacterla and viruses 
cllng to would provlde an added degree of protection Typlcal m~crofiltrat~on unlts 
being suggested by vendors can remove 98% of particles down to 2 microns, and 
90% of materials down to 1 mlcron 

The types of technology whlch may be appropriate for lnstallat~on at the springs 
Include mult~media filters w~th chemlcal ox~datlon (typically prechlor~natlon), 
microfiltratlon, and ultrafiltratlon Although acceptable package treatment 
technolog~es can be narrowed down to these three appl~cat~ons, each speclfic 
technology vanes by vendor and has tradeoffs In terms of energy requirements, 
operating pressures, operational costs, allowable influent water temperatures, 
recurrlng malntenance costs, and ease of operation These technologles will 
have to be evaluated on a package-by-package basls Crlterla for the tender 
package are shown In Sectlon 3 2 

3 1 2 Kafre~n Wells 

Prlmary contam~nants In the Kafreln wells are hlgh turbldlty and hlgh hydrogen 
sulflde When pumped at thelr fixed well yleld, the Kafrern wells become turbld 
Thls turbidity may Improve over tlme, as the wells are consistently pumped at 
these hlgher rates and the gravel packs stabilize around each slotted well caslng 
(screen) Intake 

Groundwater at the Kafreln wells contalns hydrogen sulflde, whlch produces a 
"rotten egg" smell when released to the atmosphere Air stripping or chemlcal 
oxldatlon would remove the odor Turbldlty can be reduced by clar~f~cation, 
sedimentation, filtration, or a comblnat~on of them 

Some technologles suggested by vendors include a treatment unlt that can 
accomplish both chemical oxldatlon and flltratlon In one package unlt Local 
WAJ treatment plant operators lndlcate that they have some experience wlth alr- 
strlpplng treatment processes 

Vendor submittals w~l l  need to be rev~ewed and assessed based on s~rnpl~c~ty, 
ease of operation, recurrlng ma~ntenance costs, and the l~ke A list of vendor 
crlterla IS given below 

3.2 Vendor Criteria 

As part of the des~gnlbu~ld process, a vendor w~ll be selected to prov~de the 
package WTPs To meet the project's aggressive schedule, several vendors are 
In the process of develop~ng thelr recommended technolog~es based on water 
qual~ty and quantlty lnformatlon submitted to them A limited competltlve 
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Chapter 3 
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tendering process will be conducted requlrlng the vendors to submlt financial and 
technical proposals 

Their proposals will be evaluated by the crlterla llsted below 

1 Flnanclal 
a) Capltal cost of equipment 
b) Recurring malntenance costs 
c) Operation costs 
d) Shlpment costs 
e) lnstallatlon costs 
f) Ava~lab~l~ty, length, and cost of warranty 

Technical 
a) Compliance wlth technical requ~rements 
b) Ab~llty of technology to react qulckly to seasonal contam~nation, 

rncluding a sudden Increase In turbldlty and/or flow rates 
c) Compatlblllty wlth local physlcal environment, includrng space 

constraints 
d) Ease of operatlon and malntenance 
e) Avallabll~ty of spare parts and consumables 
f) Ablllty to be compatible wlth exlsting chlorlnatlon facilltles 
g) Ablllty to mlnlmlze the number of technologles used 
h) Ability to provlde overseas tralnlng on operatlon and malntenance of 

equlpment 

3 Responsrveness 
a) Ablllty to fabrrcate package unlt In short tlmeframe 
b) Ability to prepare the un~t qulckly for shlpment 
c) Ability to rapldly Install equlpment 
d) Ablllty to meet May 1998 installation schedule 

4 Experrence 
a) Successful history of ~nstallations uslng recommended 

technologles 
b) Abll~ty to demonstrate technology appllcatlon in International locations 
c) Hlstory of experience In the Middle East 
d) H~story of overseas installat~on, operatlon, rnalntenance, and tralning 

experience 

3.3 U.S. Source and Origin Requirements 

To comply with USAlD regulations, the cholce of approprrate technologies must 
meet U S source and origin requ~rements However, because a number of 
qualified U S package treatment plant manufacturers exrst, this requirement 
should have little effect on the technology selected for these applications 
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3.4 Site Plans Showing Proposed Facilities 

Schemat~cs and site plans have been developed for each of the four spring 
locations Slte plans for the proposed W P  and reservoir locations have also 
been developed for the Kafrein wells These proposed designs are based on the 
lnstallatlon of package treatment units at all the sites Many of the civil, 
mechanic, and electrical requirements outllned for each s~te In Chapter 2 are 
incorporated into the proposed designs. After the selection of the package VVTP 
vendor, these designs will be more fully developed during the designlbuild 
process These schematics and proposed slte plans are shown in Flgures 3-1 to 
3-9 
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Chapter 4 
Environmental Affects Associated with 

Proposed Treatment 
As described in Chapter 1, because of hlgh bacterial levels during the summer 
season, the Minlstry of Health has required the Wad1 Sir, Qairawan, DeeMels, 
and Qantara pumping stations to be shut down As a result, many residents in 
the distribution zones of each spring receive water only once every 10 to 14 days 
from other zones The loss of these potable water sources has Imposed 
extreme hardship on local residents and Increased public health risks to 
approxlrnately 125,000 people To address the emergency need for drinklng 
water in these locations by May 1998, USAlD is supporting the rehabilitation of 
these priority springs through the ~nstallation of package water treatment plants 
which provide filtration This chapter discusses the environmental affects 
associated with installation of the treatment plants and the pumplng station 
modifications necessary to Install the units 

4.1 Wadi Sir 

Sprrng Product~on Capab~l~tres 

Summarizing from Section 2 1 2, the most frequent flow according to the 
distr~butlon of measurements over the last 59 years is 250 m3/ hr According to 
WAJ, flow averages over the last five years have been 350 m31hr in the summer, 
500 m3/hr in the wlnter, with an annual average of 400 m3/hr 

Water Demand and Capac~ty of Ongrnal Conveyance System 

According to a review of the existlng pump arrangement at the Wadi Sir pump 
statlon and discussions with WAJ engineers, an average of 350 to 400 m3/hr is 
delivered on a regular basis to 70,000 people Water leaving the Wadi Sir 
pumplng statlon IS chlorinated and pumped through three main lines to (1) Al 
Hussein Medical Clty, (2) a reservoir whlch serves resldents of Wad1 Sir, and (3) 
several small villages 

WAJ engineers estimated that approxlrnately 65% of the flow IS delivered to the 
Wad1 Sir reservoir to serve Wadi Sir resldents About 20% of the flow IS 

delivered to the vlllages of Eraq Al-Amer, Um-Asus, Bader, and other smaller 
dispersed villages (Eraq Al-Amer is projected to grow In the future ) The 
remaining 15% IS pumped to the Al Hussein Medical City 
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Chapter 4 
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Consumption Pattern 

Because of high fecal coliform levels, MOH has frequently required this source to 
be shut down Indeed, at the time of this study (November 1997), the pumping 
statlon was shut down due to high fecal coliform levels 

When the Wadi Sir spring is shut down, a valve is opened at the Wadi Sir pump 
station so that water can be drawn from other water sources in the supply 
network, including the AI Hedan wells and Zay systems When this happens, the 
water supply available to residents in South Amman and Madaba, who depend 
on those sources, is reduced When the Wadi Sir spring is shut down and the 
system supplemented with water from the Al Hedan wells and Zay systems, 
beneficiaries of the Wadi Slr system also receive much less water than usual or 
needed, and even that, only periodically For example, the hospital receives 30 
to 40 m3/hr of flow only one day per week, the villages receive I00  m3/hr of flow 
only two days per week, and the Wadi Sir reservoir is provided with 250 m3/hr of 
flow only two days per week 

To make up for this reduced supply of water, vendors deliver water to residents 
in tanker trucks Unfortunately, according to local reports many of these vendors 
fill their trucks with the contaminated spring water and then sell it to residents 
(The authors of this report observed this during the site visits as well ) 

Potential Sources of Contamination and Proposed Technology 

The primary sources of contamination are bacteria and other pathogens WAJ 
engineers speculate that drainage from cesspit tanks and surface water drainage 
may contribute to the bacterial contamination As discussed in Chapter 3, the 
proposed technology to address this problem at Wadi Sir IS filtration 

Impacts from Proposed Technology 

+ Health Benefits and Quality of Life 

The loss of thls potable water source has increased public health risks to 
approximately 70,000 people Depending on water consumption, improved 
treatment at the Wad1 Sir spring would mean as many as 70,000 residents per 
day would have access to a reliable, safe water source The increased 
avallabrlity of water will have a positive effect on publrc health, includ~ng the 
provlslon of adequate water for sanrtatlon 

