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The study area is located in Kirkuk Governorate along the area adjacent
to both sides of the Kirkuk irrigation project, starting from Debs Dam to
the end of Tuz Khurmatu district, with an area of about 220 km2. It is

situated between longitudes (46°50'00” and 41°00'00~) and latitudes (38

°50'00” and 39°40'00”). The depths and groundwater levels in the study
area (Debs and Tuz Khurmatu) range between 4-36 m and 178-262 m,
respectively. Fifteen water samples are collected from well waters in the
study area, and their physical and chemical tests are carried out. The pH
values range between 6.5-8.5, total dissolved solids (TDS) values
between 1732-429 ppm, and the values of the electrical conductivity
(EC) range between 671— 2706 ps/cm. The values of the major cation’s
concentrations: calcium ion (Ca*?) between (313.60-85.38 ppm), sodium
ion (Na*) between (43.18-205.43 ppm), magnesium ion (Mg;*) between
(142.18-29.34 ppm) and potassium ion (K*) between (27.99-8.28 ppm).
The values of the concentrations of the major anions: sulfate ion (5042)
range from (680-19 ppm), chloride ion (CI-) between (692—63 ppm), and
bicarbonate ion (HCO™®) between (220.66— 77.76 ppm). As for the
secondary components concentrations: nitrate ion (NO*) ranges between
(8.66—4.16 ppm) and phosphate ion (PO4?) between (2.15-0.78 ppm).
As for water classification, the Piper (1944) and Stiff and Gibbs
classifications are used in this study. According to Piper's (1944)
classification, the waters are classified as alkaline earth waters with
predominant sulphates or chlorides, or alkaline earth waters with an
increased alkali fraction. As for the Stiff classification, it turns out that
the ion (Ca*?) and the ion (Mg*?) are the dominant major cations, while
the chloride ion and the sulfate ion are the dominant major anions.
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161.56 596 660 2
212.00 365 680 3
194.82 468 542 4
220.66 576 622 5
155.00 234 388 6

73.44 255 412 7
133.92 238 510 8
168.48 149 322 9
151.20 290 610 10
159.84 146 304 11
164.16 148 298 12
77.76 489 456 13
138.24 63 194 14
123.62 89 258 15

Minor Contents 4yl clig<al)
Nitrate lon (NOz") il ¢

Crng Al Ol «Cig e s LSy (Manii, 2009) G sl slaall b cpmg il JISaT aal aaf il (sl sa
-(Al-Manami, 2002) Liguasll alsall 8 32919 Aibaginsill) 8y52l) 3 aga yuaic

donal) cOLadll slay « laeY) olia jliad) 538 (e cAadsal) sball & il jilas (e waal) Sl
-(Al-Zaibe, 2000) (oo} Laliall dam ANy cdapll & sl cilileall 4535 «(Sewage)

(6 Js2») (8.66 ppm—4.16 ppm) ¢ duball dilaia U1 & (NOgY) Ossl 3SI5 sl
Phosphate lon (PO43) el 50

(PO4®) o dunaudall sliall 8 ale sagn (53 Sally (P*5 - P3) (py sapae 2uSh cVla 3 jshusdl) 2y

sl 138 Jsang Ldiiall cladll o Jusd) Gaaluse cBlind (e zas Poly phosphate 3 Wi «(Hem, 1989)
.(Mckenzie et al., 2001) Orthophosphate I

s «(2.15 ppm— 0.78 ppm) ¢ Lo Zubyall dkie SUT & (POs) Slessdll (sl 3815 ad cangls
DEb aag Vs Ay Ghlie & zilall leie 83l dilaidl oy ¢ ) lead ans Yy Db a5 5SIAD 22
(6 Jsoa) cilegysall Eilesl 5aan) Jlasiad elifiuly g dydal) cllledl

