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Abstract 

High pH waters, up to 12.5 are encountered in the Maqarin area, 

the extent of the aquifers containing the waters as well as their origin ara 

discussed. Their presence is attributed to the dissolution of partlandite 

and other low temperature minerals resulted from retrograde metamorphism. 

The high hydroxide, sulfate and calcium concentrations as well as 

some trace metals are relataa ta the effect• af the apantaneaua ca•buatian 

of the organic matter in the Bituminous Marl Formation. 

The gorundwater in both ~\mman and Bituminous Marl Farmati•n• flaw 

towards the Yarmouk River. The confined water in both formation• farm an ef

3 
fluant to the Varmouk River although the permeabilities are low; 3.6 x 10

-5em/sec for Amm•n Formation and 5.0 x 10 em/sec for the Bituminous Marl Formation. 

The water issuing from both aquifers mixes with the main baseflow of the 

river originating from the basalt aquifer and with high pH waters from th~ 

vadose zone. 

The thermal water discharged in the area is formed during ascendence 

by mixing of deep hot weter and waters from the Amman and Bituminous Marl 

Formstlona as well as th• nigh pH Wltar fram th• v•d••• zene. Thia explaina th• 

differences in temperature and composition of the discharged water. 
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INTRODUCTION 

Thia atudy was carried out in the surroundings of the Naqarin Dam 

Site. It lies in the Yarmouk River Valley at the Syrain - Jordanian 

bordu, 16 km. nerth or Irbid City and about 25 krn to thel eaet of the 

Jordan Valley (fig 1). The topography of the area is rigid and ranges in 

elevation from 30 to 400 meters above sea level. The valleys in the area are 

V-shaped indicating their recent history. 

On the Varmouk River with a baseflow at' 3.5 m J /sec and a fJ,ood t'low which 

3may reach more than 2UO m /sec a dam with a capacity of more than 400 MCM is 

sugQested. 

The unurbanized catchment area of the Yarmouk River extends in both 

Jordan and Stria • The rock units covering the surrounding area of the 

proposed dam are the ~ain factors affecting the water chemistry. 

Previously no detailed hydrochemical or surface water stw~ies were carried 

out in this area. Only few ground water samples from certain aquifers were 

analysed by Natural Researchs Authority (NHA) during pumping tests of some 

wells. few aamples from edits, boreholes and springs were analysed by Harza 

Engineering Company during the period 1977 and 1979. Chalky Limestone formation 

springs in the upper reaches of Wadi Shallala are sa~pled accaaianelly •na 

enelyeei by the NRA. 



(2) 

Ground water studies were carried out by Harza Overseas Engineering 

Company in the last few year s . Boreholes were drilled by Backer and Ha rz a 

Engineering Company in 1955. Another group of boreholes were drilled by 

En~r~uproject in 1966. Most of · the boreholes and all ~he edits as well as 

detailed geological mapping for the reservoir area were completed by Harza 

Engineering Company in 1980.The petrography and chemistry of some rock units 

in the area were studied by Amira,1980; Nassir, 1980 and Khoury and Nassir, 

1982. 

The presence of high pH- water initiated this work. The lack of 

information about the hydrochemical properties of surface and ground waters 

encouraged the authors to carry out this study which should give a detailed 

account about the relationship between the geochemistry of the rock unite 

and the hy•rechemiatry af aurface an• graund w.tera. The high pH in aame wetera 

end 1~• affect en ether wetera ia alae atudied • The reaulta ceuld 

directly lead us to some thoughts and estimates about the expected weter 

quality in the reservoir of the proposed Maqarin Dam. The ground water resources 

of the Yarmouk River are aslo quantitatively diacuaaed and evluated. 



(3) 

Geological Setting 

Geology: 

The bituminous limestone of the Maqarin area ia a part er th• Upp•r 

MaQstrlchtian- Lo~r Paleocene Chalk-Marl Unit deposited in an 

elongated sedimentary basin striking N to NW (Fig.1). Fiu.2 shows a 

Qenerallzed stratigraphic column in the area. Rocks can be divided into 

three major Qroupa;eretac&oua - T&rtiary, baealtw and Quaternary rocks. 

Cretaceous-Tertiary Rocke: 

a: Amman Formation (8-2). 

The lower pert (52 m thick) is known as the cherty portion. It 

consists of bituminous marls with black chert and limestone bands. 

The upper portion (6.5 - 10 m thick) consists of massive, hard, 

fractured, fine grained, highly fossiliferous bituminous marl with sandy 

limestone. 

b: Bitumtnoue Marl Formation: 

The Amman Formation is conformably overlain by the Bituminous 

Marl Formation. The total thickness mapped in the further surroundings 

or the Maqarin area is about 200 meters (Wiesemann & Abdullatif ,1963, 

Bender, 1968). The rocks are considered as a part of the Chalk-Marl 



(4) 

Unit of Danian- Maestrichtian age (Bender, 1968). The Bituminous Marl 

Formation consists of argillaceous, fine grained limestone with common 

microfossils. 

Rocks of the Bituminous Marl formation are slightly to moderetly 

frectursd. The fracturee ere heal~d with calcite. In some places the 

~ointa ere filled with pyrite. 

On tha laft flank sf th• Varmauk River, an unuaal brecciated and 

al~ered rack unit can ba iraced fram Wadi Sidjin aastwarda ta the damaite 

en~ then ta abaut 1900 ••t•r• tawarda Wadi Shallala ta the aauth east. This 

unit ia hithly hsterag•naua in fabric, texture and rock type. A metamarph1c 

zana is faund in this rack unit (Khaury & Naaair,1982). High and law 

ta~p•ratur• •inarala such aa ~llaatanite, apur~ite, anarthite ettrinQite, 

I 
partlan•tt• ••••••••• ect. wer• recar•e• ( Khaury 1984 

I 
). 

0: Ch~lky limeatone Formation: 

Thia formation can be divided into three unite; 

I. lower Chalky Unit (190m thick). The lower portion is about 15 meters 

in thickness and forms a cliff oft .messive homogeneous limestone known 

ae the main cliff (Harza, 1979). It is overlain by soft sediments of 

argillaceous limestone with variable amounts of organic matter. 

II. Cherty Unit ( 30 - 40 m thick). It overl~ee the lower chalky unit and 

consists of chalky limestone with many thin chert bands. 
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III. Upper Chalky Uint ( 170m thick) • It is similar to the Lower Chalk Unit 

in Jta petrographic composition but it is softer and more chalky. 

Basalts: 

Basalts are found to cap the area on the right side of the Varmouk 

River and parts of the left side. These basalts are related to final (sixth) 

flow of pleistocene age (8ender,1968). 

Recent Deposits: 

Recent deposits in the studied area consists of unconsolidated wadi fill 

and residual soils. 

Structursa: 

The Maqarin damaite area is affected by small scale tectonics. Rocks 

are almost horizontal or gently dipping. Major faults are completely absent. 

I. Felda: 

The Bituminous Marl Formation wee brought to a high~r elevation 

more than any other place in the Varmouk ValLay, by a northeast- southwest 

trending anticline. This anticline is plunging to the northeast ( Wieseman 

bend Abdulletif 1963). On the southeastern flank, the rocks dip 18-20 

to the southeast • The extent of this limb is about 2 km, after that the 
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layers flatten out. The northwestern limb rocks dip to the northwest with 
I 

angles less than 10
0 

• 

!!.Faults: 

Faults are not very common in the Maqarin area. They are mostly traced 

in edits with throws of some 5 meters. T11e fault with the higiH!St displacement 

(40 m ) in the tsrt~ts trends N 65° W ta till! nurth uf Wudi Sllullula (Harza,1971J). 

III. Joints: 

Tow sets of joints are prevailing in the area of Maqarin,with NW-SE 

and N-5 trends. Polygonal and vertical jointing is also prevailing in the 

basalts. 

Field and Laboratory Work 

Field Work: 

A total amount of 110 samples of surface and groundwater sources 

were collected for chemical analysis. The location of sampling sites are 

shown in Fig (3). The samples located outside the mapped area are given 

with their coordinates in Table (1). The pH was checked in the field using 

0.1 range pH- paper.Temperature, and electric conductivity were also measured 

in the field during sampling. Discharge of the Yarmouk River as well as 

precipitation over the area were measured at station AD-5, by the Surface 
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Water Divieion/NRA. Water level measurements in the boreholes were carried 

out lty the Jorden Valley Authority/ Dams Directorates in th~ J-ll::!i'lud between 

1978 to 1981. 

Laboratory Work: 

The analysis of the water samples were carried out in the laboratories 

.'J1' the Department of Geology and Mineralogy at the University of Jordan. 

Alk,linity was determined by titration with hydrochloric acid standard 

solution using phenlophthalein, methyl orange and • mixed indic•t•r ., m~thyl 

red and bromocresol green. 

Calcium and maQne&ium· were determined by titration with standard solution 

of EDTA Na- ••lt (Tltrlplex,III ) using murexide as indicator for calcium 

and eriochrome black T for the total magnesium and calcium (Brown et al,1974). 

Chlorid~ was determined by titration with mercury nitrate Hg (N03 ) standard 

solution using diphenylcarbazone as indicator. 

Sodium and potassium were analysed by using Eppendorf flame photometer after 

dilutinQ the samples to reach the optimal range of accuracy. Spectrophotometry 

was used to determine nitrate and suphate, using Perkin Elmer 555 spectrophotometer, 

dt wave lengths of 206 nm and 492 nm respectively. Trtice metals were analysed 

by atomic absorption spectrophotometer, Jarrel-Ash model U50 aft~r concentration 

of samples by evaporation to one fith of the original volume. 
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HYDROLOGY 

Rainfall:

from the ieohytel map of Jordan (Climatic Atlas of Jordnn,1971). The 

average annual precipitation over the studied area was calculated to be 

around 450 mm. Precipitation meaeurments at station AD-5 in the period between 

1974 and 1980 showed a minimum precipitation of 191 mm in 1978/1979 and 

a maximum of 665 mm in 1979/1980. 

