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Abstract

Hydrogeochemical study and identify the origin of water wells were curried out in the region surrounding of
Ramadie city in Al-Anbar province, Irag. Results of the study showed that the groundwater in the study area
mostly is very hard and alkaline nature as hardness values ranged 324.2 to 1763.5 and as pH values ranged 7.12
to 7.81 respectively. It has conducted a test of accuracy of the chemical analysis for collected water samples and
shows it's very accurate and within the permissible limits and reliable in the chemical interpretation. In the
present study "Piper diagram™ have been used for manipulating analytical data to estimate the chemical type of
groundwater in the study area. Depending on this diagram the groundwater in the study area is considerably
dominated by Sulfate type and four hydrochemical facies of water have been detected. These facies are "Na'-
S0, ", "Na'- CI' "" Mg*- SO, " and " Ca®*- SO, ". To decide the groundwater origin of hydrochemical
functions such as rCa / rCl rMg / rCl, rNa / rCI, rK / rCl, and rSO, / rCl in the studied water samples have been
calculated and compared with the standard values of the seas and oceans waters. The result shows that the origin
of the water in the study area is infiltrated meteoric.
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Introduction

The hydrochemistry of groundwater study is one of source of water. General Company for drilling wells
the important studies in order to obtain new water has been drilled a number of wells around the Ramadi
sources as possible to be used for the development of city. Seventeen wells were selected for the purpose of
irrigation, agricultural, industrial areas and for the the current study which is located around the Ramadi
drinking purposes [13] and [23]. These sources can city between latitudes 32° 55' 00" to 33° 26' 05"
be use after modern purification processes by an North and longitude 42° 31' 11" to 43° 47' 21" East
operation to get rid salt and germs by using the (Fig. 1). The main objective of the current search is to
process of chemical and biological analysis. It may be study the hydrochemistry and identify the origin of
noted that many countries especially neighboring groundwater in the region surrounding of Ramadie
countries consider the groundwater are the main City. A large number of studies have addressed this
source of water so as to lack of rivers and other subject in recent years, including [4], [1], [2] and [10]
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Figure (1): Location map of the study area showing studied water wells
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Geological Description of the Study Area

Injana and Fatha Formation represents the main
formation in the study area and covered by alluvium
sediments which consist mainly of fine to medium
gravel and colored sand overlapping with silt and clay
sediments [24] and [20]. Secondary gypsum deposits
were presented in alluvium deposits resulting from
the formation of Bakhtiari [8]. The study area
characterized by the absence of folds and faults and
this confirms that there are no tectonic movements in
the region. Due to the low permeability of the layers
or deposits, lack of rainfall and high evaporation
rates, the possibility appearance of groundwater is
poor and quality of ground water is unsuitable for
human use so it is used exclusively for specific
purposes only, due to the high concentration of total
dissolve solid (TDS) in the groundwater [16].
Climate

Recorded of the temperatures within the study area is
-7.6° C to 50.7°C and annual radiation of the sun's
energy ranges between (240-750) mille watts / cm? in
every 8.8 hours of radiation on day [5]. Rainfall in
Al-Anbar province in which the study area is located
is intermittent and highly variable in space and
varying between 50-150 mm/year [5]. The average
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monthly of evaporation in the study area ranged
between (150 - 183) mm and annual rates between
(1260 - 2200) [5]. Relative humidity values in the
study area ranged from 22 to 76 %, where the annual
average relative humidity less than 50%. All climate
information's were recorded in Ramadi stations for
the period of 1967 to 2010 [9]. According to the
climatologically factors which have discuses above,
the study area is mainly affected by dry desert
climate.

Methodology

Seventeen wells drilled in the study area by the
General Directorate of drill water wells in Baghdad
have been selected. Global Position System (GPS)
system has been used to determine the wells locations
and heights above sea level as shown in (Fig.1) and
Table (2) respectively. Seventeen water wells sample
collected from different site of the search area have
been subjected to physiochemical analysis in the
Directorate-General for the drilling of wells
laboratory. The water wells sample were analyzed by
standard methods for water analysis [13] which are
listed in Table (1) and the measured values of
physiochemical analysis are presented in Table (2).

