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Abstract:

This research was conducted on the quality of groundwater from wells in
the study area, located north of Sulaymaniyah city within the Mawakan basin,
approximately 10 km from the city. The study revealed that the chemical
composition of the well water consists of sodium sulfate and sodium bicarbonate,
originating from infiltrated atmospheric water. It was determined that this water
could be used for irrigation and human activities. However, fluctuations in rainfall
and interactions between rock formations lead to the drying or depletion of some
wells. Consequently, the researcher used hydrochloric acid (HCI) in seven wells
to reopen clogged pores and channels. As a result, the researcher successfully
reopened the channels in the wells across all formations in the study area, except
for the Kometan formation, where the results were not positive.

From a hydrological perspective, the concentration time in the basin is
(1:33) hours, the response time is (3:10) hours, the gradual rise in water flow is
(1:8) hours, and the gradual decline in water flow is (2:16) hours. This provides
more opportunity for infiltration into the soil, considering the limited time
available. However, at the same time, there is a rapid water flow rate and a high
flow intensity (2.19 m/s, 451.5 m?3/s), which contributes to flooding rather than
infiltration. The study concluded that the groundwater originating from
atmospheric water is suitable for human use.

Keywords: groundwater, hydrochloric acid (HCI), Hydrogeochemistry, Mawakan
basin.
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(H’) Jgaa
(PPM) clanss Al Y % adldly dumpall s €05 Julas

pH | TH | O | TP NO, ! | Mool | so.? | oL | Mg? | ca? | K | Na' |

(mgf) | (mg/l) A
7.5 | 204 | 657 268 1.4 290 3.9 | 1.2 | 183 | 582 | 2.2 | 225 | 1
7.6 | 231 | 761 308 2.3 350 98.0 | 0.9 | 222 | 62.6 | 2.1 | 47.0 | 2
7.4 | 225 | 738 298 2.0 290 200 | 1.05 | 235 | 637 | 1.0 | 9.0 | 3
7.5 | 135 | 433 198 1.7 270 29 | 1.2 | 83 | 479 | 09 | 26 | 4
7.5 | 220 | 670 255 2.2 280 237 | 1.1 | 197 | 520 | 22 | 14 | 5
7.6 | 219 | 637 252 1.2 250 57 | 09 | 21.8 | 53.6 | 1.9 | 11.0 | 6
7.6 | 207 | 722 269 0.9 270 42 | 085 | 143 | 493 | 1.4 | 102 | 7
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Cl- 4. Na- 4. L el i 3,
Na/Mg Cl/SO, NajCl Sat slaall :.:\ j.;a
- 1.16 1.53 18.75 Lss | SO, 1
- 2.08 0.47 52.22 Lss | SO, | 2
- 0.39 0.40 8.57 iLss | SO, | 3
-0.19 0.48 2.17 Lss | SO, | 4
- 0.65 0.54 12.73 Lss | SOy | 5
- 0.46 1.77 12.22 Lss | SO4 | 6
- 0.65 2.23 12.00 Lss | SO, | 7

:‘_,Jr_ JLAS:.YL} :‘)J.AAAM
1- Collins, A.G. (1975). Geochemistry of oil field water. Elsevier publishing
company, Amste p496.
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2335y dadla SAR i PRy
Jlesicd wlla 2.57 1
Jlasiadl lla 5.11 2
Jlasiadl lla 0.96 3
Jlesicd wllia 0.35 4
Jlasicd wlla 1.65 5
Jlasiadl lla 1.27 6
Jlasiadl lla 1.28 7

Alalaall 23 Gl A e dlaie YU Sl dee (e 1 j1adll
1 Gydud) aladiud) L;A QLYY alie Aadia 48 jaa wd

Carrol, D. ) 4313 73V duss (TDS) cawss Lo 5) Carrol fawe alasiad (Ko
(il a1 L) sle Zadln (s Zipee (1958), 14(1), 21-26)

L(07) Jsasd
TDS Cisiast zeasa (V1) Jsaall

Water Type Total Dissolved Solids (T.D.S)mg
Fresh Water 1000 -
Brackish Water 1000- 10000
Saline Water 10000- 100000
Brine >100000

2Alde YU Gl Jee (e ;2

1- Carrol, D. (1958). Role of clay mineral in the Trans rotation of Iran, Geoche.
Cosm. Acta., 1958, 14(1), 21-26.

