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Hydrochemical Properties of Groundwater
in Valley Awaina Basin, Northwest of Mosul, Iraq
Mohammed Obaid Qasim , Sabbar Abdullah Saleh ,  Najm Abdullah Kamel Al-Karai
Department of Applied Earth Sciences, College of Science, Tikrit University, Tikrit, Iraq
mohammed.obaid@st.tu.edu.ig, mohamedgeo85@gmail.com

Abstract:

Nineteen groundwater samples were collected from several groundwater wells located at different
depths and locations throughout the Valley Awaina basin. The samples were collected in November 2024.
The research aims to ensure that the concentrations of elements are within the acceptable limits of the
Iraqi drinking water standards, as well as the suitability of this water for irrigation. Testing was conducted
for a group of anions (Na+, Mg+2, Ca+2) and the main cations (Cl-, So4-2, Hco3-2) whose concentrations
were concentrated in the center of the basin, total dissolved solids, pH, electrical conductivity, and other
properties. The groundwater samples were classified based on the classification of Baber (1944), Steiff
(1951). The results indicated that all groundwater samples are unfit for human consumption due to the
high levels of elements exceeding the Iraqi standards for drinking water. The total hardness of the water
samples was also calculated, and the hardness results indicated that most of the water quality in the Val-
ley Awaina basin is very hard. As for the rates of water analysis results from the irrigation aspect, the re-
sults show that the water is characterized by high concentrations of (magnesium, sulfates, bicarbonates)

above the permissible levels. As for relying on the value of residual sodium carbonate (RSC).
Keywords: Hydrochemical properties, Valley Awaina basin, groundwater.
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Lol AL Llay s UL s o Koy olbalal|
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.(Chadha, 1999)

s B, by olalaz g oLl sa e Slla
oda 3 U 3l el o5 ol ila S 5 st
= Rockworks (15) peeli s |zl sl yl
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Iolzel oLl dns I (Langguth, 1966) daul 5,

Piper Diagram

==
Ca- ' s a =
wa
\ Alkali-rich
wat
ca = e i = Na+K HCO3+CO 3 = G = cl

Calcium (Ca) Chloride (Cl)
CATIONS Someg ANIONS

e 3\l 28 es 5 ((Langguth, 1966) dla sl g sl o a2z :(73) US|
iyl dadaie 34 oLl de 5 i al ol o

JSl B8 el i 0555 (guth, 1966
(4) Ja L1 (18)
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.(Langguth, 1966) ol Llz e lslael ol cavuas 1(4) J s

SI. No Water Type No. of Samples /L
A Normal earth alkaline water with prevailing . .
bicarbonate
B Normal earth alkaline water with prevailing . .
bicarbonate and sulfate or chloride
Normal earth alkaline water with prevailing
C . - ---
sulfate or chloride
D Earth alkaline water with increased portions . .
of alkalis with prevailing bicarbonate
. o . W3, W12, W14, W21, W23, W27,
E liarﬁ}(l ?}kall.lt’lf e ith mlcfrfaseddp‘;lrlt“’%s W30, W33, W34, W36, W43. W45, | 89.47
of alkalis with prevailing sulfate and chloride W48, W50, W51, W57, W58
F Alkaline water with prevailing bicarbonate - -
G Alkaline water with p‘revalhng sulfate or W38, W56 10.52
chloride

o= =5 s (s (T J14) J&_.I:;YLZ_L:.C
il et LY 43 oL 23S e

s N

Sitiff Diagram
Cations meg/l Anions
T0 65 60 55 50 45 40 35 30 25 0 15 10 5 5 10 15 20 25 30 35 40 45 0 5 &
(L A e e PR A A A B
W3 Ca C03+C03
g S04
Na+k. cl
W12 c;lcoamna
g 504
Nast cl
i clm3
g 504
Na+K, cl
w21 clwmus
g 504
Na+ ]
W23 ca C03+C03
Mg S04

sbor 31 dms I U VI 581 511 14) IS
(Stiff, 19571) dn o il ,udl dakad LY

Sel (4) J s bl s (15) Jsall oS o)y
L g s e A3 A oLl 310 o dame OF ey
e Lo ey, 31y ol ST 3l e L2,
Gl g ol (s O 5 SB(W38W56) (o 5ol
g SN ol xS e QLI 8 A0