Table (1): A summary of the methods used for the analysis of water samples

Serial No Parameters Methods
1 pH, Total Dissolve Solid (TDS) Electrolytic
and Electrical Conductivity (EC)

2 Na”" and K* Flame photometer
3 Ca’’, Mg*, EDTA titration

4 HCO?, H,SO, titration

5 Cr AgNOs; titration

4 S0,% Spectrophotometers

Table (2): Chemical analysis of collected well water samples (Units in ppm except Electrical conductivity

(EC) in ps.cm™

Well | pH EC TDS | ca® | Mg¥ | Na' K™ | HCO; | SO,Z | CI' | Depth | Eleveation
No. (m) (AMSL)
w1 | 7.12 | 3230 | 2330 | 210 87 318 8 260 624 | 497 | 140 94
W2 | 7.43 | 8470 | 4000 | 402 | 185 294 | 205 85 1358 | 656 | 100 91
W3 | 714 | 4690 | 3312 | 285 | 130 460 23 410 912 | 696 | 100 92
w4 | 7.2 2690 | 1862 | 175 60 248 3 220 560 | 340 | 100 87
W5 7.2 3400 | 2426 | 235 | 102 350 12 285 720 | 554 | 100 93.5
W6 | 7.19 | 3990 | 2922 | 211 | 110 359 5 245 866 | 455 | 130 91
W7 | 7.41 | 3880 | 2858 | 269 | 170 248 6 260 | 1026 | 441 | 120 93.5
ws | 7.27 | 4200 | 3038 | 300 | 140 446 | 208 | 261 | 1180 | 614 | 200 925
W9 | 722 | 3550 | 2310 | 181 | 88.1 410 | 535 ] 365 655 | 497 | 142 91
W10 | 7.22 | 2970 | 2136 | 69 37 428 14 268 512 | 361 | 90 89.6
W11 | 7.41 | 3230 | 2465 | 187 88 322 | 46 441 683 | 331 | 108 89
W12 | 781 | 3630 | 2474 | 171 | 128 423 | 71 290 789 | 553 [ 99 102
w13 | 7.22 | 1610 | 1100 | 89 68 79 5 48 361 | 170 [ 90 93
W14 | 7.21 | 3150 | 2300 | 160 96 190 4 101 798 | 171 | 112 91
W15 | 7.16 | 3770 | 2712 | 200 | 160 262 14 212 845 | 490 | 150 95
W16 | 7.81 | 3630 | 2723 | 171 | 125 423 | 7.1 290 759 | 583 | 130 91
wi7 | 7.2 815 625 84 29 49 11 64 254 | 75 | 201 110

Accuracy of Analysis

Many errors can occur in analysis while conducting
tests, including chemical reagents used for the
analysis or human error or distilled water quality etc.
[7]. Therefore it is necessary to be determined the

accuracy of the analysis. In the present study the
accuracy of analysis which is called a relative
difference (R.D) has been calculated using the
flowing relationship [15].
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R.D = (3. Cation - > Anion) / (Y Cation +

> Anion)*100 ...... 1
Which represents the ratio between the different
summation of cation concentrations and the
concentrations of Anion ions divided by the total
summation in units of equivalent per million (epm),
multiplied by 100. If the value of R.D is less than 5%
the accuracy of the analysis is very high and if
between 5% -10% are medium and if it is greater than
10% is not possible rely on the analysis of changes in
the hydrochemical [7]. When using the accuracy of
analysis (R.D) method in the present study as shown
in Table (3), it has observed that chemical analysis of
water samples were accurate and within the
permissible and reliable in the chemical
interpretation.

Table (3): Relative difference of chemical analysis in the

present study

Well No. | >Cation | YAnion | R.D | Type
1 31.66 31.26 | 0.63 | Certain
2 48.57 48.16 | 0.42 =
3 45.49 4533 | 0.18 =
4 24.53 24.85 | 0.65 =
5 35.63 35.28 | 0.50 =
6 35.30 34.87 | 0.61 =
7 38.32 38.06 | 0.34 =
8 46.40 46.16 | 0.26 =
9 34.23 33.63 | 0.89 =
10 25.45 25.23 | 043 =
11 30.68 30.78 | 0.17 =
12 37.61 36.77 | 1.14 =
13 13.59 13.10 | 1.84 =
14 24.23 23.10 | 240 =
15 34.86 34.88 | 0.03 =
16 37.37 36.99 | 051 =
17 8.99 8.45 | 3.07 =
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Calculation of Total Hardens
Total Hardness (TH) is a measure of the amount of
calcium and magnesium ions present in the water
expressed as equivalent mass of calcium carbonate
per volume of water which can be calculated using
the fallowing relationship [22].