The project would greatly Improve the quantlty and qual~ty of water available to 
the Al Hussein Medical Clty, the villages of Eraq Al-Amer, Um-Asus, Bader, and 
other smaller dispersed villages, and portions of greater Amman In addition, this 
project would reduce the need to divert water from the Al Hadan and Zay 
systems, thereby increasing the amount of water available to residents of South 
Amman and Madaba 
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+ Wastewater Production 

Wastewater produced from dellvery of water to homes IS collected and 
transferred to the Wad1 Slr wastewater treatment plant or IS dlsposed of In 
cessplts WAJ engineers indlcate that most wastewater generated by the Al 
Husseln Medlcal Clty and urban households served by the Wad1 Slr sprlng IS 

collected and conveyed to the Wad1 Sir wastewater treatment plant, a new faclllty 
wlth secondary treatment that has been In operation for only one year Although 
all households In the Wad1 Slr area are served wlth sewer service connections up 
to thelr property boundary, many are not yet connected to the sewage system 
They rely on cessplts Slmllarly, wastewater from the vlllages IS dlsposed of In on- 
slte cesspits or IS conveyed to the new wastewater treatment plant In Wad1 Slr. 

lnstallat~on of a package water treatment plant at the Wad1 Slr sprlng would mean 
that overall water dellver~es to beneflclarles would Increase dur~ng the summer 
months, slnce up to now, the sprlng has frequently been shut down due to h~gh 
bacterial counts The volume of water and wastewater would be the same as 
those portlons of the year when the water source IS not contammated 

4 Backwash Water Dlsposal 

Fllters will have to be regularly backwashed when the dlfferentlal pressure across 
the fllter becomes too great That IS, flow wlll have to be reversed per~odlcally 
through the fllter to remove the particulate matter from the filter Depending on 
the WTP technology selected, the length of the backwash cycle can be relatively 
short, often as short as three mlnutes However, the number of backwash cycles 
will depend on the amount of suspended materials, turbldlty, and particulates In 
the Influent water In the case of Wad1 Sir, turbldlty IS expected to occur less 
than 10 days per year, I e , In the wlnter when run-off IS h~gher than normal 

A sewage collection system IS available near the locatlon where the Wad1 Slr 
package treatment unlt will be Installed Thus, chlorlnated backwash water from 
the treatment unlt can be released Into the sewage system (The collector IS 

located 20 to 30 m from the Wad1 Slr pumplng statlon ) The backwash water will 
then be conveyed to the Wad1 Slr wastewater treatment plant 

There are no known archeologlcal rums at thls slte Nearly all construction IS 

env~s~oned to take place w~th~n the ex~st~ng pump stat~on facll~ty However, an 
archeologist will be retamed to conduct an archeologlcal survey at the slte and 
will propose adequate measures for mltlgat~ng negatlve Impacts to ensure that 
the project meets provlslons of Antlqu~tles Law No 21, 1988, especially Art~cles 6, 
13, 14, 15, 16and29 
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4.2 Qairawan 

Spring Productron Capabiiit~es 

As mentloned In Section 2 2 2 , the most frequent flow according to the 
dlstrlbutlon of measurements over the last 59 years IS 125 m3/ hr (w~th a 
maximum flow of 359 m3/ hr and a mlnlmum flow of 60 m3/ hr) According to 
WAJ, flow averages over the last five years, have been 120 m3/hr in the summer, 
170 m3/hr In the wlnter, wlth an annual average of I 50  m3/hr 

Water Demand and Capacity of Origlnal Conveyance System 

According to a review of the existlng pump arrangement at the Qalrawan pump 
statron and d~scussions wlth WAJ englneers, an average of 150 m3/hr IS delivered 
on a regular baas to 30,000 people Water leavlng the Qalrawan pumplng 
statlon IS pumped through three main llnes to (1) the network of Al Saru area near 
Jerash, (2) an old reservolr whrch serves part of Jerash, and (3) a new reservolr 
wh~ch also serves water distrlbutlon networks In Jerash 

Consumptlon Pattern 

Although the Qairawan pumping station IS currently on Ilne, when fecal col~form 
counts are greater than 25 MPN per 100 ml, the pumps are shut down to comply 
wlth MOH regulations (This was the case in November 1997, less than a month 
before the authors' slte visit ) 

Potential Sources of Contamination and Proposed Technology 

The primary sources of contamination are bacteria and other pathogens WAJ 
englneers speculate that dralnage from cessp~ts and surface water dralnage may 
contribute to the bacterial contam~nat~on As discussed in Chapter 3, the 
proposed technology suggested for Qairawan is filtration 

Impacts from Proposed Technology 

+ Health Benefits and Quality of Llfe 

The loss of these potable water sources has Increased publ~c health r~sks to 
approximately 30,000 water reclplents Improved treatment at the Qalrawan 
Spr~ng would mean as many as 30,000 residents of Jerash would have access to 
a reliable, safe water source The Increased avallablllty of water will have a 
posit~ve effect on public health, includ~ng the provlslon of adequate water for 
sanltatlon 

+ Wastewater Product~on 

WAJ englneers estimate that 10 to 25% of homes served by the Qalrawan spring 
dlspose of wastewater In some type of on-slte cesspit WAJ engineers estlmate 
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that 75 to 90% of wastewater generated by these residents IS collected and 
transferred to the Jerash wastewater treatment facility 

lnstallat~on of a package water treatment plant at the Qairawan sprlng would 
mean that overall water dellverles to beneflclaries would Increase durlng the 
summer months, since In the past the sprlng has frequently been shut down due 
to high bacterial counts However, the volume of water and wastewater In these 
summer months would st111 be consistent wlth delivery capacities when the water 
source IS not contammated 

+ Backwash Water Disposal 

Filters will have to be backwashed regularly when the dlfferentlal pressure across 
the filter becomes too great That IS, flow wlll have to be reversed periodically 
through the fllter to remove the particulate matter from the filter Depending on 
the technology selected, the length of the backwash cycles can be relatively 
short, often as llttle as three minutes The number of backwash cycles will 
depend on the amount of suspended materials, turbidity, and particulates In the 
Influent In the case of the Qalrawan, llttle turbldlty IS expected, except perhaps In 
spring when runoff IS hlgher than normal 

A sewage collect~on system is available near the locatlon where the Qa~rawan 
package treatment unlt will be Installed As a result, chlorinated backwash water 
from the water treatment system will be need to released into this wastewater 
system The collector IS located only 10-15 m from the Qalrawan pumping 
statlon The backwash will then be conveyed to the Jerash wastewater treatment 
plant 

+ Archeological Considerations 

A visual archaeological survey has been conducted by traversing across the area 
and surveying at intervals deslgned to locate buried resources Histor~cal 
archaeolog~cal ruins have been identlfled In the eastern section of the Qalrawan 
pump station compound The location of these remains have been noted and 
mapped (see Figure 2-3) These ruins date from the Roman perlod A recently 
constructed stone and reinforced concrete structure covers these rums They are 
located uphlll and upstream from where the majorlty of the spring water IS 

captured today 

The package treatment plant will be Installed near the pump room (see Flgure 
3-4) Few major structural plant modif~cat~ons are envlsloned for ~nstallation of 
the package treatment unlt Some leveling andlor the removal of an Interlor wall 
may be necessary for installation of the proposed package unit, these areas, 
however, are at least 15-20 m from the histor~cal area In addition, roofing and 
provisions for heatlng may need to be installed If levellng or the removal of the 
wall, or ~nstallation of roofing and heating un~ts is necessary, precautions will be 
taken to ensure that there is no disturbance to the archeological runs 

A reservoir to store treated water is planned for the southern section of the 
pumphouse compound This area IS located at least 34-50 m from the historical 
portlon of the site Up to one meter of earth may need to be excavated to build 
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the foundation for thls reservoir This work will be performed cautiously to ensure 
that no exlsting antiqultles are disturbed and that any unearthed ruins are 
immediately identified An archeologist w~ll be retalned to conduct an 
archeolog~cal survey at the site and will propose adequate measures for 
mitlgatlng negative impacts to ensure that the project meets provisions of 
Ant~quitles Law No 21, 1988, especially Articles 6, 13, 14, 15, 16 and 29 

4.3 Qantara 

Spr~ng Production Capabilities 

Summarizing from Sect~on 2 3 2 , the most frequent flow according to the 
distr~bution of measurements over the last 59 years IS 110 m3/ hr (with a 
maxlmum flow of 335 m3/ hr and a minimum flow of 10 m3/ hr) Accord~ng to 
WAJ, flow averages over the last f~ve years, have been I00  m3/hr In the summer, 
150 m3/hr In the wlnter, with an annual average of 120 m3/hr 

Water Demand and Capacity of Original Conveyance System 

According to a revlew of the existing pump arrangement at the Qantara pump 
station and d~scusslons with WAJ engineers, an average of 120 m3/hr is del~vered 
on a regular basis to 25,000-30,000 people Water leaving the Qantara pumplng 
station IS pumped through two main lines to the d~strlbution networks in Ajlun and 
Kufrangeh 