Al dihia b Ldgal) oball Major Cations dewil) dlull ciligh) ad :6 Jgaall

PO4 ppm NOs ppm zigail
1.25 8.66 1
1.02 8.12 2
1.22 7.88 3
1.68 6.49 4
1.48 8.55 5
0.97 4.322 6
1.26 5.12 7
2.15 5.34 8
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1.55 5.18 9
1.4 6.42 10
0.88 4.86 11
1.12 5.74 12
0.94 6.48 13
0.78 4.22 14
1.24 4.16 15

Water Classification sliall sl
Leanifig olaall 4ibuall (allacll il dadles dann Al @hhally Cllally Canlaill (o € 2ae aadig
Al el 8 el ClsSal) pilean waat b sball Chiiea duaal (aSis - JelSiall auinll Lgtinghy gaa
dalgall paaty Lo dalaie PlA laygye die dadsall sl dLaliy el Giloa 3 ohailly coluall dic g paas
i sy ((1944) oub caiad ((GibbS) Cauial Ly casbiad sac duball o8 (4 Cuerdiul N
.(Stiff)

(Gibbs) iyl

G5 ST LS Jalsall 038 -olual) £ilaa o 5555al) danhal) Jalgad) o Coyetll Laga ciieatl) 138 aag
(3 JSall) (Umar, 2024) JUacdit Jbaag ¢ ysieally slal o Jelislly ¢ jaall Jadis (2021) 033

100000
100000
10000
10000
o
o
= W
o)) E 1000
é 1000 ;; &
z Mok W t:: 2 E Rock Weathering
ri :
o o¢ 'ea ermg Dominance
Dominance
100
100
10
10
1
. 0 0.2 0.4 0.6 0.8 1
0 0.2 0.4 0.6 0.8 1
CI'/(CI+HCO3) Na*/(Na*+CA?*)

Al diia b dgal) olual) L) b Ldgal) sbaall sluasS o Bijall dunulal) Jalgal) iags Gibbs Jakaia .3 <
(Piper Classification, 1944) _ub ciyias

el mil Jaal DA Ldedll Gub o sbad) dueg dbped dasdl FHLI asl) Canadl) 13 sy
Gl Gamdsg i daY) goluie Gaay Giifie o Adldly dingal) s (EPMO0) = leie Dy iskuasl)



SSS ) goral ilaall dibuiall 3 dbsall oluall A8laaSs gl Gailiadll pis
Lngall Cligd 58 ) Caiad) Wl cdelall Cojlie olat) (Say adde sl olad) (y6Sog cdllad) i (yadY)
Al 23l Aglle i€ gy ¢ cAiell o1 QS JAGT Gl andiens deladl Gojlie slasly Ao 56l
zalal) Jullas il DA Jiel) maags JISEY) s2a o)) 3) ¢(3) JSal) & WS (@) capally (C) caall plige o
@slal) slaall 21)5lS gl Bl iyl e Al Bl slae Lgil o L sliall Ciim Cun Al dilaia b Aslal)
54 Ol Jall o Dkl sluall 2)5l< i) iy Sl g Gl Aagll sliag bl eha 50l pa w2V
(5

Primary Title

Secondary Title

Chioride (C1)

CalSiom (Ca)
CATIONS Yomeaqn ANIONS

(Piper trilinear diagram, 1944) 33 juls kabia .4 J<al)

Piper Diagram

,
s
0

AL ODONAWNS

ONLWNAO

ped A g g 00

Chioride (Ch)

Caicium (Ca)
CATIONS Semean ANIONS

Al didaia b oliall (glastl] Julasl) guilisl DAY Jdiadl) .5 (il
(Stiff) cliw i
LYY slae 3Ll Ayl Aullially damsal) cligY) 305 cp AN HledaY s Aluag Chaiaill a2y
Akl gl ly chaladdl e (gpead) dgadl o Langal) Slis) Lias 3 ¢ ly Jahie dlalussy (MEG/) lassy
Oty dualpal dahaia & LY ol 3l e (SHIfF) diia okt DA ey el Cung 4 i) 2gall e
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b Osly ApslCl) Ol n G cuat )l dangall ilin) 3815 dedie B asseniall Gals pguall) Osl o
(6 JSall) Ayl Aalad) lig) 5SIA1 daaally il Lea