Surface Weter Discharge:-

Diecharo~ measurem9n~s were carried out at station AD-5 on the western 

boundary of the studied area. The amount of the water discharged as baaeflow 

6 3 
at station AD-5 during the period 1968-1980 showed • maximum •f 220 x 10 m in 

1968/1~79 and a minimum of 153 x 10 
6 

m in 1978/1979. The Hver~ge b~aeflow le 

calculated to be about 181 x 106 m 
3 

yearly . with a standard devi~tion of 

6 317.8 x 10 m year. The baseflow in each year was calculated as the difference 

amounts of stored yroumiwater • ( Uslnu Maillettqeq,between maximum and minimum 

1905) • The maximum stored amounts of groundwater in the year 1968 to 1980 

range between 364 x 106 m3/ year (1979/1980) and 262 x 10 
6 

m 
3 

(1978/1979) with 

6 3 6 3 
an avera~e of 319 x 10 m I year and standard deviation of 34.7 x 10 m /year. 

The minimal yearly stored amounts of ground water in the same period (1968-1980) 

'" 
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6 
3 6 3ranged between 198 x 10m "(1979/1980) and 76 x 10m (1977/1978) with an 

' 6 3 6 3 average or ' 137 x 10 m year and standard deviation of 34.6 x 10 m /year. 

Tha aou.:ce of g1·uundwatt~r conelata of one aquifer nr rnor·l! hJlthout any 

sudden serious decrease in the amount of groundwater yielded by any one of 

the major aquifers. The main source of the Varmouk River water is the basalt 

aquifer. Minor amounts of groundwater are supplied by the artesian Amman Formation 

and by the Bituminous Marl Formation as inferred from the chemical composition 

or the ~~ater and the ~iezometric map of Amman Formation (Abdul- Jaber 1982). 

EVAPORATION:

The average annual temperature ia 21.5 c• ( Climatic 

Atals or Jordan, 1971). The average temperature during the rainy mantha~ from 

the beg1n1ng or November to the end of April) is 14.5 c 0 • 

Evaporation was calculated using Wundt and Turk equations and found to be 408 mm. 

The evaporation precipitation rat'o is 468/450 which means that 90.5% of the 

precipitated water is lost by evapotoanepiration. Infiltration was calculated 

to be 17 mm yearly ( Abdul - Jaber, 1982). 

GROUNDWATER: 

The four water bearing rock formations present is the studied area are 

discussed below: 
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This formation is highly fractured with relatively high secondary 

-5
porosity and permeability. The permeability ranges from 10 em/sec to 

-3 more than 3. 7 x 10 em/sec (Harz a, 1979 ) • 

2- Bituminous Marl Formation: 

This formation is of very law permeability. It is considered as a 

good aquiclude. In the area of Maqarin dam site, the formation is partly 

fractured and form a semi-aquifer with measurable permeability. Water 

.. ,raa~ur• tests in this formation gave a permeability of 5.0 x 10-
5 

em/sec 

at the Syrian side and a permeability of 1.'0 x 10-
5 cm/tH~C at 'll~lt:! Jordanian 

side (Harza, 1979) Within the upper part of the Bituminous Marl Formation, 

an the left side of the river, high pH waters are found as perched water. 

They seep down the slopes towards the Yarmouk River. 

3- Chalk Marl Formation: 

This formation lies within the unsaturated zone. It was not possible 

during the period of this study to determine its permeability. Although 

the rock type indicates very low parm~abllity , ·~ringa are 

issuing from this formation in the surrounding area •• Aln Quelbe, Ain El-Trab 

and the springs of Wadi Shallala. 
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4- Basalt flows: 

The baealts form guod aquifere. Most of the Yarmouk RivHr bBH8flow 

end sprin~s are derived from this aquifer. 

GROUNDWATER MOVEMENT: 

LUetera from Amman Formation, Bituminous r-tarl Formation and from the 

Vadose Zone discharge towards the Varmouk River. The water of the confined 

Amman Formation seeps upwards through fractures and joints in the Bituminous 

Marl Formation to the Varmouk River. Based on measurements of the piezometric 

level data in the boreholes penetrating the Amman Furmation in March 1980, 

groundwater contour lines are drawn.Figure 4 shows that the yrou11t..lwate.\' flow 

ib directed toWBrds the Vsrmouk River. On the northern aide, the ~ter moves 

towards the south with a gradient range . between 0.022 and 0.02'J. On tht! 

souther1n side, the water moves northldBrds with a gradient of 0.075. Atony 

the river bed, the flow in this foomation coincides with that of the river, 

mainly from east to west with a gradient range between 0.034 and 0.039. The 

high pH water in the Vadose Zone at the southern side of the Varmouk River 

seeps down along slopes and fractures towards the river. 

HYDROCHEMISTRY: 

In the Maqarin area, the different waters vary in their physical and 

chemical properties. The pH value of the water ranges from 6.5 ( S•r•h•lea 
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BV-2) to 12.5 (Adit A-6). The electric conductivity which generallv raflaQta 

the total diaeolved soiids (TDS) in water shows a range between 450 mhos 

(Boreholes FS-35) and more then 8000 mhos (Adit A-6). The TDS in borehole 
' 

FS-35 ie 265 ppm, in edit A-6 is 1200 ppm and in boreholes S-3 is 2160 ppm. 

The TDS of S-3 has the highest value measured in the area , its electric 

conductivity is 2600 mhos. Most of thP. waters in the area RhOL&~ louJ nitrate 

content and a week to strong H S odor. The temperature of the water renges
2

0 0
between 23.5 c (boreholes FS-36 ) and 34.5 c in the thermal springs bet~en 

20-4 ( at the Syrian side of the Yarmouk River). 

VARMOUK RIVER WATER: 

The Varmouk River water is mainly discharged from the basalts at Zeizoun 

end Mezerib spring in Syr~• ( Harza, 1978 end 1979). During times of base 

rlaw tha chemicaLcoa.position of tile wet~r iS • n~arly slal.Jle with a TDS rantJlnu 

from 420 to 490 ppm. The TDS decreases to about 260 ppm during floods (samples 

collected on 10.11. 80 and 29.1.81 Table 2). 

In trilinear representation (Languth, 1966), all the analyae• aamplea plat 

at the center of the diagram, cuncentrated in the area of alkaline earth 

water with increased portion of alkalies and prevailing chlori~e . (Fig.5) 

The TDS of the Yarmouk River water is low. All trace metals are found 

in very amall concentrations. They range from below the detection limit up to 
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500 ppb ( January, 1981 ). The reaults af the heavy metal 1n1ly1e1 1re 

givan in Table l. 

2- High p~ Seepages: 

Thia water percolates threugh the vad1ae zane an the. left alape1 af the Yar•euk 

River. It ia characterized by ita high pH values (12.5) ~lich makes it a unique 

type of water. High pH waters of different origins were recorded in Greece 

( Papaatamatak, 1977), USA ( Barnes et al, 1972), Oman ( Barnes at el 1978). 

High pH value waters are found in edits; A-6 and AFS-2, travertine zone seepage 

at the south of Wadi es Sidjin. 

Th~ TOS of thie water is relatively high and ranges from 1128 ppm (Adit 

A-6, June 1981) to 2068 ppm (Boreholes FS-1). From the chemical point of view, 

thia water ia considered rich in ita calcium hydroxide and calcium sulphate. 

Hydroxide, sulphate and calcium contents range from 176 ppm (Adii A-6) 

to 682 ppm (Boreholes FS-1) from 223 ppm (Adit - A-6) to 451 ppm (Wadi Sidjin
1 

eeppagea) and from 418 ppm (Adit A-6) to 924 ppm (Boreholes FS-1) respectively. 

In most samples magnesium wee not detected although some samples show very 

low concentrations (Table 4). 
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IIn a ~rilinear representation ( Languth, 1966) this water plots 

in the aree of alkaline earth water with prevailing hydroxide, where the 

hydroxide group substitute the bicarbonate group in this type of water 

(fig 6). Two samples were callected in 1977 from edit A-1 and edit A-4 and 

analysed in the Natural Resources Authority Laboratories (Harza 1978). 

These two samples correlate directly with the authors results. When the high 

pH water cornea in contract with the atmosphere, it absorbs the atmospheric 

carbon dioxide , and calcium carbonate precipitates. Travertine, stalactites, 

of gravels.
stalagmites and carbonate cement result in the cementation 

They are the results of calcium carbonate precipitation. 

The high pH water seeps down slopes towards the Varmouk River. Along 

joints and fractures, it mixes with water of the Bituminous Marl Formation 

and most probably with the artesian water of Amman Formation. These mixing 

processes are accompanied with complicated reactions and r~~ulL in uiviny 

the mi*ed types of waters. This mixing is considered later in the diacuaian 

The hi~h pH water is also characterized by its high Cr, Cd, Ni, Pu, Mo, and 

Co, contents (Table 5). In Wadi es Sidjin seepage, the Cr concentration 

is 600 ppb, Cd, reaches up to 10 ppb, Ni 75 ppb, Pb 95 ppb, Mo 80 ppb and 

Co 50 ppb. 
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3. Springs. 

In the Maqarin area chemical and cold water springs are prsent. 

3.1: Thermal Springs. 