&b LT (V) led) 8 L) Uyl LS Lyl o3a it Jaall 33k (e (50

dala ccalis iy laie A g Galiad) ey e U LY Al Gl il
s o) Sl Chayeail) JB gl 5930 pay IS Sle 35350 @ld il LY
slaall SUT (3 (hysiSs yagl) mala) HOL 5ale alasid a3 ¢ Leadll o) il Caleall

:d;ﬁy Lﬂjd‘j
:(Well Stimulation) LY Caudas — ¥

obaall ALelall Aspall lialall Guatl HLY) 3 bslSs gl mela cpa Qo
oladll Cihlisag alesall 2t Al (63 cpalaally clisnSl 43 e aelall seluy o

gl B (peny Lan cLgilsg

1




Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

:(Acidizing) ladall (amwess — ¥

caaglodll o (gpual) saall Jie Sl siall dallas b addiu ¢

Lee ¢olally 098l 2l i g (CCO0;5 ) asaallSll cilisn € aa HOL Jeli

Aiall aladall Jaby saas gl ik

tdaeal) g dnadSH Ciluw gl Al — ¢

L€ gl gl g€ Jie dsiaaal)l bl A1) e adlall Jeny

e o Al il elga ST Gl Jals wShw Al 6 sl

sclally lawslly Slall - o

(L% = 0) Ly JS) Aesiindll 4aSllg (%TY) Canll 038 8 aadial AU S5 e
3aaly Bpaly olualls Lle HLVI (%0 Latie aanll Aday (d dexdiudl) 553ally

sl )y Al — 1

i J ST A aglie alga pladtad oag 130 (I ST 2 6lysl€opn gl sl s

RERW |

Algl) bl ccilal) Jie (PPE) dadall dleall laas elatyl 855 a ¢

Al el

A sl caaanll

1oy ol AL st (NAOH) asavgall ey sn e 30088 Sse aladin) @

IARESIY

Handyl) Aslesll e el —

tasaallll ilignlS ae Jelall o

gl jsanall 8 A0 Cpesil ) a Jelil) 1 e

el ) L DA e ellyg (HOL e dginall) dlexiceall oliall o (alanll o

Abasdl Bl e sk U8 gy

teladiu) adlge — A

Dbed) N 35 o oS G gl sl Jlapll Abalal) cililall 8 HCOL aadnd Y @

Ay Ll dabhaie Auhll dilaie ¥y Jelil) ol a5 e alusall Sawl ) A2l

i ailge gl dlia il

Yyv



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

soead)l Ja8 il alae) — 4

Gilalarll Llals dises @Dl ol 280 Bl (6 e Ja S50 06 $ f o
Al alullag g

: HOI pas G deasiedl) g — Y

) 8 la) S dye caldl e 3)le ¢(Coiled Tubing) adsilall )

;) 8 (HOL) sale ol 558 — V)

Dl g I dasg (Aol YY) 5o Ganld) 8 e Candl Lgle (gya) S 5l o
= Vo) e Ailialg slaall s Cilyan el A e bl (e LIS
el 2iy (debu YE) amy (53 8a ledatdg LY (A olaall (pa (A1 YO0
palind 400 (Aol Y& — 1Y) saall Galdaad) diing Gl 8 S Labie 3l
(V) By LY slaa & (((HOLBI o

Lanlaill Gbleall ehadll saliadl (aes (V)89

S

-

YA



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

tlg8lacly JLYI 22 — VY
— 10 )0 e Blaely Aadpall Aakie & 5T A e (HCL) 5als paiial o

(p) 00
1458 Lal)g )
rduyl) dalaie HLY Ldgal) oliall AibueSy ua—)

) 9da gy FLiall daadh) Bygam slaal) B AAI Clig) it dande il
Dlakey ilisl) 3815 (VF) ady dsaad) Gaus dabail b 2Ll (gl Ll
il & lisl) S wd el 5% Cun LI ddsal) slual) & A< daslal
00955 (il paa i Al ddhaie Y @1y agigaally ilisylSally agal\SI)
ol G Sl Al dadall iy g jailiy (ihadis GlisasSs ¥l Hia
cdaplly Gadally Ll Gl () A8LYL QleW) o (giaay (ulSlly (o)

o aash (V4 £7:SUlin) Tawe alasiad Bla e HLY1 ol gs35 Jual Ly a3
Letes (1 £) dsan A LS (goad) Jua) il agpasaall i€ £53 e (Slaasl e s
e elid Las ol 5 (e il jaias (e g) dusa olae LY olae () s
U AN RN S| g WEHDAVWON g JERDACS QRS
t(HCL) 8ale pladial das Ladgall slaall Jai clgidg calabosal) i — ¥