((1951) Chw gl —2

LSl ol Gl sl 5
Lo bl o S e AL A o N
Add xs cainay AL (60 5 s Ly
p 3 sl JBle 5Ll 0l S Jaul wLAll
poseie il p il 03 sl ]
o= =) S Sans G [ 856 Je sus
BLadl dgad day 2188 015 Y plaseal ppm
b S byl oo 5 G o I e
Sl a s sl 555 ol e 55 e Gl
.(Fetter, 2001) oS Y1 751 5 sLus 30

e = UL it s
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Stiff Diagram

Cations meq/ Anions
70 65 B0 S5 S0 45 40 35 30 2 20 15 10 S S 10 15 20 25 30 35 40 45 S0 S5 60
r—rr1r 11+ n1r 1 1t 1T 1T T T T T T T T T T T 1T 1771
Na+K |
W51 CafiRHCO3+C03
Mg S04
Na+k, Cl
W56 Ca‘c03+c03
Mg 504
Na+K Cl
W57 Ca} LC03+COS
Mg 504
Na+k, cl

W58 Ca CO3+C03

Mg 504

Dl:ﬁ C.)\‘.J :\:.AM.;JH Qbﬁ\“ J.:Sbs (5—14) Jgo-:'
(Stiff, 1951) 48 Ly Lyl Zakad LY

‘)Lg‘EJ\ °L17° 31,£>“93 CJ“}S:S of)\5>i u:;JLizlz;Szl‘ > 9
:(S)Jj-k;.-\éhs

Stiff Diagram
Cations meg/ Anions
70 65 80 55 B0 45 40 3 W B N B 05 5 10 15 20 25 W 3 40 45 N 8B 8
rrrrrrrrrr r1r 11 T T T T 1T T T T T TT1
Na+K cl
W27 CE[%COB*‘COS
Mg 504
Na+k. cl

W30 Ca CO3+C03

Mg 504
Na+K, cl
Mg 504
Na+, Cl
W34 \ i
3 HCO3+C03
Mg 504
Na+K, Cl
was <
Wg 504

oLchuM)\Qbﬁy‘ﬂs\j(u' 14)J§~;
(Stiff, 1951) 41 Ly L), &alad LY

Stiff Diagram
Cations meg/l Anions
70 BE ) 55 0 45 4 35 M 2 M 15 105 IR EEEEEREN:
I\I\I\\IN“\KI\I\\\I\ml\\l\\\l\
W38 % %wmuz
Mg S04
NasK, el
W43 5-003
Mg S04
Ha+K cl
W45 y <
Mg S04
Nask, cl
W48 Ca 003+C03
Mg 504
Na+K cl
W50 Ca 03+C03
Mg S04

O s N U Y 5815 :( - 14) S
(Stiff, 1951) & Loy Loyl dakad HLY1 ol
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(Stiff, 1951) Lk o LY ols cacias 1(5) J s

No | No Wells Groundwater type No No Wells Groundwater type
N W3 Na*%-So042 1. W38 Na*?-So042
.2 Wi2 Na™-CI- 12. w43 Na*2-CI
W14 Mg*"-So42 13. W45 Na*™-So4~
3 w21 Mg* -CI 14. w48 Ca'- S04~
.4 w23 Na*2-Mg*-Cl'-So4 15. W50 Na*2- So42
.5 W27 Na™-CI- 16. W51 Mg*™-So42
.6 W30 Na™-Mg"-Cl-So4 17. W56 Na™-So42
.8 W33 Na™-So42 18. W57 Na-Mg"2- S04
.9 W34 Na*-So042 W58 Na*-CI
.10 W36 Na*%-So042
M}«@\S&waﬂdﬁw\@&uﬁ I‘éw‘gfiﬁolﬁl‘wm