0 
'Thre~ springs with a temp e rature of 32 to 35 C an~ pl'H B<!nt •l n tile 

Syrliln side of the Varmouk River. They range in their TDS from 480 ppm to 

746 ppm and give distinctiv.e H 5 odor (Table 6 ). The pH of these springs is
2

quite normal; around 6.8. 

Spring No.2 with a temperature of 32 C
0 

and a TDS of 485 pp111 and spring 

No. 9 with a temperature of 32°C and TDS of 573 plot•in th~ area of alkaline 

earth water with increased portion of alkaline and prevailing bicarbonate. 

Spring No. 4 with temperature of 34.5
0 

C and TDS of 747 ppm plots in the area 

of el~aline earth water with icreased portion of alkalies and prevailing 

chloridM (Fig 7 , Table 6 ). 

3.2 Cold Springs. 

a: Springs of the Chalky Limestone Formation: Three samples from Ain Quelbe, 

two samples from Ain Shalaq and two samples from Ain Umjrain have been analysed 

in the period between 1972 and 1978 by the Natural Reeaurce• Autharity. DurinQ the 

period of this study one sample from each spring, Ain Quelbe, Ain et Trab, 

Ain Ba'boul and Ain Sombal where collected and analysed (Table 6). The later 

two springs are located in the lower reaches of Wadi Shallala. Water of these 
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springs has a normal pH of '·8 and an E.C. value of about 420 mhoe in 

( Ain Ba'boul ..). 

Aln et Trab and Ain Quelbe are characterized by their low TDS ranging 

from 258 ppm to 281 ppm. Table 6 shows complete chemical analysis of these 

t~AD aprin~;~e water. Ain Quelbe water plots in the area of alkaline earth water 

with prevailing bicarbonate, ·and Ain et Trab water plots el•• in th• 

area of alkaline earth water with increased portion of alkali•• and pr•v•iling 

bicarbonate (Fig 8 ). 

Other springs of the Chalky Limestone Formation are located in Wadi 

Shallala , they issue from the same rock unit as Ain Quelbe and Ain et Trab 

springe. Their liS ranges from 345 ppm, in Ain Shalaq to 606 ppm in Ain Ba'boul. 

The TDS of the latter is higher than the above mentioned springs. 

Ain 8a 1 boul and Ain Sombol samples plot in the areo of alkaline earth 

water with prevailing bicarbonate. Spring No. 7 water is slightly shifted to 

the area of alkaline earth water with bicarbonate and chloride. The last 

three samples could be chemically correlated with those of Ain Quelbe. Ain Shalaq 

samples with TDS of 387 ppm plot in the area of alkaline earth water with incr••••d 

portion of alkalies and prevailing bicarbonate. Ain Umjrain samples t.ilich show ·. 

higher TDS (400 to 439 ppm) plot in the area of alkaline earth water with 

increased portion of alkalies and prevailing chloride (Fig 8 ). 
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b: Besalt springs: Two samples from springs issuing from the basalt 

sequence on the Syrian side of the Varmouk River wePe collected and analysed. 

Both waters discharge with a temperature of 20.5
0 

C and show different chemical 

composition. Ain Ghazala has a TOS of 248 ppm and a pH value of 6.5. It plots 

in the area of alkaline earth water with increased portion of alkalies and 

prevailing bicarbonate. On the other side, Aln Quseir with a TDS of 590 ppm 

and a pH value of 8.5 plots in the area of alkaline earth water with increased 

portion of alkalies and prevailing chloride (Fig 7). 

c: Ain el Mardashia: This spring is located about 1 km to the northeast 

of Meqarin Station. It issues from Wadi fill gravels covered with cultivated 

soil., Ita TOS content is 780 ppm and chemically plots in the area of alkaline 

earth water with increased portion of alkalies and prevailing ct1loride (Fig 7). 

d: Spring Number 3: It issues from wadi fill gravels few tens of meters 

to the west of the bridge at Maqarin(Fig 3. J. Its chemistry it~ slruilar to that 

of the ' Varmouk River water with a TDS ranging from 327 ppm to 479 ppm (TableS. ). 

It plots in the alkaline earth water area with increased pot'tion of alkalies 
' 

and prevailing chloride or it ie ehifted elightly inte th• adjac•nt area af prevailing 

bicarbonate showing nearly negligible difference. (Fig 7). 
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The thermal and cold springs of this area show low concentrations of 

heavy metals; uaually balaw 30 ppb with tba exception of iran which reach•• abaut 

396 ppb (Table 7 ). 

4. Amman Formation: 

Fifteen boreholes penetrating this formation were sampled in ttlt! period 

between August 1980 and June 1.SJB1. Water of this forrnatiun has a pH value 

of 6.5 to ?.4, only borehole FS-34 shows a pH of 12.0. This is due to mixing 

with high pH water Which seeps through joints and fractures. 

•water of Amman Formation has a temperature l'ange between 24.5 C ( Borehela 

FS -32)an• 30C0 .(Borehole FS -35).T~ mean temperature of the collected 

0
samples is 26.?5C • 

The Amman Formation water ranges in its TDS from 250 ppm (Borehole FS-35 

in Sapta•bar,1980) ta 680 ppm( Wall-~ in Sept,19BO,TablY 8). Th• nitrat• cantant 

of the water is very low. The water is accompanied by strong H S odor
2 

(Borehole FS-37). 

On the trilinear representation of Languth, water uf A11unan Formation 

shows a wide ranQe l..n l ts compos! tlon. Sama aamplee pl•t mainly in the area af 

alkaline water with prevailing chloride while athers plat in 

the area of alkaline earth water with increased portion of alkalies and prevailing 

bicarbonate • Only tw. aa•,l•a plat in the area af prevailing chlaride (fig 9). 
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exceptian af iran and zinc ~tbh ahaw higher cancentr•ti•na. The m•xi•um 

cancantratien ef Fe ie 1050 ppb ( Well- NRA-8), Zn 1600 ppb, (FS-26), Ni 83 ppb 

(FS-36) end Pb 53 ppb end 557 ppb in berehele FS-34 end w.ll NRA reepectively 

(Teble 9 ). 

W.ter perceletlng in thie farmetlan centelne in ma•t the ca••• • TDS bel•w 

600 ppM. With the excepting bareh•l•• FS-47, 5-26, S-3, •na FS-7u which •haw TDS 

v•lu•• af 141 ppM, 1014 pp•, 1079, 2165 ppm, end 709 ppm reepectively ( Table 10). 

W.ter af thi• f•rMetl•n ehawa e law nitrete c•ntent •n• i• ecc•mp•nied with 

F•rM8tien ie ne~l and r•ng• between 6.5 ( Barehale BV-2) •nd 8.5 (B•r•hal• 5-41). 

Ber•h•l• S-8 •h•we • high pH v•lue •f 12.5 due t• mixing with the high 

pH water. The Bitu•ineue Marl Far•etien water h•• e temperature range between 

a24 C• (Barehal• FS-70 ) ana 29.5 C ( B•reh•le HV -7). The me•n temper•ture 

••' th• c•ll•ct•d •••Pl•• 1• 27.5 C • Th1• f•rm•tl•n pl•t• ln different •r•• •n 

the trilinear di1ra•. The higheet number •' •ample• lp•t in the •ree af alkaline 

earth with increaeed parti•n •' •lkelie• end prev•iling bic•rb•n•te. Few ••.,1•• 

plat in ~ath ef elkelin• water with preveiling chlaride and alkaline eerth water 
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.· 

of alkaline earth water with prevailing chloride (Fig 10). 

Table 11. shows the trace metal analyses of the Bituminous Marl 

Formation water. The metals Cu, Cr, Ni, Co, and Mo are found in trace 

concentration, an• raach u' ta 50 ppb. Some samples shaw higher concentration 

tf one or more trace metal, form example borehole FS-4? has ?4 ppb . Mn,?O ppb 

Ni and 62 ppb "-,Laad(pb) shows the widest range of concentration• which ranga 

_e,waan zara in barahale SV-2, 5-29 an• HU-3 ~e 10n1 ~pb in barehale fS-5.The higheat 

aenMiluatien ln ••ata1'i1 cancant'ratian 18 ·ctt.eplev•- by bo,h · t.ran •n• zlna; lll'lera 

iron reaches a concentration of 1.8 pp~ (Borehole FS-?1) and zinc is as high as 18 

ppm (Bar~hole FS-5). 

DISCUSSION: 

Tha reaulta af the chaMical analyaia era platt•• an layaritm1c 

ca•,••1tlan •iagr•••· The quality ar the water ia than dater~lnad by calcu 

calculating tha har•neaa, tha •••tu• ,arcantage and the aad1um adaarpt1an 
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VarmouK R~wer Watet: 

The baaeflow of the Yarmouk River seems to originate from a major 

&qui far reeding the river with li fixed tJydi'oCII~miatry. Thls I<Jntl!I' flhows lllllBtly 

parallel linea on the concentration composition diagram (Fig 11) indicating 

the same source of ~ASter during all seasons of the year. The composition of 

flood ' deviates from that of the base flow and a general decrease inwater 

concentration of Mg and so is measured. The co•poeition of the Yarmouk River4 

base flow water as well as during flood flow times shows that Na;> Mg~ Ca;> K 

and HaJ:i)Cl) so • Only a sample collected in March 1@181 during a flood showecl4 

that Ca > Mg and that a decrease in so 4 concentration took place. 

The quality characteristics of the Yarmouk River water are summarized 

in T•ble 2. According to Sawyer amd McCarty classification (1967), the water 

of the river is moderately hard. The major ion concentration of this water 

lies below the limits recommended by the WH0(19?1) for drinking water. 

