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Hydrogeochemistry of Selected Wells on Both Banks of the Tigris
River in Mosul Area/ Northern lraqg

Oday M. S. O. Al-Bachachi

Department of Geology
College of Science
University of Mosul

ABSTRACT

The present study included the evaluation of ground water at two areas;
Gobba on the left and Hawi Al-Kaneesa on the right bank of the Tigris River at
city of Mosul. Water evaluation was carried out through the comparison of the
analytical dataofwater samples collected from wells at the two areas and the
determination of their suitability for irrigation, as the two areas are within the
utilized agricultural areas in Mosul governorate.

Chemical analysis for the major cations (Ca*?, Mg*%,Na*™, K**) and the anions
(HCO3™, CI™*,S0,7) were carried out. Also, some physical and chemical properties
related to water specification, like hydrogen ion Concentration (pH), electrical
conductivity (EC), total hardness (TH) and total dissolved salts (TDS) were
determined.

For the purpose of evaluation of water quality for irrigation, some water
classifications were carried out. Results have shown that most of Hawi AL-
Kaneesa well water were relatively rich in the determined cations and anions. This
is attributed to the relatively high solubility of Fatha formation evaporates. These
well- waters are considered to be a mixture of recent deposits and Fatha formation
ground waters. Also, rain waters rinse and dissolved the outcrops of this
formation in this area. There is also the effect of the sulphur springs present at or
near the study area like Ain—Kibrit (sulphur spring) and other springs along the
fault of Hawi AL-Kaneesa that result in increasing (SO4?) as significantly
observed.

Keyword: Hydrogeochemistry, Wells, Tigris River, Chemical Composition, Iraqg.
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157 | 175 | 1587 | 3.0 94 164 477 | 4B | 7
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380 | 210 | 1350 | 4.7 128 233 365 | 7B

189 | 191 | 1377 | 4.4 90 162 409 Jaral)

K™ assalisadly Na™ o gsaguall
Ghlia (e opdan (o5& Ay A8l gLl e dllall LGN b Gligl) (e asageal) e
e pssmall b sale Al sball ) Al DA s dndand) sbiall pa Jiigy Auf ol sam
Jaze &y .(Davis and Dewiest, 1966) axsull siuall 3 Vel Jie clag) sl =Sl Gl
3l Gan oas sl e ppm (90 5 71) dwwSll (gslag 48N U1 sba (B agageall 5S15
Om Adll Loplll AL s (Hamil and Bell, 1986) ppm 100 jslam ¥ Al dusplal
Slsill 1e(0.96) 5 (0.95) dalllly Al (5 gl 5 A cdhaidd (2-d JSill) (& )5l g o g0 gaall
sba Jedy A5l 3 sasmsall Augll) VL 23 Glsd e sa asmasal) Al saas of I
bl galad) JB e Sl o 4l aplisdl Sbia Adsal) sl ) leasdis sUaeY)
4)lie duaddie S5 L Bale o)S)5 8 Glldly Aaall g lls illy Dl ) siua Gaia 325254l



- dilaia 5 Alad e Jhon e 5)lae U1 4l s 0

s asageal) ool Ale DLY) slie (A asanlinll 585 (@liad) (3 dsaall) s camasall sl
de;j\ (o ‘;Qj 6‘“53‘5.‘\“ ‘515‘— :\.a.u:\.\sj\ LS)\A) LS!\ JLJ b\:\Aj ppm (44 3 31) e)ﬁut\}-\“ )gs‘).l dja.a
.(Davis and Dewist, 1966) ppm 5 e Jil axlllls dympulall

SO4 2y sl

g bl i ppm 200 o= ol 135 ppm 100 s dppdall asaall 8 Gly,sll 585 aly
385 Jare 31l (1990 «mny ssbe) JUbY) vie dalis Jleasy) eVl st sy alle aada il
ledae L) AU LT ol (8 W3S5 e leb ooy ppm 1377 duwiSll gsla LT slia & il
Sl all a8lell A sal) olaal) 15l ) Gl HS3 LS agmy @l 3 caaadls (3 Jsaall) ppm 575
DUa¥) ole clld L ol €Il (gola Ailaia LT 8 Asid (oS3l 58lall A sal) oluall pa Cipaal)
S Aalaiall o3a b AaaSially oSl 13g) 3l agual) il 335 e llee (e dasaiilas
el Jol (Ao sasasall Gally CupS e Jie Ailatall (ye Aully 3agasall LSl (gl il
bl o388 (sl 13 555 3l ) (g3 Lee AUl (g5l (31