TH= 2.5(Ca*") + 4.1(Mg*") .2
Where the concentration of Ca* and Mg?" are
expresses in parts per million (ppm) units. The total
hardness values were calculated for the water sample
collecting from the studied wells and it is ranging
from 324.2 to 1763.5 as shown in Table (4). With
correlated these values with the values that have been
identified by [22] as shown in Table (4), it has been
observed that the groundwater in the study area
mostly is very hard. In addition to determining the
water hardness the nature of water well in the study
area also has been determined through pH values
which ranging from 7.12 to 7.81 and this indicates
that the water in the study area is alkaline nature.
Results and Discussion
Hydrochemical classification
There are several methods used for hydrochemical
classification including Schoeller [19], Sulin [21],
and Piper [18], and all these methods designed to
identify water quality, source, origin and the balance
between the different water sources. The best
graphical method is the Piper diagram due to it can be
plotted a lot of water analysis on the same diagram as
well as it can be used to classify water and to identify
the mixing of type's water. In the present study
reacting values of major ions have been plotted in
"Pipers trilinear diagrams" as shown in (Fig. 2). It has
been observed

Table (4): Hardness values for the water sample collecting and water hardness classification accords [22].

Hardness values for the water sample Water hardens [22]
Well No. | Ca* (ppm) | Mg ™ (ppm) | Total Hardens | Water class | Hardens
(TH) (ppm)
W1 210 87 881.7 Soft 0-75
W2 402 185 1763.5 Moderately | 75-150
W3 285 130 12455 Hard 150-300
W4 175 60 683.5 Very Hard >300
W5 235 102 1005.7
W6 211 110 978.5
W7 269 170 1369.5
W8 300 140 1324.0
W9 181 88.1 813.7
W10 69 37 324.2
W11l 187 88 828.3
W12 171 128 952.3
W13 89 68 501.3
W14 160 96 793.6
W15 200 160 1156.0
W16 171 125 940.0
w17 84 29 328.9
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that the among major cations of the well water

samples are mostly located close to the (Mg®* + Na?*)
end while in the triangle of anions the position of the
water wells indicates dominance of SO, with
significant portion of CI" but comparatively low
HCO," in the water", Hence, water wells in the study
area is considerably dominated by Sulfate type and
four hydro-chemical facies can be chemically
distinguished such as: " Na*- SO, facies", " Na*- CI
facies", "Mg®- SO,* facies”, and " Ca?- SO,*
facies". The first hydro-chemical facies (Na"-SO,%)
is a bulk which is the predominant facies in the study
area and represent 41.2% as shown in Table (5). Type
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Il (Na**- Cl ") accounts about 30% of the studied
water samples. Type Il accounts for about 17.6 % of
the total samples studied and the fourth type accounts
for 11% of the total number of samples studied.

Table (5): Types of water in the studied wells

Well No Type Percentage of studied
of water water sample
1,3,5,916 Na-Cl 29.4%
2,17 Ca-SO, 11.8%
4,6,8, 10,11, 12,14 | Na-SO, 41.2%
7,13,15 Mg-SO, 17.6%
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Figure (2): Pieper diagram showing the chemical composition of groundwater in the study area

Origin of Groundwater in the Study Area

The study of hydrochemical functions for water is
one of the important topic in determining the origin
of water in addition to the studying of changes that
obtain on major ions, especially when compare these
values with sea water where that the ratio of major
ions to chloride for seawater is fixed for all solutions
which reach to saturation for salt of halite [11].
According to [17] the water within the earth's crust is
divided on the basis of their origin to the meteoric
water or sea water. To decide the groundwater origin
in the study area four hydrochemical coefficients
have been used such as rCa/ rCl rMg/ rCl, rNa/ rCl,
rK / rCl, and rSO, / rCl [12] . These are the main
hydrochemical functions which are taken the
respectively values 0.4, 0.2, 0.85, 0.2 and 0.1 of seas
and oceans water as a standard values which used to
determine the origin of the water in the study area.
The small letter (r) in all functions indicates that the
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units used in the calculation of these functions are
equivalent per million (epm). It has been chosen the
chloride ion to know the geochemical behavior of
each element by the ratio of each element to the
chloride ion and this is term "hydrochemical
function”. This is because of the chloride ion is more
elements scalability solubility and less ions affected
by the physical and chemical variables in the water in
addition to that it is not affected by operations of
adsorption and ion exchange by clay minerals [14].
The hydrochemical functions of the water wells
sample have been calculated and compared with the
standard values of the seas and oceans waters. The
calculated values have been presented in Table (6).
rCa/rCl