Consumption Pattern 

When fecal coliform counts are greater than 25 MPN per I00  ml, thls source IS 

shut down to comply wlth MOH regulations (At the t~me of the authors' vislt, the 
source was shut down ) When thls occurs, the supply to residents In Ajlun and 
Kufrangeh is significantly reduced, and water is provided on ratloned basis from 
other zones in the dlstributlon network 

Potential Sources of Contamination and Proposed Technology 

Contamination IS due mainly to bacteria and other pathogens Approximately 100 
to 200 homes dispose of their sewage in a wadi located 2 km upstream from the 
spring WAJ engineers speculate that dralnage from the wad1 may contribute to 
the bacterial contamlnatlon In the sprlng WAJ engineers indlcate that conceptual 
plans have been developed to Install approx~mately 600 m of sewage collector 
plpe on one slde of the wad1 and approxlmately I000 m on the other side These 
plans, however, may take 2 to 3 years to be fully Implemented WAJ engineers 
are anxlous to provide a solutlon for Improved water quality at the Al Qantara 
sprlng by May 1998 The proposed technology being suggested IS filtration 
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Impacts from Proposed Technology 

+ Health Beneflts and Quallty of Llfe 

The loss of thls potable water source has Increased publlc health rlsks to 
approximately 25,000-30,000 water recipients and Imposed hardshlp on them 
Improved treatment at the Qantara sprlng would mean up to 30,000 res~dents of 
Ajlun and Kufrangeh would have access to a reliable, safe, water source The 
Increased avallabll~ty of water will have a posltlve effect on publlc health, including 
provlslon of adequate water for sanitation 

+ Wastewater Production 

Of the 25,000 to 30,000 res~dents In Kufrangeh and Ajlun, WAJ engineers 
estlmate that 10 to 25% have some type of existing on-s~te cesspits for 
wastewater disposal, whlle 75 to 90% are connected to a sewage collectlon 
system That system, servlng both communit~es, terminates at the wastewater 
treatment plant In Kufrangeh The plant has b~ologlcal treatment 

lnstallat~on of a package water treatment plant at the Qantara spring would mean 
that overall water deliveries to beneflclarles would Increase during the summer 
months, since In the past the sprlng has frequently been shut down due to hlgh 
bacterial counts However, the volume of water and wastewater would st111 be 
consistent wlth delivered capacltles when the water source IS not contammated 

+ Backwash Water Dlsposal 

Fllters will have to be regularly backwashed when the dlfferentlal pressure across 
the filter becomes too great That IS, flow will have to be perlodlcally reversed 
through the filter to remove the particulate matter from the fllter Depending on 
the technology selected, the length of the backwash cycles can be relat~vely 
short, often as llttle as 3 mlnutes The number of backwash cycles needed will 
depend on the amount of suspended materials, turbld~ty, and particulates In the 
Influent water In the case of Qantara, llttle turbidity IS expected, except perhaps 
In spring when runoff is higher than normal 

No sewage collect~on system IS available near the locatlon where the Qantara 
package treatment unlt will be installed Thus, chlorinated backwash water from 
the system will be need to released into a nearby wadi Plans call for 
approximately 1000 m of sewer collector pipe to be Installed on the far side of the 
wadi Although these plans are only conceptual, if implemented, the backwash 
water from the Qantara treatment unlt could be connected to the sewage 
collectlon system and conveyed to the Kufrangeh wastewater treatment plant 

There are no known archeological runs at thls slte Nearly all construction IS 
envisioned to take place wlthln the exlstlng pump statlon faclllty and reservoir 
area An archeologist will be retalned to conduct an archeological survey at the 
site and will propose adequate measures for mitigating negatlve Impacts to 
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ensure that the project meets provlslons of Ant~quitles Law No 21, 1988, 
especially Articles 6, 13, 14, 15, 16 and 29 

Spring Production Capabilities 

Summar~zlng from Section 2 4 2 , the most frequent flow according to the 
distribution of measurements over the last 59 years is 85 m3/ hr for the Deek 
spring, 75 m3/ hr for the Tels spring, and 160 m3/ hr for the combined flow 
According to WAJ, combined flow averages over the last flve years, have been 
120 m3/hr, with an average of 50 m3/hr origlnatlng from the Deek sprlng and 70 
m3/hr or~glnating from the Tels sprlng 

Wafer Demand and Capacity of Original Conveyance System 

According to a revlew of the existing pump arrangement at the Deek/Tels pump 
station and discussions with WAJ engineers, an average of 120 m3/hr IS delivered 
on a regular baas to 30,000 people Water leaving the Deek/Teis pumping 
station is pumped through three main llnes to the water distrlbut~on networks In 
Gaza refugee camp, the Debein area, and the village of Kltah 

Consumption Pattern 

When fecal collform counts are greater than 25 MPN per 100 ml, thls source IS 

shut down to comply with MOH regulations (The Deek spring was shut down at 
the tlme of the authors' visit ) Water was belng produced from the DeeklTeis 
pumplng statlon at a reduced rate (approxlmately 70 m3/hr) As a result, the Gaza 
refugee camp, the Debeln area, and the village of K~tah were berng suppl~ed with 
water only on an intermittent baas 

Potential Sources of Contamination and Proposed Technology 

Contamination IS primarily caused by bacteria and other pathogens WAJ 
engineers speculate that drainage from septic tanks and surface water drainage 
may contribute to the bacterial contaminat~on In the case of the Deek spring, 
some contamination may be the result of rodent activity near the sprlng source 
As discussed In Chapter 3, the proposed technology for Deek/Teis IS flltratlon 

Impacts from Proposed Technology 

, + Health Benef~ts and Quality of L~fe 

The loss of these potable water sources has Increased publlc health risks to 
approxlmately 30,000 water rec~pients and lmposed hardshlp on local resldents 
Improved treatment at the DeekITels pump stat~on would mean as many as 
30,000 resldents of the Gaza refugee camp, Debein area, and village of K~tah 
would have access to a reliable, safe, water source The increased ava~lab~lity of 
water will have a pos~tive effect on publlc health, ~ncluding provision of adequate 
water for sanitation 
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+ Wastewater Productron 

WAJ englneers est~mate that nearly all the res~dents In the servlce area have 
some type of on-site cessplts for wastewater d~sposal, and that none of these 
areas are connected to formal sewage collectlon systems Because MOH 
proh~b~ts, regulates, and closely monitors dumprng of waste Into wadis In thrs 
area, WAJ engineers belreve that nearly all residents In the Deek/Tels area are 
using some type of acceptable on-slte wastewater drsposal system Staff of WAJ 
are currently dlscusslng potentral wastewater treatment projects for the Deek area 
with forelgn donors If a wastewater collectlon and treatment system IS 

implemented In the future, ~t wlll provlde a hlgh degree of treatment for 
wastewater 

lnstallatlon of a package water treatment plant at the Deek/Ters pump station 
would mean that overall water del~verles to benef~c~arles would Increase durlng 
the summer months, slnce In the past the sprlng has frequently been shut down 
due to hlgh bacterial counts In the summer The volume of water and wastewater 
would strll be consistent wlth delivered capacltles when the water source IS not 
contamlnated 

+ Backwash Water Drsposal 

Filters wrll have to be regularly backwashed when the d~fferential pressure across 
the frlter becomes too great That IS, flow will have to be per~odlcally reversed 
through the fllter to remove the part~culate matter from the filter The length of the 
backwash cycles IS relatively short, often as short as three mlnutes The number 
of backwash cycles needed will depend on the amount of suspended materials, 
turbld~ty, and particulates In the Influent water In the case of the DeekITers 
sprlngs, llttle turbldrty IS expected, except perhaps In sprlng when runoff IS hlgher 
than normal 

There IS no sewage collectron system near the locatlon where the DeekITels 
package treatment un~t will be Installed However, a wad1 IS located drrectly 
adjacent to the pumping statron As noted earller, the Deek and Tels sprlngs are 
located on each slde of a large wad1 Currently, water from several other smaller 
sprlngs located on both sldes of the wadr dram Into the wadi bottom Whlle some 
of thls flow IS removed for ~rr~gatron, WAJ engineers estlmate a summer flow of 60 
m3/hrl and even more In winter Slnce there IS no sewage collect~on system 
avarlable near the locatron where the water treatment faclllty will be Installed, 
chlorinated backwash water wlll have to be released Into thls wad1 Because 
water 1s flowlng In the  wad^, backwash water from the DeeklTe~s treatment facil~ty 
will be diluted when released Into the wad1 

There are no known archeological rums at thrs slte Nearly all constructlon IS 

envlsloned to take place wlth~n the exrstlng pump stat~on facility and reservoir 
area An archeologist will be retained to conduct an archeolog~cal survey at the 
slte and will propose adequate measures for mlt~gat~ng negat~ve Impacts to 
ensure that the project meets provlslons of Antlqultles Law No 21, 1988, 
especially Artlcles 6, 13, 14, 15, 16 and 29 
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4.5 Kafrein 

Well Production Capabilities 

The Kafrein site is located 200 m below sea level and consists of 3 wells. WAJ 
design engineers intend to use 255 m3/hr from Kafrein wells #12, # I  1, and M A  to 
supply water to seven planned hotels and exlsting populatrons in Suweimeh, Al- 
Ramah, and Jofa The fixed-well yield from wells #12, # I  l, and M A  are 80 m3/hr, 
50 m3/hr, and 125 m3/hr, respectively. 