HCO5? cliglsudl

(os)y JSd Culudll) 2ol galeall Glsd ALE oLl & Gligyall 5815 uSad
¢ saaall oda Ayet e Al Ayaaall GUE S Gldly ol asll a8 s3sa gl
padall Al alias) g Glis)Qall 3805 adip 3 diuaeall Al a8 e adiay 1
@sla Ul sl (8 gyl 3805 ¢ &) (3 Jsaall) (e Jaadls .(Davis and Deweist, 1966)
3 D & Cudly (JaeS ppm 84 Aadl Al LT ol 43jae ppm 191 Ledaae alld) Al
sl (b A€l (gola LT & Baad) Gl s 33l bl sball o ) e S5 LS
L Loy Aale 8ypem ilig) 35 2ba)) ) (505 Lae a0 Sl 55lal) Ldsall oliall pa dagjae
gl sailall Jylalls (ormnll el Hda 8 sagasell ZalsylSl Galeall (lisd oy gyl
Ally A8 ) G A< gsla dilaie & pH Apaslall A Galissl of oo Slad L gl
il 5l 530ad) Aol AU Wl Sl A3 ldlasy aaley Cag sl e 7.1 5 6.9 Leglaa
s Kl sailad) Jylall sdia 8 asm sl A0 sn)lSI LS pally Aypall sl SIS Aipaal)



el Glée alla teas sae 12

Clt s

Dl Bl bl Qi oy oSy dsauhall sl gl paea B o el aa
Laysye oL Ayl 3 5ogmsall 335l cilag) gl ~ Dl 45030 dadasd) oLl aalus (Hem, 1985)
2l IS dgl) lgillay (A ) pealiall e sl Gl Laand cisal) sbadd) ) leandisi o (e
Adsall bl 8 s 1aa S5 ) Gl ((Mason, 1966) Akl Lelisd ALE s oLl 3
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o At s 5 ) s ) Jualaal e IS e dauSe cbal L 058 o oS () oLl
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cl SAR Na% z adl 4ikaidl
epm

3.8 0.88 12.1 1A

3.2 1.03 15.3 2A

2.1 1.06 155 3A

2.4 1.04 14.9 4A A
17 1.16 185 5A

19 158 225 6A

17 1.10 18.3 7A

3.2 0.77 8.10 1B

3.7 0.85 9.10 2B

3.7 0.83 10.2 3B

4.4 0.95 9.80 4B A€ g gla
1.7 0.79 10.8 5B

9.8 113 11.6 6B

10.7 1.29 12.9 7B

.(Train, 1979) T.D.S ayaall 40 ~ a1 3805 335 o)l olae oy :5 Jsaal

lialsal 40 4 aal) 7 3aY dpas
ppm (T.D.S)
3ylaa il i oLl 500
5y Lpulan Ll Al Jralaall 3)ln il s 8 3l oLl 1000-500
Jualaall (pe e @il I o of oSy i) ol
Sl S Ol e 2000-1000
lllexind Alla 3 dpadispd ) lias )
Jaat e 5,0€ L6 L ) cbilall Leaasin) (Ko a8 il olual)
ot S o o 5000-2000
Lpaddspd ) o liad Gl Akl Alal) Ayl b dalal)




el ldie mlla deas gae 14

it Chia a8 olull duegd aaad b dagall ALl Gliall (e dlesll Adla) s
Alad) IS ALY dpS (E.C) AilyeSl Adlay) o alaeVh gl sl (oY) dasll
Aalaiayll ol gld clly e laldiels (1990 «puns ssle) (C4_C1) calial 4xy)l I (T.D.S)
(750 - 2250) ¢ g shyis AsilieS Adlay cld lalie Caiall 3a Jiay Cun C3 Canall (0 4 45
G g Gy Aaglall daglaal) bilall Aadla ol a5 ppm (1440 - 480) ¢ T.D.S 5 um/cm
@y C4 anall o g lealie alane Glb i€l (gola Ailaie SUT 3 Wl o duy i ol
slae 25 PPM 1440 oo ST T.D.S 5 2250 pm/cm (e ST alyeS ddlay) <ild ol iy
copund iy due @3y 33E Gl GsSE Of Byg i ae Adladl Aaldl) Jeam Al cbilall Al
z35all T.D.S dad b o g il pe C3 aiall (e Logd (5B) 5 (3B) ady undsalll laels
ole of Cus (SAR) 5 (E.C) e adiny Iy (Rechard, 1954) Caai oas Lo 1345 .(3B)
Oana 1y Lgabane Gl Al (gola dahia U1 olae Lty (€3 - S1) Jaadl o a8 40 ddhaia U]
(6 dsaall) (C3 - S1)daall & (padlslls (5B) 5 (3B) cnadsaill hae L (C4 - S1) Jaall