Lyl deaws a8y A b cpo Gua SV e (HCL) 5ol aladia) il <jelil
sbaally LYY 21955 88 (HOL) aladinad aey Cua (92N JLYL 4)lae coaill (e )
Bty Lol (D flaall) (o3 Gy aaity S Gl 8 (5S (sl) /)) ) o)
e OliasS o5 B e Baaial) (o) dia) dobad) dahiall 8 Ledl aolidl il
Gl ¢33 OLY) BLS dlad) il and Y o) (A ole) as) Ll Gailed
(oIl (il da aed ¥ a8 i) dagls yulell Apalill (e 5aY)
5 (Ya Y1) Led akaadl Gyl deyus gl 5 Al ale < Al dakais
e el Las P8/ 0 1. 7Y) sl Gaail) sady (5 £01.0) Gaaall sa
dsradl el pn dpSe A Ble Lyl paaiall ghlidl clilcadlly (olal
O 5t dame Lo g Lgidarg Jalall 1) oyl 408 1 (6055 Las ¢(36) v ) VYY)
oyl sl (A Jsam hSallby & aal) linsSill ae delss dash)ll 038y skl
2350 ) s I Dl 8 (055 Las cobaall Glja JBjen daiilliy )Y olae 4 4810

e olad|

AR



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

tpdal) iy ()l ale Y LY elae alasic) Lada ¥
&) o=heY HLYI sia DDl Tase Adjea 8 Todd allal) fase 3k o3 2

Llally ()l (ale S dalla HLY) o3 o s (10) A8 dsaall b LS delially

23gl (10)dsaall o maaly LS (0) e 31 (SAR) Sl3ae¥) dad (Y ellyy elical

dalla SV e38 slae Olé XSy ducliay ducl)y ciliie dars bl (Sae Al ¢ LY

@23 Ay (V1) Jsan A WS Carrol labds aladngy dam el gyl aladiudl

Jyanll dn gl Adluesll Jallaill sy Joe DA (e dpaall Gl (aey L]

-Gl aladild Bas Bygeany dallia sl e

tCila il

DY) el Apld) colgiall a8 e sacluall (HCL) 50l aladiad e (aall =)

sheadl) CGiliad) e Jlas )

O 1A cdoasls yulelly domgloaadly alial) Lalill o Galaldl Lgdg )k dakaie JSI— ¥

48 (HCL) sale alasiud ahall jillg dalaial) dusfys (Juadl!

dgleal) Lgd ey oale Cildl cand (585 o ) (e ol 5 dadd )yl — ¥

LAl

: sdlaal)

:2\,\:»;1\ laall

ceagall cbeasall daals ¢ pdilly deliball i€l la e gumgall Jaihall ¢ SLE #318 cagud
Y=Y [ 199

Ay st e sl (AN (Gaall vie Lajhalies Joal) plaal 0 cumas a2 (s25))
oy aal) Ldlpall e Adhial) Glasheall atat aladn wl 4o Sal) 40 s
OA Ga YOIY ((£A)aaell

ey dsed) plaal jaads o8 Ldlpal) Glasheall adas aladnal (0 )aly e a3l
Gkt DA (e 40Kl A% A g plant (galed () (Sraall die Lgijshad
—ihrall yaies ol AASTER &)l il el V) 735 slicly jali w35
Ala¥) aplelly V) AS (ald dre ((3rabaal) dnallall il yuzally Li)aall) ool
YA Ga Y)Y e Kd) ASa (Al daals

o=illy Ao Ldall dsaalall ol ¢ kil (¥ s QIS ale ¢ Gunya ali a3l
AV Ga YooY Bl cdaa sl

Y.