Water Demand and Capacity of Original Conveyance System 

WAJ engineers indicate that the water demand for the region is 9600 m3/day (or 
400 m3/hr); thus the 255 m3/hr from the Kafrein wells meets approximately 64% of 
the total service demand Another wellfield, Karama, IS planned to provrde 
additional supply to the site; however, according to WAJ engineers, iron will need 
to be removed at the Karama sites. Roughly 50% of the 9600 m3/day demand is 
projected to be delivered to the hotels 

Consumption Pattern 

Because there is no existing distribution system, no consumption pattern has 
been established Because these wells are not contaminated with coliform, 
temporary service shut-offs to protect public health are not anticrpated 

Potential Sources of Contamination and Proposed Technology 

The primary source of contaminat~on at Kafrein is sulfur and high turbidity As 
discussed in Chapter 3, the proposed technology being suggested includes 
aeration towers, filtration, and clarification. 

Impacts from Proposed Technology 

+ Health Benefits and Quality of Life 

Depending on consumption levels, water from the Kafrein wells could serve as 
many as 50,000 residents per day (based on an average residential consumption 
of 120 I/c/d) The increased avallabrllty of water will have a positive effect on 
public health, including provision of adequate water for sanitation. 

The project, involving construction of pipelines and treatment, will greatly improve 
the availability of water to at least three communitres The project is also l~kely to 
be associated w~th increases in tourist development, a rapidly expanding 
economic interest of the area. 

+ Wastewater Production 

With the Increase of water supply to the comrnun~ties of Suweimeh, Al-Ramah, 
and Jofa and the new hotels, there will be an increase in wastewater produced. 
Construction on two hotels has already begun WAJ engineers estimate that in 
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all, seven hotels may be constructed withln the next two to three years. At thls 
polnt, the hotels have not yet submitted any treatment plans to the WAJ for 
wastewater they generate However, under the dlrectlon of the Jordan Valley 
Authority, a design has been prepared for a central wastewater treatment plant 
whlch would treat wastewater from the hotels To date, no tender package has 
been advertised for construct~on of thls plant 

Wastewater generated by residents of Suwelmeh, Al-Ramah, and Jofa 1s 
dlsposed of in on-slte cesspits The Increased avallabillty of water from the 
Kafreln wells will Increase the volume of wastewater going Into these plts 

I 4 Backwash Water Dlsposal 

Filters will have to be regularly backwashed when the dlfferentlal pressure across 
them becomes too great That IS, flow will have to be perlodlcally reversed 
through the filter to remove the particulate matter from the filter. The number of 
backwash cycles will depend on the amount of suspended materials and 
particulates in the Influent water In the case of the Kafreln wells, hlgh turbidity 1s 
expected, especially lnltlally, when the wells are pumped at thew flxed well-yleld 
capaclty Thus, the number of backwash cycles required 1s expected to be hlgher 
than those for the four prlorlty springs 

No sewage collection system IS available near the locatlon where the Kafrein 
package treatment unlt will be Installed As a result, chlorinated backwash water 
from the system will be released Into a nearby wad1 A raw water plpe from the 
well-field conveyance system can be connected to the backwash dlsposal pipe to 
provide dllutlon of backwash water if needed 

I + Aqulfer Recharge 

WAJ design engineers plan to pump 255 m3/hr from Kafreln wells #12, #I 1, and 
#4A to supply water to approximately seven hotels and some areas In the 
Suweimeh region Currently, these three wells are flowlng arteslan wells, I e , 
these wells have been drilled through overlying lmpervlous layers Into a conflned 
aqulfer The conflned pressure causes each of them to free flow In the range of 
10 to 30 m3/hr 

WAJ staff have pump tested each of the three wells The results are shown In I Table 9 
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TABLE 9 
Kafrein Pump Test Results 

Geolog~sts from the WAJ Well Comm~ttee and the Dlrector of the WAJ Water 
Study Department lndlcate that they do not expect to overdraft the aqulfer since 
the wells are flowlng They belleve that the water from the wells 1s produced from 
the Kornub aqu~fer, a renewable aqu~fer The Kornub aqulfer IS approx~mately 
300 to 350 m In thickness and IS composed of sandstone The top of the Kornub 
aqulfer IS at approxlmately 420 m of depth (and therefore extends to 720-770 m 
of depth ) Underlying thls aqulfer IS the Zarqa aqulfer whrch 1s sallne 

Although no lnformatlon IS available on natural recharge of the Kornub aqulfer, 
geolog~sts from the WAJ Well Comm~ttee and the D~rector of the WAJ Water 
Study Department lndlcate that they plan to develop a mon~torlng network for the 
Kafreln area uslng at least two new mon~torlng wells and the other Kafreln wells 
not belng used for thls water supply project The Dlrector of the WAJ Water 
Study Department hopes that the mon~torlng system w~ll be completed before the 
Kafreln transmlss~on and dlstr~but~on plplng system 1s constructed Currently, the 
WAJ also has no ~nformat~on on the potent~al for art~flc~ally rechargtng the aqu~fer 

WAJ 
Recommended 
Pumping Rate for 
Design 

80 m3/hr 

50 m3/hr at a 
drawdown of 240 
meters 

125 m3/hr wlth the 
depth of pump at 
100 meters 

255 m31hr 

The WAJ staff have trled to mlnlmlze any saltwater lntruslon In the aqulfer by 
drlll~ng wells to levels above the Zarqa aqu~fer whlch becomes more sallne wlth 
depth As noted above, the Zarqa aqu~fer beglns at approxlmately 720 to 750 m 
of depth The depth of each well IS shown In Table 10 

Well Yleld - Fixed 
Well Production 
Rate at Level of 
Drawdown 

80 5 m3/hr 

77 8 m3/hr 

125 m3/hr 
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Drawdown 
durlng 
pumping test 

342 m 

223 55m 

31 5m 

Well 

Kafreln 
Well # 12 

Kafreln 
Well # I I 

Kafreln 
Well # 
4A 

Total 

Static 
Water 
Level 

Flowlng, 
10-m3/hr 

Flowlng, 
1 0-m3/hr 

Flowlng 
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TABLE 10 
Depth of Kafrein Wells 

The major sources of water from a well drilled In a confined aquifer are (1) water 
moving through the aquifer toward the well, (2) water forced from the aqulfer by 
compaction caused by the welght of overlying sediments, (3) water expansion 
resulting from reduced pressures in the aquifer, and (4) water forced from 
surrounding aquicludes by compaction (Drlscoll 1987) When precipitation is 
Inadequate to compensate for discharges from an aquifer or when heavy 
pumping takes place, the water level In an aqulfer gradually falls over time 
Although groundwater IS a renewable resource, ~t can be temporarily depleted ~f 
good groundwater practices are not observed Good groundwater management 
requlres adequate lnformatlon on the volume of water in storage and how thls 
volume varles wlth time Data on groundwater storage are obtalned by perlodlc 
measurements of the depth to water (or the height of the watertable surface) from 
some reference polnt 

Well 

Kafre~n Well # 12 

Kafre~n Well # 1 1 

Kafre~n Well # 4A 

The WAJ currently does not have historical data on groundwater storage and 
pumping In the Kornub aqu~fer In the Kafreln region, they do, however, have a 
conceptual plan for monitoring the watertable In the area for changes The WAJ 
should be encouraged to Install this monitoring network through the Water Study 
Department and Well Committee Thls monltorrng program will help provlde data 
on the recharge capabil~tres of the Kornub aqulfer located near the Kafrein wells 

Depth 

620 m 

700 m 

570 m 

+ Archeological Considerations 

There are no known visible archeological rums at this site In general, 
construct~on personnel should use caution durlng any excavation works 
associated with implementation of this design An archeologist will be retamed to 
conduct an archeological survey at the slte and will propose adequate measures 
for mltlgating negative impacts to ensure that the project meets provisions of 
Ant~qu~t~es Law No 21, 1988, espec~ally Art~cles 6, 13, 14, 15, 16 and 29 
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Each spring pumplng station IS frequently shut down durlng the dry season due 
to poor water qual~ty As a result, the WAJ and local water users are strongly 
urging ~nstallation of treatment fac~l~t~es that w~ll allow dellvery of adequate water 
suppl~es during the next dry season whlch starts In May 1998 Thls chapter 
includes a general d~scuss~on of the priority order of slte lnstallat~ons and the 
fast-track schedule necessary to complete ~nstallatlon by May Thls chapter also 
Includes a d~scuss~on of the budget and contracting mechan~sms necessary to 
accompl~sh s~te preparat~on, ~nstallat~on, and start-up of the package WTPs 