In reapect to the classification for irrigation and bec•me •f it• high 

sodium parc•ntent which reaches(59%) this water is classified as permissible 

(Table 10). According to Richard's classification (1954) this water lies in the 

area of low sodium hazard (5 ) and medium salinity hazard (C ).1 2 

High pH Water: 

Thill type of water is present in the vadose zone of th~ metamorphosed 

rocks at the upper part af the 81tum1n•u• Marl F•rmat1an. The high 
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TOS of this water is a reflection of high Ca, so and OH concentration coming
4 

from ~h• •1aaalutlen ef lin• partl•~aite Ca (0H) an• gypau~ Ca50~.2H2o2 

( · Kht~rv ana N•••tr 1982). 

This water type shows variation in camp•eitien withaut any · 

in the thickness of the perculated metamorphic rocks, contact time of the ldlter 

and rock, degree of metamorph1sm,exposure of the water to the atmosphere, 

the local presence of the retrograde perculated metamerphlc mineral• auch •• 

partlan•it. anll th• raixing with •thl!r tv••• af' ...-t.r. Th• . varhtian in 

ce~paaitian can be ceneidered •• different degr@ea ef dilutien ef' high TDS wat•r. 

The high pH water in the studied area follows the relation Ca) Na) K> Mg 

and OH)so4) Cl w.i th the exception of ti.J.() samples; the first sample collected 

in May 1981 f'rom adi t A-6 (fig 12 a ) where t-lg is a ll tth higher than K; the 

s~cond sample collected from travertine zone seepage (fig 12b) with Cl 

concentration higher than so • The cono~~tration 'composition diagrame(fig 12c).4

of this water type shows parallel or coinciding lines. Tllis indicates that these 

waters belonQ to one oringinal lliBtr~ r· typt! LJith definite composition which ie then 

diluted by different portions of the metereit:: ...-ter. Calcium and hydraxilla hna 

are the tw major conaUtuli!nts of this water type. They correlate well with 

the TDS. Wadi es Sidjin seepage samples show Ca and OH correlation coefficients 

with the TDS of 0.97 and 0.99 respectively. 
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•n~ M.. Ni •n• c• •r• llithtly higher th•n ether element•. The high tr•ce 

Which lncerperete •••• b••• Met•l• in •tructure ( Kh1ury •n• N•••ir,1982). 

The Bitualn•u• Marl F•rm•ti•n r•ck• cencentrete •1•• b11e met•l• Which •r• 

••••ci•t•• with the ergenlc m•tter ( Amireh, 1979). The aalubility ef theee 

1r11nic ••tt•r. Line epurrlte, walla•temite, enerthite •••• exc •r• •m•ng the 

Retr•gra•e met•••rphiem i• •till active in the •re• ( Kheury, 1984) 

•n• the 1cti1n •' the circul•ti~g water in high •ad lew temperature minerele 

11 tlklng •l•ce • The 1ff1ct er the high pH water en the high tempereture 

alner1l1 ceui• r•eult ln extr•cting euch elemente. Chlr1mium rich lew tempereture 

•1nerela euq~ •• v•lk•nekite, ettringite, green gypaum ••• etc were recer•• 
I 

( Kheury an•: Neeeir, 1982, Kheury et •1, 1984). Weter quelity criteria f•r 

thle water ie repreeente• in Table 13. Cempleteheevy metal enely•i• 1• •h•wn 

Altheugh thi• type ef water 1• with l•w •~•tum percentege, 1te uee fer 

( 195~), thle water 11 cl•••lfle~ •• lew •••ium h1z1rd water (51) but with 

hilh eelinity h•z•r• , C3 tv~•· 
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Spring. 

a: Thermal Springe. 

their TOS ie 480, 573 and 747 ppm reApeotively • Th e TDS of these 

waters is a function of both Na and Cl content. Both of them correlate 

, I 

with the TOS, with a correlation coefficient of o.ga and n.'1'1 respectively. 

Comparing these results with the chemical compoeition of the thermal 

well of' 11 Shuna 11 l&llloh was drilled by the Jordan Valley Author! ty in the 

northern Jordan Valley- shows that the water of this well has a lower 

TOS than expected. It has a TDS of 531 ppm while the temperature of the 

uater ie 560 C. Sodium and chloride in the water of 11 Shuna" well correlate 

with their concentration in the thermal springs. The low TDS of Shuns well 

water compared with that of the thermal springs indicate that the water 

of' the th•rmal springs is a mixture of three components; low lOS high 

temperature deep water with higher TOS col~ meteoric water and lower 

lOS cold m~teoric water. 

The chemical compos! tion of · the thermal spririgs water shows the 

relationship Ca)Mg)Na) K end HC0 ) Cl)So4 • This relationship is alec
3

valid for the thermal water of Shuns well (Fig• 13). 

The concentration composition diagram shows mainly parllel lines 

except for spring No. 2 Where Ca and so are higher than expected.4 



(25) 

The concentration composition diagram of the Shuns thermal well aho~s 

just the aame trend but without parallality in the linea. 

The source of this water is assumed to be a deep water body with lower 

aal1n1\y and higher temperature than ~hat of spring No.4. The water of 

El Hemma eeems to be much closer in ita composition to the original weter. 

1 t haa both higher tt!mp~reture and TDS as well as hliJhf?l ' IIJ" 1:111LI La. I 1111 

original water is then diluted in different ratios with recent meteoric 

waters resulting in lower temperature and some times lo~r TDS of the mixed 

water emerging from the springs. 

The weter of the thermal springs has a che111ical cornposi tion 11.1hich lies 

with!~ the limlti of the WHO for drinking water (Table G). This makes the 

weter after areation to get rid of the H S gas suitable for drinkinu and
2

domestic purpost1s. Technical pl'Dblen's may C:ll'iHH 11u11 t11 ti1P hi!Jil lmrrlness of 

this weter type l&i'lich is considered as very llaru accordiny to Sa~>Jyer and 

McCarty (19b7) claasificatioll. Accu!'ding t.o Wilcox (195~~ Lltl.t:l wt:tll!r Lypt:! 

is classified as permissible. Accer•ing te Richer•• (1954) it ie claaaifie• 

•• lew eeaium hez•r• wat~r (51) and high ealinity hazard water (53). 

b: Normal Cold Water Springs. 

b.1: Chalky Limeetwne Feematien. 

The concentration composition diagram of these springs enable their 



(26) 

division into groups: 

I. Springs of the lower reaches of Wadi Shallala : This group includes three 

springs emerging from the lower Chalky Unit of the Chalk Marl Formation. 

Thf! · IAtlar hae the relationship Ca> Mg') Na} K, and HCD 3) 50 4} Cl. Only 

in the Ain Sombal water Cl') .so • The concentration co~r~position digram shows
4

almost parallel lines indicating the same aquifer and oriyln (Fig.1~). 

II.Springs of the upper reaches of Wadi Shallala : This group includes Ain 

Shaleq, Ain Umjrain, Ain Quelbe and Ain et Trab. These springs emerge from 

the -upper Chalky Unit of the Cheik Marl Formation. The water of these springs 

ahowe th• relet1onahip of Ca > Na )' Mg) K, and HC0 3 '> Cl ~ 504 (f1g.15). 

t,t 1• cancluiai that the a..ter •' Ain et Trab has the ••m• 

ari1in ef Ain Shalaq ani Ain Umjrain watera. Th~e higher aadi1,.1m ani cr,hriie 

contents in Ain Shelaq and Ain Umjrain 11 perhaps due to mixing wlth waste 

wetera of an inhabited area. This is evidenced by the relatively high N0 3 

concentration in Ain Shelsq and Ain Umjrain waters which l'each 46 and 56 ppm 

respectively. 

http:aadi1,.1m
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The weter ef the lewer reachea af Wa~i Shallala S~ring ( ;r•u• l) 

cen ba carralata~ with the weter af Ain Quelbe. The •irrerence in TDS can 

ba ax,lein•• by tha •utatian ~r cantact betw.en the weter an• the rack,
I 

ta r11ah •quilibriu~. Highar cancentratiana ar Ca an~ Mg in the wetar ar 1 

Tha wetar af the Chalky Li~eatane Farmatian apringa ia har• ta very 

har•. Tha ~•Jar an• trace canatituenta are within the limita ar the WHO 

•••••tic •ur,aeea. The infilteratian af ceaapaal waate water ta the aquifer 

c1uli .rr.ct th• watef quality. Thia 11 evi•ence• by twa aamplea callecte• 

rre• Ain 5heleq eni Ain U.jrain where N0 cancentratian excee•e• 45 ppm.
3 

hazar• ( C1 - C2 ). 

Ain Ghazala ahawe the aame chemical campaaitian aa the Varmauk River 

linea an the cancentratian campaaitian •iagram ( FiQ. 16 ). Thia in•icatea that 

the Yar-auk River water ia mainly ••rive• rram the baaalt aquifer. 
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Only the w.ter •I Ain el Que•ir with • TDS .r 590 ppm • rel•t1•n•h1J 

th1 canc•ntr•t1•n •' the b111lt water with ~ame•tic ~•te WMter ar th• 

vill•u•• lecat•l in th• catchment area .r the •pring. The high N•, Cl ani 

N03 can~•nt• aupart. All c•ncentratian ar the chem1c•l ••n•tituent• are 

l1w.r th1n th1 WHO l1•1t• r1r lrinkint water. Only Ain el Que•ir h11 • 

cl•••lficati•n (1955) rar 1rr1gat1an the b•••lt water in cl••airtel •• g••• 

t• Jlr.ia•ibla. Wh•n u•ing the Richarl• cl•••1ric•ti•n (1954) thi• water 
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Amman Fprmation Waters: 

water samples collectec.l from Amman Formation st1ow tt1at tt1~ wat~r 

perculating in this formation is heterogenous in its chemical characterstics. 