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

caisilly il Gaiall la cdgdsad) oluall Linslyjaany dadacd) slaall cladlallane 4da (aSa))
AAE Ga Yt Yl

cAgY) Amalal o(Auhulsi el danglghygagen Audpd) )] Gaplazill (s A ¢ ol
NIV e Yo 08 Olae ¢ il claall Hla

) dysiSa dagshal A dgdd (asdshysesaadl antill (e lan) mlla sy ¢ i)
NAGa ¢ Yoo A ¢ Jagall daals Ao sill 208 o558

¥ Ve Aaala Alae cuel3l ecaladl Z 1 e el 58l ) gl ol ik
AV AGe X 1T ((3)aaal) ¢(F)alaal

il (SCS—CN)~(GIUH) sk 50 Alia edalS s sl clln (Blaad cplal
sl ) IS Al o(GIS)lainls zupss 3l (asal oakiad) Glijall ana
XY G YV (V) aaad) ((YA) alad)

Ay Adhall dysganll 8 Alall g By dilaie dunslshygase cUacccujidoa
N Em ) AAT S daals (oY1 IS (dhanl) aud o(5ypdie ) eale

A jiaghgall (ailadlly sl sall Cleadl casm w22 cg35)llls (Dl zyna <y
are)ise ) aslall A0S 6y all ol Aaals dlae o Sall apall L0gY Al 1l
Not a Va0 ((pala

4l asloadl mudl (VoY E (o la)l clley cagana anyS g (ulie Gpala cdlaa
D) o8 paailly aslon) muall dalell 45,80 calsn — o)) dis dhaid ol
.YAAo

S Wlss — el Al a4 sl oas ol mall (g als cpulae geala e
Yot i ¢ iraal) (gatlly aslpn) zoall Lalall 4ponall dilad ) dLiilas
o 5 Y1 a

26 ordh cilad) e ddinall auliad) sliad dibiasSs hagl) Galsdd) and sl Goala dlae
e23all ¥ alaall A dhall Gaaailly Lagloall dlas (3hall Jlad — Zalededl 8 oS5
YT pacYe T o)

1day) ¢Sl Jalaal)

i 5 OVsaVad (lagg) (il S mslsule 4yl gl phl el e
Adhaall acd (V) A Aulal ) daals o)) dag sl (54 Saglh 30)SA g 5
Yo VA Y =10 (Fa (YA XY

AR



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

Z\f)ﬂi—ly\ JALA.AS\

Buday T., 1980: Regional Geology of Iraq: Vol. 1, Stratigraphy, I.1. Kassab
and S.Z.Jassim (Eds) D. G. Geo Survey, Min, Invest, Publication,
p.445.

KAMAL H. KARIM, H E M I N KOY I, M USHIR M . BAZIANY&
KHALED HESSAMI, Significance of angular unconformities
between Cretaceous and Tertiary strata in the northwestern segment of
the Zagros fold-thrust belt, Kurdistan Region, NE Iraq, Cambridge
University Press 2011. The online version, Geol. Mag. 148 (5-6 ),
2011, p. 932 ,934.

Jaton. J.F.(1980)Hydrologic Dec reface (lere parties) Emolument .De
surface ET debits Cruse .E Cole poly Technique .instate Institute De
Genuine Rural, Lausanne, 1980,p.41.

H.M. Raghunath, Hydrology Principles Analysis and Design, John Wiley,
New York, 2006, p.154.

DR. Jaton J.F.Hydrologie De Surface (lere.partie) Ecoulement De Surface
Et Debits Cruse .Ecole polytchique. Lnstitute De Genine Rural,
Lausanne, 1980, p.14).

Ingebritsen, S. and Sandford, W. (2001). Ground Water in Geologic
processes Cambridge, univ, 3rd, edition, p341.

Gibbs, R.J. (1970). Mechanisms controlling world water chemistry.
Science., 1970, 170, 1086- 1090.

Collins, A.G. (1975). Geochemistry of oil field water. Elsevier publishing
company, Amste p496.