Sl S JSs be (Mg™ «Ca™) obls 1
B pald S M olig sy ol 1S
doe sy b, 05 pds ol pYled s 5550
Jorind s pall Lad Sld 5 0 Ll plasec !
:(Todd, 1959) &Il idslall
TH=2.497xCa+4.115XMg ......... (1)

53 5 :(ppm) Ca idsUis wadl:TH 1>
0 sl O ol 58 5 :(ppmM) Mg 5 JISTN G
.(ppm)

e ol oLl i g oLl sk
(Todd, 1980) 3+l s v o 2STN5 ol

O g o 2l idlso oLl 0,5 S
5505 i o el s sl LSl e 41
Y S [N - SP [PAM B
g Sl b ol | e oS 215 A ot
Dovall daliin pds Al 3 4 53Liaoll
SAlige gl iy ) Sl W)
;J_@M LU N Ol el Ll i 4o
e ) el A sla ST ol sl 205
ol (WHO, 2017) «(IQS, 20071) _slall sdia
(S A g i Lo b 23l
Aol p¥ 58 5Ll G, ((TH) 3 unll

(Todd 1980) e Islezet 215015 eunll Lo Iolezel oLll il (e Jseor (6) o35 s

(A /a3ds) p g IS 6 4,50 4USTN 5 annnl oLl de o
0-75 -

75-150 L e
150-300 s

300< Mo e

o o Y e O a3 eSel J s
(W27 cW58) 5 i Lo (s awe) s

wu)wa‘zﬂJ‘H’wﬂj
o Ly i/l (187.03-4587.06)
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RSC=HCO3 - (Ca + Mg) .......... (2) e) i od | g oLl de g 0, S

(epm) > 5 581 A s -

G olos aiai o sl IV e
= (Heathcote & Lloyd, 1985) L= Il
ddala s 1.25> 40l 0 4SO Lo i uls Lyl
b 1.25-2.5 Gy L Ul s cslS 13)
Sughosh et) 2.5< G_?L:.S\ Lad oS s duwle
. (al, 2018

2310 dos AL W sy I s
Wczscsu\@aowgumumog
Lalate olo woa OF (61 1.25 e 3V ol
(15) JS=5 (7)) J s g, dmlie 1

5 SIS Y QL) S 1 oy L3
il ) sseall OLgd (e LA p il
Ly s s 5l sl gV
a1y 8 e daly Ll el A )L

{(RSC) Zkell p 53 el S 5

s (RSC) &gl p 33 goall i g S s
Sl SIS ¢ La )| Jhoy e e ANl
5ol S0 g a5 oL U 5 S
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LI sl S (RSC) i ol oy K s
:(Ragunath, 1987)

(epm) s> (RSC) s Lo >las VU syl dalard oLl 315 s o 2 (7) s
.((Sughosh et al, 2078 Cicuas cors

N Well-N RSC (epm) (Sughosh et al, 2018) s s\ze YU ol i iz
1 W3 ~10.35 S A il
2 W12 -11.50 S M il
3 W14 ~13.56 S Al
4 W21 ~10.32 S A il
5 W23 -6.57 S A il
6 W27 -3.15 S M il
7 W30 -4.15 S M il
8 W33 ~51.90 S A sl
9 W34 -12.18 S A sl
10 W3e ~45.89 S A il
11 W3sg -2.89 S M il
12 W43 ~44.62 M il
13 Wi4s ~51.40 S A il
14 Wi4sg -9.77 S A il
15 Wso ~14.83 S A il
16 Ws1 -6.08 S M il
17 W56 -7.70 s A dulie
18 W57 -8.82 s A Alia
19 W58 -3.57 N dulie
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