The different boreholes show different hydrochemical composition 

but the same borehole over the study period shows similar r~sults and 

nearly ~ixed chemistry. 

This inhomogeneity in the hydrochemical composition is a result of 

zone. This results in heterogenous mixturesof the Amman Formation water and 

other waters each with dtffenent composition. This fa~t results in giving 

each borehole its own system of mixing and therefore its own hydrochemistry. 

Except between 50 and TDS, no correlation was detected between the different4 

ions and TDS expressing the heterogeneity of the water. The correlation 

coefficient between TDS and so was calculated to be 0.97.
4 

Bacauaa af · ~ixing the cancentratian campaeitian diagramee shaw, very , 

canfuain; ,atterna. 

According to the major ion concentration all the waters of Amman · 

Formation contain· chemical constituents within the limits of drinking water 

rsconvnended by the WHO ( 1971). These waters are mediurn hard to very hard 

( Ta•l• 14 ). Sa~e trace metals reach cancentratian are higher than WHO 
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For irrigation purposes this water ranges in its classification 

according t.o Wilcox ( 1955) froru good to doubtful. WEitel'ti uf' t.lae fullouJln\.J 

borehdles and wells are doubtful in their use for irrigAtion: FS-3?, FS-63, 

NRA- A, FS-34, and HV-11. According to Richards classification (1954) the 

Amman Formation water is classified as of low sodium hazard (51) and low 

to medium ~alinity hazard (C1- C2) except the water of borehole FS-34 

ui'lich classi f'ies as of high salinity hazard. 

I 

Bit~minous Marl Formation Water 

Water samples collected from boreholes penetrat1.1"HJ llltF 11i tu111inous 

Marl Fo.ronatiun BilOW h~~ tl:!' f)(jt~nnu s Chl~ lnicol t : um~osi tiurt. T t l : ltitl'ltjt·~ · rt'flln 

orte borehole to anu tiler 11a 1n the caae ·•f' the Amman Farmatian Water. 

Th1a ia mainly relata• ta the ef'f'ect af •ieeulutian af minerale in the 

••t•mer,n•••• zane with their hetereyenaus n•ture. W•ter '•••ing threugh the 

metamorphosed rocks mixes in different ratios with the water of Bituminous 

Marl Foramtion to ,ra•uce heteraganeity. The water ef' this farm•ti•n 
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f8&ches 27'°C. The higher temperature could also be attributed 

to exothermal reactions such as oxidation of the sulfides and organic 

matter. The source of the H S is attributed to the reduction of so to2 4 

aul f'laea aweln. 

The water collected from the same borehole over the year showa • aimllar 

chemical composition (Fig.17), ~ile that af aifferent barehalea ahara a 

hetero~enous chemistry. 

Variations in water chemistry encountered within this formation 

The pH of the water of the Bituminous Marl Formation is normal with the 

axca~tlen af' barahale 5 -8 ~1ch reachea 12.5 ana caul• be a result af' 

mixing with high pH water. 

The concentration of the major ions in the Bituminous Marl Formation 

water'f is mainly within the limits recommended by the WHO far !lrinklny water 

with the exception of borehole 5-26 lltlere 59 ppm N0 exceeds the WHO limit
3 

of 45 p~. Although the H S concentration is law it has a strang odor which
2

makes the water objectionable. The trace metal concentration differs from 

one sample to another , Cu, Mn, Ca, Cr, N1, Ca, ana•Ma shaw law cancentratlana 

lawer then recamMenaea u~per l~mit af the WHO far arlnking water. Zn (5.0 ppm) 

ana P~ (50 ppb) valuea are higher than the WHO af atan~arde. 
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Accar•tng ta Sawyer an• McCarty ( 1967), the 81tum1neus Marl 

Farmatian water ia maderately har• ta very hard. The abave •tacuaaian 

ahawa that thi'a tvJia af water h nat al..-ya aui talbe far •rinking an• ••meatic. 

According to Wilcox classification (1955) far irriyation watl:!r the 

t:Htumlnous Merl Formation water ranges from good (HV-C.) t11 pt!l'missii.Jlt:! 

(HV-5A) to doubtful (FS-71) (Table 15). Acc•r•lng ta Hicharaa cl•••iricatien 

(1951t) far 1rr1gat.1an ..-t.r, it h claaaifie5f •• ef sedium haziilra (51), but 

with •••1um ta high aalinity hazar• ( C1 - C2 ). 

SUMMARY and CONCLUSIONS 

The msjor surface water body; the Varmouk River uJBtL•t', iH rnainly 

deri~ed from the basalt aquifer in Syria. This is evidt~ncP.d lly trw fl:l(P-d 

hydrochemistry of the llaaeflow hyrii'IIIJI' ilflll illltilyHi !1. 

Water from thermal springs, Amman Formation and Bituminous Marl 

Formation has a deep source utlich is mixed in different ratios with •neteoric 

water and with meteoric water passing through the metamorphosed rocks. 

The mixing ratios differ from o11e sampling site to another due to the 

magnitude ofpermeability of the Bituminous Marl Formation • Spring waters 
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perculatlng through the Chalk Ma!'l Formation are IOI.;!tt:!oric 

This study eoablei u1 tt irtw the ftlltwing cenclutitna:

1. The baseflow water of the Varmouk River is mainly the 111Btt!r discharged 

rrom the basalt sprin~at Zeizon Bl'ld Mezarib in Syrta mixed with 

minor amounts of water discharged from the 1\rnman cWlj l:ll tu111inoua Marl 

Formation. 

2. The stored ground water in the catchment Brea rantJf'B ft·om 7f, MCM to 

364 MCM at dry and wet seasons respectively. 

l. Tha··Bltuminous Marl Formation forms a semiaquiclude conflninQ the water 

of the Amman Formation which rises to the surface if trapp~l 

by ..rlhtles,. No infiltration takes place from the Varmouk River to 

the underlying formation an the water mtvea upwarla thraugh 

the ••llliaquicludee and joins the Var~nouk River due tu tilt:! artesian 

nature of the a qui fer in the Varmouk River reaches ~ 

4. The ground water gradients are· O.IJ22 to 0.029 on the nortttern side 

of the Varmouk River and 0.035 on the southern side of the river. 

-3 
5. The permeability of the Amman Formation ranges from 3.6 x 10 

-5to 3.7 x 10 em/ sec and the permeability of the Bituminous Marl 

-5 -5Formation ranges 1.0 x 10 to 5.0 x 10 em/ sec. 

6. The hyarochemistry of the Varmouk area is hiahly affacted by the 

metamorphism which resulted from tne spontaneous c•mbusti•n •f the 

Bituminous Limestone rocks in the area. 
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7-. W.tera of Amman Formation and Bituminous J'o1arl Formation are derived 

fraAI J dliHiP source of ~~.~ater with TOS and templi!rature higher than 

the recorded values at the sampling sites. 

B. The deep water is mi·xed in IIi fferent ratiaa with high pH metearic 

threugh jeinta anll fracture. 

9. The high pH- water •• the metearic W&ter paaaing thraugh the 

metamorphosed rocks rich in portlandite, gypsum and other soluble 

retrograde metamorphic minerals. 

10. The fixed chemistry of each borehole water and the tii fferent ch~mistry 

of the different boreholes water are llue ta the magnitulle af 

permeability of the 81 tuminous f-1arl Formation which uoverns the amount 

of meteoric and high pH-water portions mixiny uJi th art~sian water. 

11. Water of the Chalk Marl Formation sr:~rinljs is m~tenric t.1at~~ r passing 

through the Chalk Marl Formation rocka. 

12. Trace metals in the groundwater are llerive~ fr•• the 

bituminous rocks containing ~riginally high cancrntratiana. 

13. The high Cr in the hiyh pH wateJ.' is the result of SIJO ilLon~uuf> 

ca•buatian af the bituminaua racka where Cr ia liberatell fra~ the 

organic matter and fixed again in retrograde ~etamar~hic minerala. 

-
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14. Varmouk River water and the water of most springs are suitable for 

dom~titic and irrigation purposes. 

15. Waters of Amman •n• Bitumin•u• M•rl f•rm•t1•n• r•nge.. 

from suitable to unsuitable for domestic ~urp•ee•. 

16. High 'H ~ter• •1' high C•, · DH, so 
4 

, an.l tr•c• metal• c•ncentr•tt•n 

•r• n•t auitable f'•r b•th ••mestic •n• irrigati•n purp••••· 

17. Pollution is Atart1ng to tako ! place and arfo !t: 1. t.ll r· nurf <oo : o· n fllll f p rs . 

•n• immediate measures ah•ul• limit the •i•ch•rge •f ws•te 

water into the aquifers, tltt=se aquif~! rR tunuld bP- snnnly made 

unsuitable to be used as fresh !AI8 ter · · sa~o.~rces. 

18. The present concli tions indicate that the c•llecte• water 

in the proposed 1.1\aqarin Darn ·~ul• be •ui t•ble f•r the IIi fferent 

purposes including domestic uses. 

-
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Table (1): Location of sampling sites not 

plotted on the map. 

Sampl1 nQ 51 te N E 

Spring No.£. 237,799.2 232,676.9 

A1n El 1Mardeehis 236,451.49 233,397.96 
' 

Spring No.7 

A1n Bs'bul 234,380,0 233,402.2 

A1n Sombel 235,118.8 233,229.0 

Ain et Trab 229,900 226,900 

Ain il Quuir Sprinys Issut:! fr[jl the 

basalts in the Syrian side. 