Stiff Diagram Stiff Diagram

Cations meq/l Anions Cations meq/l Anions
12

Na"K Na+K

( . I
Mg

Na+K, Na+K

Ca( 03+C03 03+CO3
Mg

Na+K, Na+K,

Ca( 3+CO3 03+C03

SO4
Na+K Na+K

O3+CO3 03+C0O3

Stiff Diagram Stiff Diagram

Cations meq/l Anions ) .
Cations meq/l Anions

a+|(
3+C03
a+K
Ca 3+CO3
Na+K

Na+K, Ca&mcos
Na+K
S04

Mg

i Ay Ayl dikie o OB slaal duniyll ciligSall 8l .6 JS&
claliiiay)

Al Aelia (8 oSatally alu) sl Auball dihie b AuSHl bkl dbidl Laslsal oS .1
Aonglong yugl) sagang daadle a3 GlliSy (msall sl gl

o Al oball ded el o) Auhal dilaie b g nd) SV 8 Adsall sl Cuulie cluld ke .2
oo baai) LS Cunlial) Jiig chdsall oball 43l Taan g 8 (sl 5SS (g5 el Audlanal) dadaial
S8 O garhe

«(Stiff) 5 Piper, 1944)) clbbic o duhall dihaie sbe (& iyl clis) 5S)5 blaw) Pla e .3
sy hsll) Gad s (B ) Lingall i) 515 dadia (B assasiiiall Gy asend S ol O Cai
eyl Ll g1 S0 Al lailal) Las b <Y
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©) Esxde e Al SV lacle Liglite causing (o) Ll dalla e L)) dikaie ol zili pae .4
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iy S
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Al pgilisdety 8,01

bl

Al- Abaechi, 0.M.S.0., 2014. Hydrogeochemistry of Selected Wells on Both Banks of the
Tigris River in Mosul Area/ Northern Iraq, Iragi National Journal of Earth Science
(INJES), Vol. 14, No. 1, pp. 1-18. DOI:10.33899/earth.2014.87483 (In Arabic)

Al-Hamdani, J. A., 2009. Hydrochemical Effect of Groundwater Due to Irrigation and
Drainage Projects in Tawuq Sub-Basin (South of Kirkuk - North of Irag), MSc Thesis,
University of Baghdad (Unpublished), 121 P.

Ali, M.H., Muhammad, K.I., and Hassoun, N.A., 2000. Water Sciences, Dar Al-Kutub
Directorate for Printing and Publishing, Baghdad, 1063 P. (In Arabic)

Al-Janabi, M.A.J., 2008. Hydrochemistry of the Open Aquifer and the Relationship of its
Water to the Sediments of the Unsaturated Range in the Samarra-Tikrit Basin (East
Tigris), Department of Earth Sciences, College of Science, University of Baghdad, PhD
Thesis (unpublished), 154 P. (In Arabic)

Al-Manami, D.M., 2002. A Geochemical and Environmental Study of Groundwater in the
City of Sulaymaniyah and its Suburbs, Department of Earth Sciences, College of
Science, University of Baghdad, Master's Thesis (unpublished), 200 P. (In Arabic)

Al-Shammari, A.N., 2006. A Hydrogeological and Hydrochemical Study of Al-Rehab / South
and Southwest of Samawa City, Department of Earth Sciences, College of Science,

University of Baghdad, MSc. Thesis (unpublished), 111 P. (In Arabic)

Al-Zaibe, A.H., 2000. Geochemical and Environmental Characteristics of the Soil and
Ground Water Sources in the North Eastern of Region of Almafreq. Jordan, Unpubl.
PhD. Thesis, University of Baghdad, 201 P.

Appelo, C.A.J. and Postma, D., 1999. Geochemistry, Groundwater and Pollution. Rotterdam.
Boyd, C.E., 2000. Water Quality an Introduction, Klwer Academic Publishers, USA, 330 P.

Buday, T., 1980. The Regional Geology of Iraq (Vol. I): Stratigraphy and Paelogeography.
Dar Al-Kutib Publ., Mosul, Iraq, 445 P.