The calculated rCa/rCl values of the studied water
well were exceeding standard sea water in all samples
except well number 10 because of the increasing of
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Table (6): Calculated values of hydrogeochemical functions in the studied wells

Well "Hydrochemical functions "
No. | "rCa/rCI" | "rMg/CI" | "rNa/rCI" | "rK/rCI" | "rSo,/ rCI"
1 0.75 0.51 0.99 0.01 0.93
2 1.09 0.82 0.69 0.03 1.53
3 0.73 0.54 1.02 0.03 0.97
4 0.91 0.51 1.13 0.01 1.22
5 0.75 0.54 0.98 0.02 0.96
6 0.82 0.70 1.22 0.01 1.41
7 1.08 1.12 0.87 0.01 1.72
8 0.87 0.66 1.12 0.03 1.42
9 0.65 0.52 1.27 0.01 0.97
10 0.34 0.30 1.83 0.04 1.05
11 1.00 0.77 1.50 0.01 1.53
12 0.55 0.67 1.18 0.01 1.06
13 0.93 1.16 0.72 0.03 1.57
14 1.66 1.63 1.71 0.02 3.45
15 0.72 0.95 0.83 0.03 1.28
16 0.52 0.62 1.12 0.01 0.96
17 1.99 1.13 1.01 0.13 2.50
the Ca®" ion concentration in the water (Fig. 3). There e
are two major process explain increasing of ion o S N
concentration of calcium in the water. The first 514 _______________________________________________________ ke
process is the cation exchange between Mg2+ in the ol AT
water with Ca*" in the surrounding rocks during the T S A S Ny N A
hydrochemical formation of the old marine water MY e N
genesis. The second process is from the discharge E2;:_':::::::;:_"_::::::si‘;;@r_“gw_m
process of the aquifer materials as a result of deep 00 — :
meteoric Water perco|ation [12] 1 23 45 6 7 8 9 1011121314151617
Well No.
DT SSLLEEEEEEEEEEES Figure (4): Values of rMg / rCl_for all studied wells
S water
1 ~-con rNa/rCl Function
e 4 N O It is one of the best functions in determining the
L I N PR SN S origin of groundwater where it will be more than one
g in the meteoric and it will be less than one in the
S0 pooriorrrs I s ot s o Stendard sea water marine water [12]. ([:ig_s) shows the value of the
L function of the water samples in the study area which
12345673 9001213115161 is ranging from 0.69 to 1.83 and an average of 1.13.
i Well Xo. i In correlated these values with the standard sea water
Figure (3): Values of rvcv:t/e:d_for all studied wells it is observed that the rate is much higher than one

rMg /rCl Function

It has been observed from the (Fig. 4) that the
hydrochemical parameters of rMg /rCl more than the
standard value of sea water in all samples. The
observed high value of Mg®* ion concentration in all
studied sample is because of the exceedingly flushing
action of the percolating meteoric water and the
process of leaching of meteoric water on constituents
of rock [12].

thus, these waters are meteoric origin.
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rK/rCI Function

The rK/rCl values ranging from 0.13 to 0.01 in the
studied well water as shown in (Fig.6) and it is found
to be less than standard sea water value including all
water samples. The decreasing K™ ionic concentration
in the water samples below seawater may indicate
that depletion of K* in the well water sample either
due to the low amount of potassium in the sediments
or adsorbed the K* by clay minerals such as
montmorillonite and illite [3].

Standard sea waker

——KCl

K/Clealenkted yalnes

1 2 3 45 6 7 8 91011121314151617

Well No.
Figure (6): Values of rK / rCl for all studied wells water
rSO,/ rCl Function

It is playing a prominent role in ground water study
because it is very common ions in the study area. In
all studied wells the rSO, / rCl were observed more
than the standard seawater value (Fig.7). The increase
of sulfate ion concentration is mainly because of
dissolve the gypsum occurred in the soil of the study
area or due to the leaching process of meteoric water
percolation [3].
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