NRA-Saham Exp.23C..OOD 234.000 222.000 

Travertine zane seepage 236,981.7 232.739.96 

Ain Quelbe 231.600 231.000 

Ain Sh&laq 221.000 23{J.400 

221.200 240.100 
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Chemical Ca;;-.;:::osition of the Yermouk River WatEr . (•u~/1).Teb1e(2): 

Y.R 

25.5.81 

River 

~H 

Ca++ 

6.5 

30.06 

6.8 

30.60 

-
28.06 

.,.lj 
)' 

26.05 

-
9.0 

38.08 

++
Mg 32.83 13.38 26.75 19.46 24.36 

+ 
N1! 

K+ 

83.83 

3.96 

49.4 

4.82 

75.87 

2.35 

39.08 

1.96 

83.55 

4.[19 

Total Cat 

meq/1 

7.95 4.86 6.96 4.65 7.64 

co; 24.01 o.oo 12.00 o.oo 24.01 

Hco; 

OH 
207.47 

O.OJ 

158.65 

J.DO 

176.96 

:1.00 

152.55 

D.:JCJ 

176.96 

O.OJ 

ci 

No; 
88.67 

14.55 

54.46 

11.10 

75.25 

14.52 

57.33 

13. 10 

BE. 14 

16.58 

so~ 

Total An~ 

meq/1 

T.D.S 

71.43 

e.43 

451.0 

36.73 

5.~9 

279.7E 

70.27 

7.11 

393.55 

39.87 86.77 

5.07 8.25·- ·

m.sj 45:..06 

Eample No. Y.R Y.R Y.R v.R 

Dete 3.8.80 12.3.81 22.4.81 9.12.-80 

Source River River River River 

T 24.5°C - - -

' .. 



Table 3: Trace Metal Compoe1t1on Varmouk River Water. 

pH T.O.S Cu P1n Cr N1 Zn Pb Fe Co Cd Mo
Location Date .· 

p.pb.m p.p.b p.p.b p.p.b p.p.b p.p.b p.p.b p.p.b p.p.b p.-p.b p.p.b 

V.R. 3.8.80 6.5 421.11 7.23 4.93 11.35 11.32 0.0.5 19.63 0.194 5.17 N.D. N.O. 

II 9.12.80 6.5 273 11.6 13.6 29.1 18.3 . 20 21.1 497 12.4 N.D 14.7 

II 12.3.81 6.8 279 7.6 2.0 11.8 15.3 20 N.O 147 10.8 N.D 15.5 

" 22.4.81 393 6.6 5.0 17.4 14 50 20.1 151 14.0 1.6 12.7 

" 25.5.81 9.0 454 2.8· 6.6 2.0 6.8 10 12.5 297 17.9 1.8 15. 1 

Y.R.: Yarmouk River 

N.D.: Not detected 

Not determined 



T•ble 4: Che'llicel Composition or the Hig h pH water.i.,n ad1 ts. 

6e"l'le No. 

Date 1. 81 

Source eepege 

T 

pH 12.5 

c~+ .. so.96 
++

Mg zero 

+
Na S7.37 

+
K 25.27 

To tel Cat 27.89 
m~q/1 

cO; 30/01 

Hc5; J.OO 

OH  328.29 

Cl 76.29 

No; 3.05 

so~- >': .85 

Total An. 28.16 
meQ/1 

1289.62T. QS. 

12.3.81 

eepege 

12.5 

44.89 

zero 

67.82 

12.90 

25.48 

108.04 

O.'JJ 

239.84 

71.29 

4.20 

223.34 

24.43 

1175.97 

seepage seepagE 

2.4.81 5.5.81 3.6.81 ·s .. 8~eo 1.81 

seepage seepage • 

23.6.8 14.2. 77 

Seepag S.eepage 

12.5 12.5 

795.59 611.22 

zero 7.30 

47.46 59.77 

24.53 20.33 

42.40 34.22 

24.01 15.61 

o.oo o.oo 

534.11 395.31 

93.07 108.51 

7.44 o.oo 
;· 

321.43 451.48 

41.46 36.22 

1847.6.. 1669.53 

eepage 

12.5 

38.88 

zero 

66.67 

14.47 

.53 

36.01 

.oo 

278.73 

eepage 

12.5 

26.85 

.51 

70.69 

18.91 

25.56 

18.01 

.JO 

78.96 

eepage 

12.5 

18.84 

zero 

5.29 

4.22 

18.01 

.DO 

278.96 

Seepe 

29.0 

12.5 

15.63 

zero 

9.oe 

1. 11 

2.9t. 

108.0'

23.; ' 

5.29 

12.5 

456.91 

1.22 

45.28 

17.6Q 

25.45 

66.02 

o.oo 

243.24 

12.5 

454.91 

zero 

39.08 

13.69 

24.75 

36.01 

o.m 

284.41 

72.27 

3.J3 

12.00 

6.41 

2.28 

.4 2 

7.17 

95.05 

era 

32.95 

4.53 

1.75 

.86 

38.23 

2.0:: 

87.13 

1J. 75 

293.94 

25.25 

69.71 

6.66 

324.39 

24.85 

1126.06 1285.02 1127 1866.34 1363.84 1225.08 1140.89 



- -

Cont. TablE (4). r.z•. 

Sefll11 P No .l FS-1 T.Z• 
AfS-2 A-1 A-4 

-
Oete 5.8.80 16.8.80 5.8.80 5.9.77 6.9.77 

seepage seepege seepage seepageSource settpage 

24.5 24.5T - --
pH 12.5 12.5 12.5 12.5 12.5 

++
Ca 923.84 735.47 679.36 710.10 310.62 

++
Mg .zero 6.08 3.65 Zll!rO 7.30 

+
Na 45.98 124.15 50.58 59.77 68.97 

+ 
K 20.33 75.85 20.72 21.90 14.47 

To tel Cet. 48.62 44.04 36.63 38.59 19.47 
meq/1 

cO; 36.01 162.05 60.02 42.33 18.31 

HcO; o.oo o.oo 0.00 o.oo o.oo 
OH  682.10 435.46 474.58 523.06 175.88 

Cl  101.04 253.63 =74 .. 23 95.74 92.91 

No; 2.25 32.94 8.16 7.75 2.86 

so~- 223.34 204.61 20Z..61 356.38 286.26 

Total An. 48.64 42.64 42.4136.38 19.77 
meq/1 

T. Q.S. 2068.17 2030 1771t.70 pS77.58f575.93 

I 
• Tr!lvetine rene 

http:1771t.70


T•ble 5: Trace ~tel Com~oe1t1on or High pH W.tere. 

Location pH T.D.S Cu "'""' Cr Ni Zn Pb Fe Co Cd "" p.p.b . p.p.b p.p.b p • p itl - ~ p • p • b p.p.b p.p.m p.p.b p.p.b p.p.b p p.b p.p.bP·P·'" 

Adit A-6 10.1.81 12.5 - 11.97 8.90 lt15.82 39.88 0.03 C.9.09 0.085 24.37 5.04 42.69 

• 10.1. 81 12.5 1289.62 5.51 7.83 t.E.7.M 27.61 0.08 47.:32 0.184 :38.20 6.54 :32.38 

" 12.3.81 12.5 1175.97 5.58 4.3:3 lt25.12 22.21 0.0:3 31~02 . 0.056 37.94 5.96 32.39 

" 22.4.81 12.5 1226.06 6.18 7.38 437.35 25.62 0.05 55.97 o. 120 :3:3.51 5.89 28.42 

" 25.5.81 12.5 1285.02 8.62 6.21 419.4E 20.07 0.02 38.56 0.133 38.96 6.93 28.42 

II 23.6.81 12.5 1•27.87 6. 79 2.76 4QD.7D 18.79 0.02 41.97 0.125 47.53 6.35 27.63 

I&J.S.Seepege 5.8.8~ 

" 10. 1. 81 

" 12.391 

II 22.4.81 

" 23.6.81 

Tr. zo~e 16.880 

.. 5.8.80 

" 25.8.80 

~.0: Net detected. .. deter"1i ned. 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

1t!66.94 

13b3.% 

1225.08 

1140.~9 

1847.46 

2!130 0 24 

2868.94 

1575.93 

17.54 

8.37 

8.11 

7.52 

33.13 

16.71 

1!.. 4 5 

6.38 

7.99 

5.3Y 

8. 1[. 

10.01 

14.02 

19.42 

16.1A 

523.3::: 

!.S~.:J~ 

348.7!= 

..583.9.= 

535.7r: 

422.74 

161.0:: 

2f5.4E 

67.41 

~ 1. 4 3 

24.64 

21.35 

29.47 

66.00 

75.53 

53.65 

( 

D. 10 

0.11 

3.0~ 

0.0:? 

0.05 

C.13 

s. 10 

0.1~ 

95.79 

57.40 

4::.13 

43.85 

73.72 

e~. 96 

E1.15 

69.19 

0.081 

0.139 

0.1~3 

0.090 

0.125 

0.113 

0.161 

0.096 

39.65 

4 1.~? 

%.39 

31 .74 

52.21 

38.94 

50.22 

36.81 

9.7E 

7.46 

5.97 

E. 54 

1J.QE 

e.54 

9.91 

9.76 

49.£ ::: 

4"-~-

39.'J ;' 

26.,~ 

26. B!.. 

38. ~-;-

80.7 -:

t.6.3: 



Table 6: Chemical Compoai don of the Springe Water. 