olae Cania’ &3 (E.C) 4lyeSl) Lllay) ey (Na%) aspsall sl duwdl) e lalael
of Laagl Gam (7 Jsaall) 8 Gme 5o WS (Wilcox, 1955) (S Shs oyl g duhall
Ol A€l (gla Adlaia LT sba Lein (L2 yamsall - s2uall) Adbaidll (o 285 A1 dihaie T olae
Ol Legh (5B) 5 (3B) oandsadll laele (Aadlall s - L ¢lSidll) dakaiall o oy lgalins
olaall Agl) Capliaill wa 3 L 13a5 (L 2 samsall - 520all) Ailaiall (ara

I ALE oy Caaa A ddhie U sl Gl ol e oliall (ssine pady Lad W
ol Bad (b Agline ()68 A€l (gola Adlaie LT sle o) Jaadl Laiw el ) pnl) Alsies
& (1972 ccd; Sl Holl) Canual cawmy (8 sanll) (4 mmse oo WSy 2l ) JB (s
(1990 ¢un 5 sske)
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................. dilie 8 Al o3 Jdia o 3jlide LT AdbieS a1

(SAR) assall iyl dusis (E.C) dileSl adlay) o sl g ol Cayiai 16 Jaall

-(Richard,1954) et cauas

Cilialsall dalal) daall | ) SF'f‘ EC | okl | dakudl
C3- 1o8s| 1760 | 1A
ialdy dubual) Jrealaall xlad o) s1 |
e
M NN S = [1.06] 1190 | 3A | .
R = 104 1280 | 2A |
e L Jenianall il Y iyl aia ' = |1.16] 1030 | 5A
et ) zlins ol e st | o=l - Bg 1310 | 6A
= [110] 890 | 7A
e I S e 0.77| 2440 | 1B
Uil I3 da ool i dallgdda Ggidl | dAsslall S1 '
aldl) Jaaill @3 Jrealadl) pas 2all | 6 —laa
= |085| 2270 | 2B
‘;bd\ eﬁ%m”
el fbal Jealaali gl ol |
b o 6 dalaat clpmeall |
L_ﬁ ‘\.AM CJ_.A.\J 2 —Q\AJLJ\ C3_
salia cilihs e (geiaty Al ()l i s1 0.83| 1880 3B
1 Led Jexiwall il oYzl aias S
St ) it oLl e gt | e
il ae gyl sle el ia aadiy | Glle
il g da il A gallg il wgidl | Al ] sl
Dl 2las fas b gl | S CA el gg00 | ag | P
alell Jaatll il Jroalaall pas 2all | -l | S1 i€l
Lgbd\ (a};ﬁ}-é”
ol bl Juoalaall gl oLl |y
= .L._:as ‘jA\JA_\_u:\ CJ_.AT.\J Ql?\_,.zm%\ IR 3
sala ik o gpriaty ) oyl i s | 079] 1230 | 5B
130 L Jomondl oyl N il i | B
e Y plind oLl e paill | powseal
Ottt atitand IS I < PR PR s
Oyl iy da ol A gallgdde wgiall | Aasldl | S1 |
aldll Jaatll il Jroalaall pas 2all | 8 —laa
= |1.29] 2700 | 7B

Gl

eﬁ.ﬁ‘}héh
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Na% aspall digiall Gailly E.C ablieSl dllady) o slae¥U (o) olie i 17 Janl

(Willcox, 1955) —ayiai caay

sbial) £ Na% E.C zikdl) | Adaial)
1213 | 1760 | 1A
1530 | 1350 | 2A
1550 | 1190 | 3A
s £ smnal) — Bl 1490 | 1280 | 4A | i
1850 | 1030 | 5A
2250 | 1310 | 6A
1830 | 890 | 7A
. 810 | 2440 | 1B
B 2 — g g 9010 | 2270 | 2B
o gy — sl 102 | 1880 | 3B |
Al e — g ol gSial) 9.80 2400 4B w‘
s ¢l — 330 108 | 1230 | 5B |
. 116 | 2550 | 6B
el s — g gt 129 | 2700 | 7B