Carrol, D. (1958). Role of clay mineral in the Trans rotation of Iran,
Geoche. Cosm. Acta., 1958, 14(1), 21-26.

dbailaal Longlgall oy Al) ¢ Sanad) (gailly oaglomd) mosall alall Zoporal ¢ 3hall 4y5g0a
XoVE ((Youuuo/V)oubia (YA V)l caslpund) il clanlud)

-(DEM 12.5m) duyall ddaidd 4aad)ll cilelin ¥ z3gal aladid

SYYYYYY colans colaall Gasag 35 colsall 5 il 5,503 (Langls€3l 5 o5l 5
XAYENVVY 5 Y YY/V/¢

PRARARTAV/SFRRAAVAR AR RO & FARYA R § NS PR VSV (- SN S YO S
NARACIAVARY

(VA Arc GIS) zmalin Je Galll adie) (ajally Johall laglad sl *

S Gt Gl aag Ve e e B )W) ae A8V (@Al sl e Jganll ¥ ¥

YYY



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

References
Aswad, Falah Shaker, Thematic Maps, Dar Al-Kutub for Printing and

Publishing, University of Mosul, Mosul, 1991, pp. 91-92.

Al-Baroudi, Muhammad Saeed, Estimating Flood Volumes and Risks in the
Lower Course of Wadi Arnah, Southeast of Makkah, Using
Geographic Information Systems, Egyptian Geographical Society,
Issue (48), 2012, p. 58.

Al-Baroudi, Muhammad Saeed, et al., Using Geographic Information
Systems to Estimate Flood VVolumes and Risks in the Lower Course of
Wadi Numan, South of Makkah, by Applying the Snyder Model and
Adopting the ASTER Digital Elevation Model, International
Geographical Conference (Geography and Contemporary Global
Changes), Special Issue, Faculty of Arts and Humanities, Taibah
University, Makkah, 2012, p. 790.

Daoud, Taghlib Jirjis, Applied Landform Science, University Press for
Printing, Publishing and Translation, Basra, 2002, p. 120. Daradka,
Khalifa Abdul-Hafiz, Surface Water and Groundwater Hydrology,
Dar Al-Hanin for Publishing and Distribution, Jordan, 2006, p. 184.

Al-Dulaimi, Khalaf Hussein, Landforms (An Applied Scientific
Geomorphological Study), First Edition, Dar Al-Safa for Publishing,
Amman, 2009, pp. 162-163.

Al-Shamzimani, Yousef Saleh Ismail, Geomorphological Evaluation of the
Dibka Plain, PhD Dissertation (Unpublished), College of Education,
University of Mosul, 2008, p. 18.

Abbas, Aram Dawood, The Impact of Desertification on Agricultural Crop
Production, Rapahreen University Journal, 2016, Volume (3), Issue
(9), 2016, p. 1108. Al-Akkam, Ishag Saleh, and Alwan, Nawal Kamel,
A Comparison Between the SCS-CN and GIUH Methods for
Estimating Surface Runoff VVolume in the Wadi Duweirij Basin Using
GIS, Journal of the College of Education for Girls, Volume (28), Issue
(1), 2017, p. 31.

Hama Gharib, Ata, Geomorphology of the Piramahgron Mountainous
Region in the Republic of Irag, Unpublished Master's Thesis,
Department of Geography, Faculty of Arts, Alexandria University,
1983, p. 14. Mirza, Maraj Nawab, and Al-Baroudi, Muhammad Saeed,
Morphological ~ Features, = Morphometric and  Hydrological
Characteristics of the Valleys of the Holy Sanctuary of Mecca, Journal
of Umm Al-Qura University, Faculty of Social Sciences (Special
Issue), 2005, p. 254.

Yyy



Al-Adab Journal Vol. 68, No. 1, Supplement (March 2026)
E-ISSN: 2706-9931 P-ISSN: 1994-473X

Ma'la, Khaldoun Abbas, Hassan, Karim Mahmoud, and Ghaleb, Azhar Ali,
2024, Semi-Detailed Geological Survey of the Azmar-Chwarta
Mountain Area, General Company for Geological Survey and Mining,
Report No. 2885.

Ma'la, Khaldoun Abbas, et al., Semi-Detailed Geological Survey of the
Azmar-Chwarta Area in Sulaymaniyah Governorate, General
Directorate of Geological Survey and Mineral Exploration, Baghdad,
2004, pp. 26 and 35.

Ma'la, Khaldoun Abbas, Evaluation of the Hydrochemical Properties of
Spring Waters Flowing on the Western Side For the Tigran River in
Sulaymaniyah - Northern Iraq, Iraqi Journal of Geology and Mining,
Volume 2, Issue 1, 2006, pp. 39 and 43.

Yy¢