5.1 Priority of Site Installations 

WAJ engineers and water quallty staff have priorit~zed the water resources that 
are In cr~tlcal need of qual~ty treatment as follows 

Priority Site 
1 Wad1 Slr Spr~ng 
2 Qairawan Spring 
3 Qantara Spring 
4 DeekITels Spr~ng 
5 Kafre~n Wells 

Wad1 Sir IS the largest of the sprlngs, producing more than twlce as much water 
as any of the others It IS located In an urban area and serves 70,000 residents 
lnclud~ng patlents and staff In the Al Husse~n Med~cal Clty, as well as three other 
vlllages As a result, ~t IS considered the top prlor~ty among crlt~cal water 
resources in need of treatment 

The Qalrawan sprlng is also located in an urban area and serves water users In 
the clty of Jerash and surrounding areas It IS the second largest sprlng In need 
of qual~ty treatment, and as a result, IS llsted second In prior~ty 

Qantara and DeeklTels reservoirs prov~de simllar volumes of water The 
DeekITeis system IS composed of two spnngs, and only the Deek spring 
becomes contamined during the dry season The Tels spring 1s st111 able to 
produce acceptable water. In ranklng the sprlngs for urgent attention, the 
Qantara water resource has h~gher prror~ty than the DeeklTeis system, slnce the 
former produces no water at all when the spring IS shut down due to 
contamlnatlon 

Over the next five years, several new hotels are expected to be constructed and 
operat~ng near the eastern coast of the Dead Sea The adjacent commun~ties of 
Suweimeh, Al-Ramah, and Jofa are llkely to expand as a result of th~s  new 
development The Kafrein water source IS several k~lometers away from the 
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three communities and the hotel sites Thls slte is considered by the WAJ to 
have a lower prlorlty than the springs, slnce no dlstributlon system exlsts and 
because the springs have been fully functioning in the past wlth established 
service populations who rely on them for water 

5.2 Milestone Schedule 

A project schedule IS given below It indicates Important milestones which must 
be met to achleve installation and operation requirements at each priority slte In 
accordance wlth WAJ's desired schedule 

Project Milestone Schedule* 

Nov I 
Nov 20 

Nov 22 
Dec 5 
Dec 9 
Dec 15 
Dec 22 
Jan 1 
Jan 10 

Jan 15 
Jan 15 
Jan 30 
March 15 
April I 5  
May 15 
May 31 
July 31 
Jan 31 

Assessment beglns 
Approval for llmlted procurement among water equlpment vendors 
received from USAlD 
Draft Assessment Report to USAlD and WAJ 
Tender documents to vendor 
Report approval from USAIDNVAJ 
Responses due from vendors 
Select vendor to begln equipment fabrication 
Begin Kafrein design 
USAlD finalizes contract with construction contractor who will carry 
the equlpment vendor as a subcontractor 
Begin equlpment fabr~cation 
Kafrein land acquisition finalized - WAJ 
Construction contractor begins slte preparation 
Kafreln deslgn completed - drawings and specs 
Equipment shlpped to Jordan 
Clear customs and transport equipment to site 
Start installing equlpment at first slte (Wad1 Slr) 
lnstallat~on completedlstart of O&M perlod 
Completion of O&M period and Phase I of project 

* schedule as of December 31, 1997 

5.3 Contracting Mechanism 

USAlD and WAJ have determ~ned that a deslgn-build approach IS the most 
appropriate mechanism to complete the design, fabr~cation, shipping, 
construction, installation, start-up, and operation of water treatment units at the 
four priority springs A primary advantage of a design-build process IS that 
coupling deslgn with construction can condense the total life of the project In 
addition, the contractor and designer can work together to maximize efficiency 
and identlfy methods that can potentially lead to lower costs for the client 

Under the deslgn-bulld approach, consultants from the Environmental Health 
Project (EHP) will manage the development and installation of water package 
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treatment unlts at the four pr~or~ty srtes and develop a des~gn for the Kafre~n 
water supply system Plans for the Kafre~n system w~ll Include the plplng system 
from three wells to the treatment un~t and des~gn of the treatment un~t w~th 
appropr~ate water storage facll~t~es Gwen the urgent need to Install the WTPs 
before the next dry season and the llmlted t~me to fabr~cate and sh~p the unlts, ~t 
will not be poss~ble to develop formal tender documents to procure the WTPs 
and the construct~on work through standard USAlD procurement procedures 
Instead, USAlD has elected to follow procurement regulat~ons for urgent and 
compell~ng needs whlch walve the requ~rement to conduct a formal compet~t~on 
A l~m~ted compet~t~on has been conducted among U S -based package treatment 
plant suppl~ers Each vendor was prov~ded w~th crlterla for select~on and 
techn~cal lnformat~on ~nclud~ng s~te plans and water qual~ty ~nformat~on A vendor 
has been ldent~fled based on the evaluat~on of technical and flnanc~al tenders, 
and IS In the process of be~ng selected The equ~pment procurement IS expected 
to be approx~mately $2 mllllon 

USAlD has ldent~f~ed a U S constructlon contractor w~th experience In Jordan to 
perform s~te preparat~on and construct~on modlf~cat~ons necessary to Install the 
treatment unlts at the ex~st~ng sprlngs and pump statlon locat~ons To promote 
fast-track project lmplementatlon and ensure coord~natlon of fabr~cat~on, 
shlpplng, and slte preparat~on efforts, USAlD will contract w~th the construct~on 
contractor In a manner whlch requlres the construct~on contractor to procure the 
treatment un~ts Under th~s des~gn-bu~ld arrangement, the des~gnerlmanager, 
constructor, and fabr~cator can work together In an effic~ent manner to 

I accomplish the project In the shortest posslble t~meframe The comb~ned 
contract for construct~on services and the llmlted WTP procurement IS expected 
to cost approx~mately $3 4 m~ll~on For a breakdown of these costs by ate, see 
the budget In Sect~on 5 4 

As the manager of the des~gn-bulld process, EHP will work w~th the constructlon 
contractor to exped~te the fabr~catlon, sh~pment, ~nstallat~on, and start-up of the 
package treatment plant equ~pment Work~ng w~th the manufacturer, the 
construct~on contractor w~ll prov~de the warranty for the equ~pment as well as 
tra~n~ng In operat~on and maintenance 

5.4 Budget 

The est~mated budget for the des~gn-bu~ld project (as of December 31, 1997) IS 
I shown below It is based on the VVTP equipment proposal subm~tted by Smith 

and Loveless Estimates for s~te civil, mechanical, and electrical work are based 
on figures obtalned from the Morganti Group, a U S contractor, operat~ng In 
Jordan Thls budget could Increase because of unforeseen clv~l, electrical, and 
mechan~cal mod~f~cat~ons encountered durlng constructlon 
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I Englneer~ng Technical Assistance for Part I 
Design of the Kafreln water supply and 
treatment system 

II Wad1 Slr Spr~ng 
Package Treatment Plant Equ~pment 
Construct~on Serv~ces 

Subtotal I1 

Ill Qalrawan Sprlng 
Package Treatment Plant Equ~pment 
Constructlon Serv~ces 

Subtotal Ill 

IV Qantara Spr~ng 
Package Treatment Plant Equ~pment 
Constructlon Servlces 

Subtotal IV 

V DeeWTels Spr~ng 
Package Treatment Plant Equipment 
Constructlon Serv~ces 

Subtotal V 

VI Spare Parts, Shlpplng, O&M Tralnlng, Pumps 
and Air Compressors for all 4 prlorlty s~tes 
Spare Parts 
Sh~pp~ng 
O&M Trainlng 
Pumps and Compressors 

Subtotal VI 

Total Draft Budget 

5.5 Project Schedule 

A projected schedule for th~s work IS shown In Figure 5-1 
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In addltlon to the technlcal and environmental conslderatlons assoclated wlth 
~nstallatlon of the treatment unlts, several other lssues should be considered 
They Include a water resource protectlon program, she-speclflc technlcal 
recomrnendatlons, operattonal recomrnendatlons, and the flnanclal susta~nab~l~ty 
of operating the treatment unlts Thls chapter Includes a brlef d~scussion of 
these lssues 