Spring Spring Spring Ein el Eln Ai n-1111 Spring Ain- Ain- Ain Ain Ain 
S•ml!tle No. No.4 No.9 No.2 Qusier Ghezala Jrein No.7 Ba'doul Sombl!ll Quelbl et Trab Shala q 

D•te 4.8.80 4.8.80 4.8.80 24.9.80 24.9.80 21.7.79 6.9. 80 6.9. 80 6.9.80 10 • 11. 80 9 • 9 • 80 21.7. 7'= 

Source 

T 

Spring 

34.5 

Spring 

12.0 

Spring 

32.0 

Spring 

20.5 

Spring 

20.5 

Spring Spring 

22.50 

Spring 

23.00 

Spring 

23.00 

Spring Spring 

24.0 

Spring 

pH 6.9 6.8 6.8 8.5 6.8 6.80 6.80 6.80 6.8 

~ 

M9 
+Na 

88.18 

52.29 

91.96 

72.14 

' 
42.56 

66.90 

90.18 

30.40 

41.38 

78.16 

25.54 

85.06 

20.04 

15.51 

46.91 

52.10 

10.46 

57.48 

104.21 

23.10 

22.99 

128.26 

41.34 

41.38 

1'10.22 

20.67 

22.07 

68.14 

7.30 

15.17 

68.14 

7.30 

22.99 

60.92 

11.68 

39.08 

~ 4.69 7.84 5.87 3.91 5. 74 1.65 2.74 2.35 3.13 2.35 0.78 1.56 

Total Cet. 

rneq/1 

m; 
Hf03 

OH 

12.82 

o.oo 

427.14 

o.oo 

10.19 

o.oo 

488.16 

o.oo 

8.95 

o.oo 

366.12 

o.oo 

13'.80 

o.oo 

213.57 

o.oo 

4.43 

u.oo 

152.55 

o.oo 

6.00 

2.40 

147.67 

o.oo 

1.17 

o.oo 

378.32 

o.oo 

11.66 

o.oo 

390.53 

o.uu 

8.24 

o.oo 

372.22 

o.oo 

4.72 

o.oa 

207.47 

o.oo 

5.02 

o.oo 

225.77 

0.00~ 

5.74 

10.20 

138.06 

o.oo 

cr ·111.:n 9i.91 ~.95 1))...1 41t.33 81.56 39.18 " 79.39 61.86 22.68 22.68 54.25 

No; 1.07 0.64 0.60 136. 19 18.71 39.69 6.69 6.40 11.46 24.90 22.30 32.34 

so~- 117.46 42.75 68.25 40.80 16.20 31.70 62.69 111.91 28.82 14.40 6.45 19.21 

To tel An. 14.162 11.43 9.25 9.75 4.59 8.80 11.07 8.64 4.38 4.38 5.79 

"'eq/1 

T.O.S 746.55 573.02 484.69 589.86 247.74 350.86 450.76 606.40 444.34 258.68 263.53 326.7[ 

' 



• J 

Table 7: Trece Me~el Composition of the Springs Weter. 

Locetion Date pH T.D.D Cu Mn Cr Ni Zn Pb Fe Co Cd Me 

p.p.m p.p.b p.p.b p.p.b p.p.b p.p.m p.p.b p.p.b p.p.b p.p.b p.p. t.. 

Spring No.4 6.9 746.55 5.32 17.H1 7.22 15.65 0.01 18.60 0.063 '3.60 2.34 N.D • 

No.9 6.8 573.02 5.53 6.30 3.44 12.99 0.02 21.70 0.123 13.29 1.64 N.D. 

No.2 6.8 484.69 4.68 20.27 3.44 13.65 0.02 N.D 0.076 5.91 2.44 N.D. 

Quseir 8.5 589.86 13.65 25.02 3.09 15.55 0.09 23.81 0.371 N.D 1.51 N.D. 

Ghazelah 6.8 247.74 2.58 4.83 7.20 8.11 0.02 15.87 o. ,1BJ N.D. 1.00 8.38 

No.7 6.8 450.76 6~46 3.78 6.18 29.65 0.03 19.16 0.056 9.94 1. 79 N.D. 

Ba'boul 6.8 606.40 8.07 25.08 19.27 7.41 0.02 27.67 0.196 N.D. 1. 79 20.6 ~ 

Sombel 6.8 444.34 6.68 4.85 4.0~ 31. 17 0.04 17.03 O.D3J N.D. 2.93 6.2 E 

et Trab 6.8 502.86 6.93 5.12 2.74 12.17 0.02 12.27 0.052 5.94 0.97 N.D. 

Quelbe 6.8 258.68 8.89 9.01 4.31 19.61 1.59 55.91 0.122 12.46 2.17 N.D. 

N.D. Not detected. 



---------- ---
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• 
Teule (8): Chemical.Composition of Amman Formation Waters. 

~-;; 

Borehole Well 
Se~~le No. FS-36 FS-52 FS-35 NRA-W.S HV-11 FS-4 FS-34 - -fS<-37 FS-17 FS-26 FS-63 FS-62 FS-32 FS-18 

9.12.80 4.8.80 9.9.80 7.9.80 10.9.80 10.8.80 9. 9. 80 1.81 4.8.80 8.9.80 9.9.80 9.9.80 2. 10. 80 9. 9. 80 

Source G. W. G. W. G. W. G. W. G.w. G. W. G.w. G. W. G. W. G. W. G. W. G. W. G. W. G. W. 

T 
26.5 30.0 26.0 29.0 29.0 26.5 26.5 27.0 25.0 26.0 24.5 28.0 

pH 6.80 6.50 7.1 6.8 7.0 6.8 12.0 6.8 6.8 7.5 12~'0 7.1 8.2 7.1 

c: 96.19 76.15 3.65 106.21 14.03 90.18 206.41 90.18 104.21 68.14 44.09 42.08 22.04 49.09 

++
Mg 27.97 40.13 3. 65 32.83 9.73 30.40 3.65 35.26 37.70 6.88 3.65 9.73 10.94 25.04 

63.91 75.87 64.37 71.27 105.29 41.38 108.05 52.88 72.85 101.16 78.17 71.27 64.87 61.84 

1.65 10.95 6.65 12.90 7.42 5.87 333.52 2.74 4.69 7.04 14.86 6.65 8.29 7.43 

Total Cet. 9.92 10.68 4.87 12.83 6.31 8.93 23.83 9. 77 11.57 8.12 6.28 6.17 5.03 7.28 

0.00 0.00 36.01 o.oo 12.00 o.oo o.oo 421.00 463.75 42.71 0.00 24.01 24.01 12.00 

402.73 256.28 67.12 292.90 42.71 366.14 0.00 421.00 463.75 42.71 o.oo 79.33 54.92 36.61 

0.00 0.00 o.oo 0.00 o.oo 0.00 45.93 0.00 o.oo o.oo 8.51 0.00 o.oo o.oo 

ci 79.39 1]9.29 80.42 143.31 163.03 64.95 9J . 73 77.33 86.60 113.41 113.41 79.39 59.80 68.05 

1.00 0.75 2.18 2.46 2.60 0.60 12.97 1.00 0.89 3. 52 3. BJ 2.28 5.84 3.31 

42.48 138.09 6.45 152.74 12. DO 68.25 760. 32 45.59 65.87 144.57 84.60 69.00 58.20 6.24 

An. 9.74 10. 18 4.70 12.06 6.13 9. 10 23.4 7 10.05 11.42 7.77 6.27 5.78 4.69 6.90 

512.31 580.17 256.45 685.20 352.46 484.69 1625.60 515.48 603.71 489.29 387.10 347.08 281.45 238.77 



Teble(9): Trace ~t.l t concen reUon of A.nen fol"'Nt1on Meter•. 

Lo.:et:::., 

fS-)6 

fS-35 

Jan. ar1 

Sept.BO 

pH 

6.8 

7.1 

T.D.S 

pprr. 

512.31 

265.45 

Cu 

ppb 

3.88 

18.6/ 

ppb 

19.7.4 

11.65 

Cr 

ppb 

1.0. 

6.87 

ali 

ppb 

16.57 

17.51 

ln 

ppm 

16.10 

53.18 

re 
pprt. 

0.682 

0.361 

Co 

ppb 

13.29 

N.D. 

ppb 

1.?6 

1.77 

Me 

ppb 

7.36 

. 19.86 

"RA-11:.5 Sept.BD 6.8 685.20 9.07 22.75 6.51 31.51 1.11 54.67 0.316 13.~5 1.86 14.07 

HV-11 Sept. eo 7.0 352.46 11.33 19.05 17,.14 10.82 4.82 37.70 0.633 N.D. 3.43 11.43 

FS-37 Jen.81 6.8 515.48 3.47 14.73 4.64 13.17 7.49 15.10 0.443 12.39 1.93 11.04 

FS-52 Aug.80 6.5 580.17 5.01 25.36 5.09 14.82 0.02 22.04 0.121 8.86 N.D. N.D. 

fS-34 12.0 1625.60 13.60 11.65 8.31 48.51 5.87 527.73 o.26E 34.18 22.98 40.55 

fS-4 

fS-17 

Aug. 80 6.8 

6.8 

458.60 

603.70 

6.17 

6.60 

15.62 

34.25 

5.16 

5.85 

19.31 

17.31 

1. 72 

lt.31 

N.D. 

14.,7 

0.199 

0.529 

13.29 

5.91 

2.44 

2.73 

36.00 

N.D. 