Dhahir, K.A., 2023, Groundwater Investigation Using Self-Potential (SP) Method in Part of
Kirkuk City - Northern Irag, Journal The Iraqgi National Journal of Earth Science
(INJES), Vol. 23, No. 2, pp. 266-278, DO1:10.33899/earth.2023.141257.1099.

Guler, C., Thyne, G.D., McCray, J.E. and Turner, A.K., 2002. Evaluation of Graphical and
Multivariate Statistical Methods for Classification of Water Chemistry Data.
Hydrogeology Jour., Vol. 10, pp. 455-474.

Helstrup, T., Jorgensen, N.O. and Yakubo, B.B., 2007. Investigation of Hydrochemical
Characteristics of Groundwater from the Cretaceous-Eocene Limestone Aquifer in
Southern Ghana and Southern Togo using Hierarchical Cluster Analysis. Hydrogeology
Journal Vol. 15, pp. 977-989. DOI:10.1007/S10040-007-0165-1

56


http://dx.doi.org/10.33899/earth.2014.87483
http://dx.doi.org/10.33899/earth.2023.141257.1099
https://doi.org/10.1007/S10040-007-0165-1

57

Ospdly pad e Siga

Hem, J.D., 1985. Study and Interpretation of the Chemical Characteristics of Natural Water,
USGS Water Supply. pp 254-263.

Hussein, T.A., 2006. Hydrogeology and Hydrochemistry of the Muqdadiya (Lower Bakhtiari)
Reservoir in Erbil City/Northern Irag, Department of Earth Sciences, College of

Science, University of Baghdad, PhD Thesis (unpublished), 143 P. (In Arabic)

Jassim, S.Z. and Goff, J.C., 2006. Geology of Iraq, published by Dolin, Prague and Moravian
Museum, Brno, 400 P.

Langmuir, D., 1997. Aqueous Environmental Geochemistry. Prentice Hall, USA, 600 P.

Linan C., Baena, B., Andreo, J., Mudry, F., and Carrasco, C., 2008. Groundwater
Temperature and Electrical Conductivity as Tools to Characterize Flow Patterns in
Carbonate Aquifers: The Sierra de las Nieves Karst Aquifer, Southern Spain,
Hydrogeology Journal, 11 P. DOI:10.1007/S10040-008-0395-X

Manii, J. K., 2009. Hydrochemistry of Al-Hammar Marsh Environment Southren Iraq, MSc.
Thesis, University of Baghdad (unpublished), 205 P.

McKenzie, J.M., Siegel, D.I., Patterson, W. and McKenzie, D.J., 2001. A Geochemical Study
Survey of Spring Water from the Main Ethiopian Rift Valley, Southern Ethiopian,
Implications for Well-Well-Head Protection. Hydrogeology Jour., pp. 265-272.

Nag S.K. and Suchetana B., 2016. Groundwater Quality and Its Suitability for Irrigation and
Domestic Purposes: A Study in Rajnagar Block, Birbhum District, West Bengal, India.
J Earth Sci Clim Change, 7(2), https://doi.org/10.4172/2157-7617.1000337

Sissakian, V.K. and Fouad, S.F., 2015. Geological Map of Iraq, Scale 1: 1000000, 2012. Iraqi
Bulletin of Geology and Mining, 11(1), pp. 9-16.

Todd, D. K., 2005. Groundwater Hydrogeology, 2" Edition, John Wiley and Sons. New
York, USA, 650 P.

Umar, F.l., Edward, K.A., Bright, S.A., and Valentine, C.M., 2024. Assessing the
Groundwater Quality in Ghana's Nanton District: Comprehensive Evaluation and
Implications for Sustainable Management. AQUA - Water Infrastructure, Ecosystems
and Society 1 January 2024; 73 (1): pp. 34-56. Doi: https://doi.org/10.2166/

qua.2024.196



https://doi.org/10.1007/S10040-008-0395-X
https://doi.org/10.4172/2157-7617.1000337
https://doi.org/10.2166/