6.1 Water Resource Protection Program 

The presence of collform and n~trate In groundwater sources 1s cause for 
concern, lndlcatlng that the groundwater IS belng Infiltrated dlrectly or indirectly 
from a contamlnated surface water source Typ~cal contamlnat~on sources 
include leakage from cessplts, barnyards, sewage lagoons, agr~cultural 
chem~cals In solls, and anlmal wastes Unfortunately, contam~natlon of 
groundwater IS more serlous than surface water pollution slnce groundwater 
moves more slowly and has less self-cleans~ng capac~ty in contrast to rapldly 
moving freshwater streams, underground water moves very slowly and does not 
have ready access to oxygen supplles Therefore, once contamlnated, 
groundwater tends to remaln In that condlt~on and ceases to be a safe source of 
water supply untll contamlnatlon IS completely flushed out, whlch can take years 
or decades Moreover, contamlnatlon of groundwater IS difficult to detect In a 
trmely manner and requlres special expert~se to pred~ct the path and rate of 
contaminant movement 

Because Jordan relles heavlly on groundwater for drlnklng water, lntenslve 
efforts should be made to prevent ~ t s  contamlnatlon from occurring Land-use 
plann~ng and watershed protectlon can play major roles In protecting 
groundwater quallty, and thus the water supplled from these sources Whlle 
~nstallat~on of package treatment un~ts will Improve drlnklng water quallty In the 
short term, a more Important measure IS to safeguard drlnklng water sources 
over the long term by tak~ng protective actlon A comprehensive lnvestlgatlon 
and ldentlficatlon of sources contr~butlng to contamlnatlon of the springs should 
be undertaken 

As an example, In the case of Qantara, subsurface contamination from cessplts 
and posslbly surface contaminatton from dlsposal of sewage in wadis In the 
upper watershed are bel~eved to be lmpacttng the quailty of thls sprlng To help 
mitlgate such problems, careful conslderatlon should be given to (1) findlng ways 
to Isolate these munlclpal wastes from the groundwater, (2) developing an actlon 
plan to mltlgate the negatlve effects of munlclpal waste, and (3) prlorltizlng the 
act~ons to be taken to address the pollution Measures taken now to protect the 
sprlngs are expected to be much more cost effect~ve In the long run than the 
annual recurring costs assoclated with operation and maintenance of addltlonal 
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water treatment facilities To help identify sources contributing to contamlnation 
of the springs, WAJ laboratories should be provided with the facilities and staff 
trainlng to determine concentrations of cryptosporidium oocysts and giardla 
cysts 

6.2 Site-Specific Technical Recommendations 

There are several operation and maintenance measures that, if undertaken, 
would help promote safer drinking water from the springs The vulnerability of 
temporarily stored water and the integrity of the water reservoir structures at 
each of the springs should be regularly evaluated by WAJ water quality 
engineers Many of the reservoirs at the springs are open to the environment, 
thus exposing the finish water to possible contamlnation For example, the pump 
suction piping at the Wad1 Sir pump station was installed by breaking through the 
reservoirs walls These suction pipe connections were never sealed, which 
exposes the finish water to the environment At the Qantara pump station, 
vegetation was observed in the finish water reservoir At the Deek spring, animal 
feces were observed in the concrete sprlng box At Qairawan, the fine stones 
used to filter the water at the spring bed were dispersed Each of these 
situatrons could be corrected by the implementation of a formal maintenance 
program at each slte 

6.3 Operational Recommendations 

WAJ should commit two full-time employees to operate, maintam, monitor and 
manage each treatment facility Operators should partic~pate in training which 
will be conducted intermittently for six months following installat~on of the VVTPs 

While the operation and maintenance responsibil~t~es vary according to the type 
of filtration technology selected, efforts will be made to select technologies which 
require the least amount of operational management and monitoring Regular 
maintenance of the facilities, including changing filters, oil, fuses, adding required 
chemicals, cleaning filters, installing spare parts, and keeplng an inventory of all 
parts and consumables used and needed will be the responslbllity of the WAJ 
In addition, sudden changes in spring flow, spring turbidity, and electrical power 
fluctuations can impact the integrity of the treatment process and will require 
close observation by operators throughout the life of the treatment facllitles 

6.4 Financial Sustainability 

A major cons~deratron when rdentifying technologies surtable for host-country 
recipients is the level of service which can be sustained Costs associated with 
operating and maintaining a specific level of service should be reflected In tarlffs 
In thls way, tariffs are linked with service delivery, and local util~ties then have the 
ability to obtain revenues to cover operation and maintenance costs 

Costs associated with operating and maintaining the package treatment plants 
should be reflected in tarlffs levied by local utilities In fact, to be fully responsive 
to the WAJ request for installat~on of four package treatment plants, a broader 
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effort than th~s current report should be made to ~dent~fy and incorporate these 
costs Into the context of the ex~st~ng cost-recovery systems Such an effort would 
include revrewlng the financ~al vtab~l~ty of the treatment units (~nclud~ng 
deprec~at~on and replacement costs) and examlnlng the capac~ty of the local 
water and wastewater ~nstitut~ons to recover costs and make Investment 
dec~s~ons. Currently, USAlD IS support~ng a study under the FORWARD project 
to help determine the real cost of water and ldentlfy specific tar~ff Issues that must 
be addressed 
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Contacts 

Abdullah Ahmad - USAID Environment FSN 
Sa'ad Bakrl - Assistant Secretary General, WAJ 
Robert Burke - CDM Cambrrdge Laboratories 
Kaled Al-Gatha - Dtrector, Operatron and Matntenance, WAJ 
Maha Al-Sham1 - CIVII Engtneer, ACE 
Khaled J Al-Qudah - Crvll Englneer 
Jubran Btshoutl - Project Administrator, ACE 
Jean-Pierre Caboufigue - lnfilco Degremont/Aquasource 
Darro Dal Santo - WQIC Project 
Gasson Danan - Construction Engrneer, Morgantl 
Wllllam Flores - Smrth and Loveless 
Brran FraserlTina Gerulart~s - Appllcatlons Engrneers, U S Filter 
Jahad Jamous - Department for Water Quality and Operation, WAJ 
Bob Lake - lnfilco Degremont 
Phil Stefanlnl - CDM Logtstrcs Spectalist 
Stuart Marshall - Smith and Loveless, President of lnternatlonal Divrston 
Mehran Mersthan - Senlor Crvll Engtneer, ACE 
Trm Mlller - USAID Environment Officer 
Jim Occh~alint - Manager, CDM Cambrrdge Laboratories 
Walter Pltts - CDM Water Treatment Speclalist 
Ratib Shblb - Drrnking Water Qualrty Control, WAJ 
Marjorie Shovlin - USAlD 
Wlllram Suratt - CDM Water Treatment Specialist 
Crarg Toutelott - Applrcations Engineer, Capital Controls 
Ahmed Alr Ultlmat - Head, Water Qual~ty Monttorrng Dlvlsron, WAJ 
Jawdat Yaghmour - Officer Manager, ACE 
Nabil Zou'br - Head of Study and Destgn for Water Projects, WAJ 
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Literature Sources 

Ahmad, Abdullah A Jordan Environmental Profile Status and Abatement 
Amman, Jordan, 1989 

Amerlcan Consulting Eng~neers Councll Des~gn/Bulld Understanding and 
Implementmg, Washington D C , 1995 

Bergman, Jacob, and Kenneth Mackenthun Environmental Impact Statements 
Chelsea, MI Lewis, 1992 

Dal Santo et at, "Survey of Ground Water Resources w~th Quality Constraints In 
the Vlcln~ty of Jerash," September 1997 

Dal Santo et all "Survey of Ground Water Resources wlth Quallty Constrants In 
the Vlclnity of Wadi S~r/Ruse~fa," September 1997 

Dnscoll, Fletcher Groundwater and Wells St Paul Johnson, 1986 

Lee, M D and Basteme~jer, T F Drlnking Water Source Protect~on, lnternatlonal 
Water and San~tation Center, 1991 

S~te layouts for Wad1 Sir and other springs provlded by Rat~b Shbib 

lnformat~on on water supply projects for the eastern shore of the Dead Sea 
provlded by Jahad Jamous 

Pump testlng data for Kafre~n Wells prov~ded by Jhad Jamous 

lnformat~on regard~ng five contaminated spr~ng/wells provlded by Dr Marjor~e 
Shovlin 
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I Table 3. Discharge Data (meterA3ihour) for M'ad~ A1 S i r  Spnng (AN 0534) 