11.5 9. 75 30.61 71.27 28.09 0.05 37.17 1.054 13.45 2.42 14.90 

rs ~: 7.5 489.29 16.27 87.95 7.95 22.M 6.06 162.91 0.613 N.D. 0.97 11.59 

FS-25 9.5 20.27 9. 75 9. 76 25.17 1.00 59.04 0.261 N.D. 1.94 18.21 

fS-1J 6.8 10.4~ 7.04 7.53 18.61 4.04 44.83 0.61~ 10.62 2.26 14.07 

FS-6: 12.0 387.10 16.53 41.45 2.12 19.33 281.25 0.420 11.15 1.77 23.17 

F5-::.£ ~.01 347.08 13.6CJ 5.96 1.45 16.7e ::!.BJ 43.98 0.233 N.D. N.D. 10.76 

fS-2 1 7.5 432.71 16.00 14.36 3.25 15.68 15.28 227.05 2.636 N.D. 3.22 N.D. 

FS- ~ ~ 

FS-22 

FS-32 

7.1 7.1 

7.4 

8.2 

6.8 

238.81 

281.45 

21.07 

41.72 

21.48 

25.34 

17.92 

23.61 

6.97 

32.24 

4. BJ 

7.2':; 

4.67 

6.6e 

29.07 

30.42 

24.00 

21.89 

6.15 

1J.51 

2.55 

15.82 

150.34 

169.64 

125.79 

557.68 

0.527 

0.338 

0.16J 

1.034 

N.D. 

26.01 

N.D. 

4.96 

3.46 

2.42 

N.D. 

5.33 

8.28 

48.00 

10.67 

N.D. 



' I , 

Cent. Tebla 10 

-- -" 

Seme-le No. s-10 I - 18 n-'70 ES-9 1 -e 1-26 S-3
IV - ' FS - ' ' 

Date 10.9~ 8.9.80 7.10.80 10.9.80 10.9.80 10.9.80 10.9.80!4.9.!1:1 25.9.80 

Source 25.0 26.0 28.0 lerahala larahah Barahela Berahala Barahala Barahola 

T 27.0 27.0 26.0 28.0 28.0fuO 

j:tH 1.9 8.5 7.0 6.8 6.8 6.8 12.5 7.0 6.8 

20.06 370.74 92.18 262.52 140.28 416.83~: 122.21t 18.0it 14.03 

++ 
Hg 31.62 8.51 13.38 25.51t 26.75 29.18 4.86 36.05 71.74 

+ 64.37 45.98 63.91 202.08 188.75Na 108.28 38.62 71.27 91.96 

~ 9.78 25.02 22.29 12.12 14.47 7.43 5.875.81 10.56 

24.07 9.31 16.66 18.98 35.05Total Cet. 10.56 3.55 5.15 8.14 

meq/1 

ro; o.oo 30.01 12.00 24.07 o.oo o.oo 90.03 o.oo o.oo 

353.92 o.oo 201.37 lt51.55HC03 231.88 36.61 36.61 109.84 451.55 • 

OH o.oo o.oo o.oo o.oo o.oo o.oo 18.71 o.oo o.oo 

101.06 213.42 362.91ci 103.10 57.71t 89.10 107.04 81t.39 50.52 

No; 3.38 3.38 2.53 2.88 6.20 3.52 3.72 59.00 9.36 

so~- 60.60 121.20 610.46 92.40 '54.36 319.88 883.75219.50 6.24 

To tel An. 11.31t 3.87 ,.83 8.02 22.59 9.21 16.1t7 17.83 36.18 

lfteQ/1 

1078.83 2164.90465.97 1410.98 502.86 1013.64r.:o.s ~.81 191.1t0 291.40 

http:so~-60.60
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T•ble: 11 Tnce ...bl C.~~puid tien ar the 81 tUII1noue ...rl fozw•thn. 

Lec•U•n D•t• t~H T.D.S Cu "" Cr 11 Zn Pb fe c. Cd Kl ....... P•P•• p.p.b ~ ...... p.p.b ...p.b P•P•• p.p.b P•P•• . ...p.b p.p.b p.p.b 

HV-5A Aug,eo '·5 5.70 6.81 41.37 8.25 17.98 O.Oit 20.67 0.360 5.91 2.89 25.38 

AV-2 Aug. ,80 6.8 505 .....7 )6.44 4.13 22.64 0.09 17.57 O.ltlt6 88.12 2.27 28.85 

BV-2 Aug. ,eo ,.5 lt66 8.51 14.80 5.85 3.33 0.04 17.57 0.249 7.39 2.19 27.69 

HV-10 Aug. ,eo 6.5 lt21.3 9.36 14.52 3.10 16.32 0.04 16.53 0.120 III.D. 1.02 17.21 

i1V-8 Sept. ,eo 6.8 545 7.1t7 ~8.81 7.19 24.68 11.76 86.86 0.505 N.D. 1.59 1.3.71 

AV-1 .._y,B1 7.4 381 2.75 28.6lt 19.52 15.37 3.16 31.34 0.857 11.69 1.39 I .. D. 

HV-2 Aug. ,eo 6.8 383 10.00 13.15 7.22 20.64 3.59 21.70 0.325 N.D. 3.90 N.D. 

S-29 Aug. ,80 6.8 520 5.32 11.51 2.75 13.65 1.41 14.03 0.088 8.86 1.46 N.D. 

HV-7 • 6.8 394 5.53 30.14 2.06 11.99 Q.24 N.D. 0.393 19.94 1.71 13.85 

FS-47 6.8 48.27 74.1t9 17.71 69.67 19.05 84.19 0.227 31.15 5.09 62.07 

rs-70 6.8 lt66 11.47 70.43 3.25 12.77 o.:n :3.3.89 0.477 6.37 N.D. N.D. 

FS-26 7.4 489  16.27 87.95 7.95 22.61 .(6.06 162.91 0.613 N.D. 0.97 11.59 

S-20 8.o 16.09 14.09 15.18 26.63 6.1t4 159.6.3 0.673 12.74 2.1t2 16.55 

s-a 12.5. 1009.9 19.57 1).65 12.69 37.52 4.21 102.18 0.623 23.78 4.35 135 

&-26 7.0 1078.83 15.45 11.44 7.54 61.52 8•80 117.06 0.931 26.75 3.26 54.1 

FS-71 7.2 410.1.3 26.27 36.68 5.49 20.96 15.32 136.86 1.876 N.D. 1.50 N.D. 
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T•bl• 12 W.~•r qu•llty •f V•~uk R1v•r w.~•r· 
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).8.80 
I 

9.12.80 
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25.5.11 
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lt51t.06 
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s-.1• ••· Date TDS Herdn••• lt8 SAR 

p~ caea PP•3 

w.s. a ..... ,. 5.8.80 1866.91t 21.38.79 5.22 0 • .3) 

• 1.81 136.3.84. 1.36.3.84. 0.5.. 

• 12.3.81 1225.08 111t7.1t8 10.02 O.i2 

• 22....81 111t0.89 11..7.21t 8.20 0.51 

• 23.6.81 181t7.98 1988.98 6.)7 O.lt7 

Adlt A-i 1.81 1289.62 1227.).3 12.87 O.elt 

• 12.3.81 11175.97 1127.19 12.87 0.89 

• 22.1t.81 1226.06 1097.20 11t.22 0.)) 

• 25.5.81 1285.01 1102.02 13.9) 1.1t1 

• 23.6.81 1127.87 10it7.10 13.71 0.88 

5.8.80 20D8.91t 21t..9.21 0 ...2 

20l0.21t 186).60 lt8.51 1.25 

Adlt AFI-2 5.8.80 1575.9) 171).)7 7...5 0.5) 

Alll t A-1 5.9.77 1771t.70 1775.25 a. lit 0.62 

Actl' .... 0977.58 806.1t8 17.)1 0.92'·'·'' 

http:1771t.70
http:10it7.10
http:22.1t.81
http:11175.97
http:181t7.98
http:111t0.89
http:1.36.3.84
http:136.3.84
http:21.38.79


&ARTO& Hardn••• I N• 

•• CaC.3 (pp•) 

Fl-36 9.12.80 512.31 355.15 28.1t3 1.1t8 

NRA-W.& 7.9.80 685.20 lt69.95 11t.OO 1.1t3 

rs-lt ~t.e.eo · lt58.60 320.0it 28.:33 1.29 

f'&-52 ...8.80 580.17 351t.91 33.52 1.35 

HV-11 10.9.80 352.1t6 71t.97 76.23 5.30 

f'S·31t 9.9.80 1625.80 530.99 55.52 2.00 

Fi-17 lt.a.ao i0l.71 lt15.10 28.26 1.55 

r&-36 8.9.80 lt89.29 195.28 57.00 2.90 

r&-&l 9.9.80 387.10 125.19 60.19 3.00 

r&-i2 9.9.80 31t7.08 11t5.09 53.00 2.60 

Fl-18 9.9.80 238.77 217.89 39.56 1.80 

r&-32 2.10.80 281.1t5 99.95 60.2.. 2.80 

Fl-37 1.80 515.1t8 370.02 21t.26 1.20 

r&-71t 21t.9.80 lt69.22 81t.91 57.31t 2.9.. 



., 

s..,la Ia. Data TDS Hardnaaa

•• c.c., 
~ Na SAR 

~Pill 

HV -SA 

HV -2 

AV -1 

HV -8 

HV -10 

HV -7 

ES -9 

AV -2 

BV -2 

& 
_, 

8 -8 

3.8.80 

:3.8.80 

25.5.81 

.24.9.80 

:3.8.80 

4.8.80 

10.9.80 

13.8.80 

3.8.80 

10.9.80 

10.9.80 

569.91 

382.69 

379.89 

544.50 

421.32 

398.95 

502.86 

504.66 

466 

2164.90 

1017.61+ 

360.0 

305.05 
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21.57 

25.17 
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)).68 

21.11 

23.85 

18.92 

1.44 

0.86 
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1.20 

0.9) 

1.03 

1.20 
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0.9 

2.3 

1.10 
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