Ciial ey I e ol gise iy Jeanall @31l g0 :8 el

Jualady 3 55 g5 “: ‘:’:’r: e |
Jina 3.8 1A
o) Al [ eedh aa elSl Alaaial) clilall plla L) = 3.2 2A
ool Al il e dauigia = 2.1 3A
= 2.4 4A ax)
Juld 1.7 5A
Lo il aand il o lal) = 1.9 6A
= 1.7 7A
) Juina 3.2 1B
o) Addh il sed aa ) slsll Alaatal) clilill el ¢ Lal) - 2 B
ool Al clildy e daugia - . =
o Ay il gk e JZS-‘S-“ Jaadl) s clibill mlla ¢ Lall B 14 AB "céJ‘*
oSl Saad J8Y) clilal) o ddaugia dist)
Lo il asand il o lal) BAC 1.7 5B
a8 O oS (Ally L siSH Jaal) Basa lilall mluay JIN oLl L 9.8 6B
Augia ) Al Jdl gle = 10.7 B
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Slaliiiay)

8 el sluall 3 A8 @l saly e daml) o<l Apaiall @bl € ik asmg -1
A€l (gls dibaia

sasasall (aaalls CupS e Jie €l (gla Ailaie o Ayl Basagall Ayl (gl G -2
dagale US55 (SO47) calipnl sl 385 2ol ) ol Lew cdsgiSll (g5la 316 Slxial Jsha e

olae Lol (C3-Slcaiall o A1 ddhia LT ol Chiin 38 (gl olual 3)liy) Cosial Cuea -3
.C4-S1 Caiall o py lgalansd Luyi€l) (ks dakaia U

Ll abadll

.1995 calazy ¢cpaxilly oaslgad) mesall Aalall 4S50

A e Gi (gaalls Sloanla caulally el (gellls uat grballly JSLE e el
Aaiia 280 (Juasall daals (3hal) Laslsn L1982 ) cieills

Aaia 352 ¢Jeagall daala coliaS sl 200162 s0n0 alls ¢ L)

Ol athe Wl Glagad - &l dlead) dixigh 11990 (pladdu dana Cpuns 2o sl ¢gsle
Aniin 296 ¢ Jeasall daala ¢ aally dellall 4a8A))

e fiale Al L oal) quilal) -Jiasall Aine ALk 4S5 21988 (gile (o) dass
Aaiia 168 cJaagall daala -aslall 44 3y 0

il jalaal)

AL-Shaikh, Z. D., 1975. The Mosul — Hammam AL-AIlil Fault and it Possible
Relation to the Mineral Springs of the Area. Jour. Geol. Soci. Irag. Special
Issue, pp. 69 - 78.

Bolton , C.M.G., 1958. Geological Map - Kurdistan Series, Ranya Area. Site Inr.
Co. Report. Som Library, Baghdad.

Buday, T., Kassab, I. I. M. and Jassim, S. Z. 1980. The Regional Geology of Iraq,
Stratigraphy and Paleogeography, Dar Al-Kutib Put. H., Univ. of Mosul, Irag.

Chapelle, F. H., 2004, “ Geochemistry of Ground Water”, In Holland, H. D., and
Turekian, K. K., Treatise on Geochemistry, Surface and Ground Water,
Weathering and Soils.Vol. 5, pp. 425 - 449,



el Glée alla teas sae 18

Davis, S. N. and Dewiest, R. J. M., 1966, “ Hydrogeology “ John Wiley and Sons,
New York, 108 p.

Hamil, L. and Bell, F. G., 1986. “ Ground Water Resource Development”,
Butterworth, London, 334 p.

Hem, J. D., 1985. “ Study and Interpretation of the Chemical Characteristics of
Natural Water”, 3"edition U.S. Geological Survey Water Supply Paper
2254, 263 p.

Manahan, S. E., 2005, “ Environmental Chemistry”, CRC press, 8" ed.,
Washington, USA., 783 p.

Mason, B.,1966. “ Principals of Geochemistry”, 3' Edition. Willey International
Publication, 324 p.

Richards, S. L. A.,1954. “ Diagnosis and Improvement of Saline and Alkaline
Soil”, V. S. Dept. Agri. Handbook, 60 p.

Sen, Z., 2008. “ Wadihydrology”, CRC Press, Taylor and Francis Group, 339 p.

Todd, D. K., 1980. “Ground Water Hydrology”, 2" Edition, John Wiley and
Sons, New York, 278 p.

Todd, D. K. and Mays, L., 2005., >> Ground Water Hydrology > 3™ ed., John
Wiley and Sons, Inc, 636 p.

Train, R. E., 1979. “ Quality Criteria for Water”, Castle House Pub. Ltd., London,
256 p.

Vogel, I. A., 1961.“ A text Book of Quantities Inorganic Analysis”, 3" Ed. 1216p.

Willcox, L. V.,1955. “ Classification and Use of Irrigation Water “, U.S. Dept.
Agric. Circ. 969, Washington, D. C., 19 p.