Day Month Year Dischave  

I 2 8 9 523 0 
I 3 89 460 0 
I 4 8 9 463.0 
1 5 8 9 502 0 
1 6 89 467.0 
1 7 89 445.0 
1 8 8 9 390.0 
1 9 89 368 0 
1 10 89 340 0 
I 1 1  89 350 0 
1 12 8 9 327 0 
I 2 90 427 8 
1 3 90 438 0 
I 4 90 470 0 
1 5 90 478 0 
I 6 90 416 0 
I 7 90 380.0 
1 8 90 340 0 
I 9 90 300 0 
1 1 1  90 280 0 
1 12 90 270 0 
1 1 9 1 270 0 
1 2 91 200 0 
1 3 91 333 0 
1 5 9 1 475 0 
1 6 91 447 0 
1 7 9 1 373 0 
1 8 91 330 0 
1 1 1  9 1 282.0 
1 12 91 490 0 
1 4 92 507.0 
1 5 92 115 9 

Day - Month Year Discha-% 



Table 3. D ~ s c h a q e  Data (meterA3/hour) for U'adi A1 Sir Spnng (AN 0534) 

Day Month Year D~scharge 

1 3 6 9 248 0 
1 4 6 9 443 0 
1 5 6 9 248 0 
1 6 6 9 235 0 
1 7 69 303 0 
1 1 1  69 250.0 
1 12 69 240.0 
I 1 70 220 0 
1 2 70 230 0 
1 3 70 220 0 
1 4 70 277 0 
1 5 70 310 0 
1 7 70 280 0 
1 8 70 235 0 
1 I2 70 194 0 
I 1 71 190 0 
I 2 7 1 190 0 
1 3 7 1 240.0 
1 4 7 1 260 0 
1 6 71 300 0 
1 7 71 305 0 
I 8 7 1 323 0 
1 9 71 259 0 
1 10 7 1 254 0 
I 12 7 1 215 0 
1 9 72 250 0 
I 1 1  72 256 0 
1 12 72 256 0 
1 1 73 250 0 
1 2 73 237 0 
1 5 73 102 0 
1 7 75 266 0 
1 1 1  73 205 0 
I 4 74 268.0 
1 5 74 366 0 
1 6 74 366 0 
I 7 74 390 0 
1 9 74 395 0 
1 3 75 572.0 
1 5 75 403 0 
1 7 75 304 0 
1 8 75 297.0 
1 1 1  75 226 0 
1 7 77 131.0 
I 10 78 214.0 
1 7 79 21 6.0 
I 9 79 200.0 
1 1 1  79 325 0 
I I 80 268.0 
1 1 8 1 470.0 
1 6 8 1 330 0 
I 5 82 351 0 
I 2 83 448 0 
1 - 10 83 f20 0 

Dav Month Year Discbase_-  



Tablc 3. Discharge Data (rneterA3/hour) for Wadi A1 S I ~  Spnng (Qh' 053d) 

Day Month Year Dischane Day Month - Year D ~ s c h a ~ e -  
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Table 5. Discharge Data (mctcrA3/hour) for Qairawan Spring (AL 0672) 

DPV Month Year D~scharge Day Monih Year Discharge 

1 10 69 134 00 
1 1 70 126.00 
1 '4 70 186 00 
1 2 - 7 1 1 12.00 
1 4 71 82.40 
1 7 7 1 201 00 
1 12 7 1 178 00 
1 1 72 101.00 
1 3 72 104 00 
1 6 72 128.00 
1 8 72 147.00 
1 9 72 132 00 
1 10 72 108.00 
1 1 I 72 105 00 
1 I 73 124 00 
1 2 73 108.00 
I 3 73 107.00 
1 5 73 154 00 
1 6 73 139 00 
1 8 73 141.00 
1 11 73 123 00 
1 6 78 129 00 
1 7 79 67 40 
1 1 1  83 149 00 
1 12 8 3 139 00 
1 1 8 4 137 00 
1 3 84 210 00 
1 4 84 21 1-00 
1 5 84 162.00 
1- 6 84 184 00 
1 7 84 147.00 
1 8 84 136 00 
1 9 84 152 00 
1 10 84 128 00 
1 11 84 94 90 
1 12 84 1lOOO 
1 1 85 120.00 
1 2 85 189.00 
1 3 8 5 359.00 
1 4 85 302.00 
2 5 85 153.00 
1 6 85 150.00 
1 7 85 157.00 
1 8 85 167 00 
1 10 85 129 00 
1 11 85 8230 
1 12 85 117 00 



Table 5. Dschargc Data (mctcrA3hour) for Qairawan Spring (AL 0672) 

Dav Month Year D i s c b a ~ e  

1 1 86 88 70 
I 2 86 136 00 
1 3 86 223 00 
1 4 86 205 00 
1 5 86 124.00 
1 6 86 8630 
1 7 8 6 120 00 
1 8 86 115 00 
1 9 8 6 120 00 
1 10 86 59 90 
1 1 1  8 6 109 00 
1 12 86 87.00 
1 1 87 171 00 
1 2 87 221 00 
1 3 57 207.00 
I 4 87 174 00 
1 5 8 7 167 00 
I 6 8 7 182 00 
I 7 8 7 145 00 
1 8 87 145 00 
1 9 8 7 97.10 
1 10 87 107 00 
1 I 1  87 11000 
1 12 87 127 00 
1 1 88 118 00 
1 2 8 8 187 00 
1 3 88 183 00 
1 4 88 201 00 
1 5 88 224 00 
1 6 88 177 00 
1 7 88 206 00 
1 8 88 156 00 
1 9 88 132 00 
1 10 8 8 120 00 
1 1 1  88 100 00 
1 12 88 162.00 
1 1 89 187 60 
1 2 89 190 00 
1 3 89 163 00 
1 4 89 159.00 
1 5 89 163.00 
1 6 89 147.00 
I 7 39 198.00 
I 8 89 1 1 2.00 
1 9 89 1 19.00 
1 10 89 138.00 
1 I I 89 141.00 
1 12 89 147.00 

Day Month Year Dlzchnme 

I 1 90 260 00 
1 2 90 157.00 
1 3 90 160.00 
1 4 ' 90 170 00 
1 5 90 168 00 
1 6 90 155 00 
1 8 90 125 00 
1 9 90 I 1  8.00 
1 1 1  90 11600 
I 12 90 9.00 
1 1 9 1 95 60 
1 2 91 131 00 
1 3 91 114 00 
I 4 91 207 00 
1 5 91 155.00 
1 6 91r 130 00 
1 7 9 1 106 00 
1 9 91 108 00 
1 10 9 1 65.50 
1 1 1  91 112.15 
1 12 9 I 120.85 
1 I 92 208 00 
I 2 92 213 00 
1 3 92 284 20 
1 4 92 287 10 
1 5 92 283 00 
1 6 92 253 40 
1 7 92 213.00 
1 8 92 199 00 
1 10 92 135.40 
1 1 1  92 152 60 
1 12 92 192 00 
1 1. 93 143 00 
1 3 9s 152 00 
1 6 93 159 00 
1 7 93 157 00 
1 8 93 162.00 
1 6 94 79.97 
1 9 94 87.1 0 
1 10 94 80.00 
1 11 94 100.00 
1 1 95 127.00 
1 3 95 90.00 
1 5 95 94.00 
I 7 95 127.00 
1 9 95 70.00 
1 10 95 80.00 
1 11 95 63 05 
1 i 96 100.00 
1 2 96 60 00 
1 5 96 127.00 
I 6 96 125 00 
1 7 96 135 63 
1 8 96 72 10 
1 3 36 60 70 
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Table 11 .  Discharge Data (mctcrn3isecond) for Qantrra Spring (AJ 0520) 

Dav Month Y u r  Dtschar~e 

1 6 38 20000 
1 8 38 111.00 
1 10 38 74.50 
1 1 1  38 174.00 
1 I2 3 8 99.70 
1 1 39 13900 
1 4 39 30200 
1 5 39 24200 
1 7 39 171 00 
1 8 39 11700 
1 9 39 94 70 
1 10 39 93 60 
1 12 39 126.00 
1 1 40 131.00 
1 2 40 268 00 
1 4 40 218.00 
1 6 40 221 00 
1 7 40 162 00 
1 8 40 108 00 
1 I0 40 94.30 
1 1 1  40 97.90 
I 2 41 186 00 
1 4 4 1 221 00 
1 7 4 1 130 00 
1 9 4 1 91 40 
1 3 -42 261 00 
1 6 4 2 178 00 
I 1 1  42 90 70 
1 4 43 237 00 
1 9 47 39 20 
1 6 48 144 00 
1 10 48 64 40 
I 6 4 9 160 00 
1 10 49 96.50 
I 6 50 195 OQ 
1 10 50 85 00 
I 8 5 1 41 80 
1 10 5 1 22 30 
1 7 -- 151 00 : -J 

1 10 52 130 00 
1 6 53 193 00 
1 10 55 142 00 
t 7 54 149 00 
1 6 5 5 48 20 
1 7 55 135.00 
1 10 55 36 70 
1 10 56 37 80 
1 6 57 199 00 
1 10 57 122.00 
I 7 58 12200 
I 10 58 56.20 

Day - ---- Month- Ycar D ~ s c h a r ~ e  

1 6 59 156 00 
1 10 59 28 40 
1 5 60 68.00 
1 10 . 60 2930 
1 1 - 62 ' 164.00 
1 6 62 59.00 
1 12 62 38 50 
1 5 63 74 20 
1 8 63 49 70 
I 12 63 59 80 
1 3 & 18200 
1 4 64 200.00 
1 5 13 18600 
1 6 61 16600 
1 7 64 14800 
1 8 64 55 40 
1 10 64 49 70 
i I 1  64 52.20 
1 12 64 88 60 
I. I 65 - 141.00 
I 2 65 155 00 
1 3 65 134 00 
1 4 65 75 20 
1 7 65 121.00 
1 10 65 44 60 
1 1 1  65 54 00 
1 12 65 59 00 
1 I 66 6120 . 
1 10 66 16 60 
1 1 1  66 32 30 
I 1 67 125 00 
1 4 67 227 00 
1 5 67 21700 
1 6 67 222 00 
1 7 67 223 00 
1 8 67 140 00 
1 9 67 82 40 
1 10 67 13800 
1 1 1  67 103 00 
1 12 67 99 00 
1 2 68 234 00 
1 3 68 21000 
f 4 68 22900 
I 5 68 147 00 
1 6 68 101.00 
1 7 68 72.70 
1 8 68 95 40 
1 9 68 109 00 
1 10 68 7270 
1 1 1  65 61.20 
I 12 68 70 90 



Table 11. Dtscharge Dat. (mctcr"3/smzond) for Qantarr Spring (AJ 0520) 

- Month D*y -- Year Discharge 
- 

I 2 69 217 00 
1 3 69 229 00 
1 4 69 254 00 
1 5 69 217.00 
1 6 69 205.00 
1 7 69 16000 
I 8 69 16000 
1 9 69 160.00 
1 10 69 13900 
1 I 1  69 11800 
I 12 69 13900 
I 1 70 149 00 
1 2 70 191 00 
1 3 70 229 00 
1 4 70 19100 
1 5 70 126.00 
I 6 70 134 00 
I 7 70 147 00 
I 8 70 12600 
1 1 71 64 40 
1 2 7 1 107 00 
1 3 7 1 182 00 
1 4 7 1 307 00 
I 5 7 1 205.00 
1 6 7 1 210 00 
1 7 71 205 00 
1 8 71 118 00 
1 9 71 171 00 
1 10 7 1 109 00 
1 1 1  7 1 77.80 
1 12 71 108 00 
1 1 72 203 00 
1 2 72 229 00 
I 3 72 229 00 
1 4 72 205 00 
1 5 72 191 00 
1 6 72 182 00 
1 7 72 139 00 
1 8 72 1 18.00 
1 9 72 118.00 
1 1 1  72 160 00 
1 12 72 108 00 
I 1 73 108.00 
I 2 73 90.00 
1 12 73 1 14.00 
1 6 74 149 00 
1 9 74 1 1  1-00 
1 1 75 141.00 
1 11 75 49 80 
I 6 76 94.60 
I 3 77 168.00 
I 6 78 66 60 
1 3 79 60 00 
I I2 79 174 00 
1 3 80 21900 
1 6 80 195 00 
1 12 80 57 00 
1 -  3 8 1 141 no 
I 6 8 1 !LC 110 

12 5 1 SJ  1rl1 

Day Month Year Discharee ----- 

I 3 82 159 00 
1 6 81 46.90 
1 9 82 52 00 
1 3 - 83 336.00 
1 6 83 16700 
1 9 83 67 50 
1 I2 83 94 60 
i 1 84 71 00 
1 2 84 79 10 
1. 3 84 71 00 
1 4 84 209 00 
1 5 84 150 00 
1 7 84 10600 
1 8 84 52.80 
1 9 84 90 80 
1 10 81 60 00 
1 I I 83 76.30 
1 12 84 82 00 
E- 1 85 12.10 
1 2 85 -16500 
1 3 85 151 00 
1 4 85 204 00 
1 5 85 225 00 
b 6 85 112 00 
1 7 85 98 30 
1 8 85 93 00 
1 9 85 98 80 
1 I0 85 108 00 
1 1 I 85 39 60 
k 12 85 124 00 
1 1 86 89 00 
1 2 86 101 00 
1 3 86 282 00 
1 4 86 15000 - 
1 5 86 88 50 
1 6 86 92 60 
I 7 86 91 60 
1 8 86 90 10 
1 9 86 79 40 
1 10 86 89 20 
1 3 1 86 185 00 
1 12 86 194 00 
1 1 87 211.00 
1 2 87 254.00 
1 3 87 200 00 
1 4 87 180 00 
1 5 87 196.00 
1 6 87 164 00 
1 7 87 129 00 
1 8 87 119 00 
1 9 87 131 00 
1 10 87 97 00 
1 I 1  87 83 00 
1 12 87 I30 00 



Table 11. Ducharge Data (metcrA3/second) for Qlntnrr Spr~ng (AJ 0520) 

Day Month Yur - D~schargc 

1 I 88 174 00 
1 2 88 195 00 
1 3 88 186 00 
1 4 88 12000 
1 5 88 194.00 
1 6 88 190.00 
1 7 88 11900 
1 8 88 131 10 
I 9 88 97-10 
1 10 88 11500 
1 I I 88 124 00 
1 12 8 8 72 00 
1 2 8 9 88 50 
1 3 89 16000 
1 4 89 122 00 
1 5 89 13Q.00 
1 6 89 117.00 
1 7 89 102.00 
1 8 89 1 12-00 
1 9 89 11000 
1 10 89 62 00 
1 1 1  8 9 73 00 
1 12 8 9 91 00 
1 I 90 108 00 
1 2 90 11990 
1 3 9 0  11000 
1 4 90 146 00 
1 5 90 206 00 
I 6 .  90 14000 
1 8 90 76 30 
1 1 1  90 55 00 
1 12 90 54 00 
1 I 92 62.10 
1 2 91 217 00 
1 3 91 144 00 
1 5 91 156 00 
1 6 91 91 30 
1 7 91 76 00 
I 9 91 64 30 
1 10 91 66 00 
1 1 1  91 52 60 
I 12 9 1 206 78 
1 1 92 247.00 
1 3 92 272.00 
1 4 92 227 10 
I 5 92 21560 
1 7 92 20880 
1 8 92 205 60 
1 10 92 11200 
1 11 92 105 00 
1 12 92 162 80 

Day -- Month Ycsr Dlschnrve -- 
1 1 93 205 00 
I 2 93 298 00 
1 4 93 167 00 
1 5 - 93 171.00 
1 6 - 93 18900 
1 7 93 124 00 
1 8 93 101 00 
1 2 94 204 00 
1 4 94 273 00 
1 7 94 87.06 
? 10 94 91.14 
1 I 95 250.00 
I 2 95 229 00 
f 3 95 280 00 
1 4 95 157.00 
1 6 95 116 00 
1 9 95 82 54 
1 10 -95 57 00 
1 I1 95 76.70 
1 12 95 77 87 
1 1 96 19400 
I 2 96 125 00 
1 3 96 205 00 
1 4 96 149 00 
I 5 96 17O.N 
1 6 96 124 00 
1 7 96 98 20 
1 8 96 89 30 
1 9 96 80 00 

Page 3 di 



f Tablc 12. Wntcr Qunlily Data for A1 Qnr~tnrn Spring (AJ 0520) 

- = no data for this parameter for this date 
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Table 7. Ducbargc Data (mctern3/bour) for Al Deck Spnng (a 0760) 

Day - Montb Year  Ducharge  -- Dav hlonth Year  D[schargc_ 



Table 7. D~scharge Data (meterA3/hour) for A1 Deek Spring (AL 0760) 

Day Month Year D s c h a r ~ e  Day hlontb Ycar Ducharge 
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- Table 1 

Jordrrr S t n n d o d  No 286 (1988) 
For Drinking W a t a  

I . ' 
Paramdrrrs 1 PcrmisibIc 1 Mnrimum PermtsslbIc . a . I 

PhvsicaJ Prone- c . . 

S el en1 urn f 0.01 m g l  
&d 0.05 mgl  
h c n i c  I 0.05 mg/l 
Chromurn 10.05 mgl 
Cyanrdc t 0.10 mgA 
Cadorrum - 0.005 mgfl 

M m u y  0.001 rng 
Antimony 1 - 

Silver 1 

I 
j?Sanem thst Affect &man Health aad Water &dim 

isunits 

15 mi6 

I Turbidity I lunis 
- Tanc Acqnablc to most 

COnzUIIIa 

.Odor 

Color 
- 

, PE 
Temperatme 

Acceptable to most 
mmQS 
I0 d r s  
6.5-9 
Pttfcrable to 8 to 25 oC 


