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Hydrochemical Assessment of Groundwater for the Sagi and Sayyid Al-
Shuhada Projects in Karbala Governorate

Tabarak Haidar Thabit Prof. Dr. Najla Ajeel Muhammad
Al-Mustansiriya University / College of Education / Department of Geography

Abstract:

The study conducted the hydro chemical assessment of groundwater from ten wells within the Al-
Saqi and Sayyid Al-Shuhada projects in Ain Tamr distric within Karbala Governorate, it located
between the latitudes (32° 10" - 32° 41' N) and longitudes (43° 15' - 43° 62' E), covering an area of
1743.22 km2. The study concluded that 40% of the hydro chemical composition of the dominant
elements falls within the Magnesium Sulfate category (Mg+2- SO4-2), and another 40% within the
Magnesium Chloride category (Mg*?- CI-). All well waters share dominance between evaporation and
rock weathering processes only. The water quality shows secondary gypsum content with low
discharge and is classified as moderate quality with reverse ion exchange, continuing chemical
interaction with the soil and rocks. The study found that the groundwater cannot be used for drinking
purposes as it exceeds all permissible limits except for pH. For irrigation, all elements fall within
acceptable limits except for the values of E.C., Mg*?, and SO, in two wells. However, the water is
permissible for animal consumption and construction purposes, except for the HCO;- value, which is
too high for such uses.
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7.7 1610 3320 43° 36" 48.77 32°21'20.98 " w1
7.7 1920 3980 43° 36" 20.09 32°21'35.29 " W2
B - E Yi - N Al g9y
8.1 1860 3870 43°30'23.13 32°24'45.06 " w3
7.4 1700 3520 43° 30 '13.83 32°24'32.31" W6
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7.4 1690 3480 43° 36 ' 40.87 32°20'26.32" W54
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% iastal | Caco3 | €93 | 1. | s0,7 | K+ | ca? | MI* | Na#? Lal) ja,

2.079 1200 698 | 590 | 828 | 46 | 337 | 210 | 231 w1

2.495 1360 722 | 750 | 951 | 61 | 417 | 229 | 266 W2

2.426 1320 528 | 710 | 934 | 43 | 305 | 247 | 264 W3

2.205 1280 617 | 630 | 871 | 33 | 313 | 235 | 235 W6

2.23 1300 602 | 660 | 884 | 35 | 321 | 238 | 239 W7

2.042 1200 638 | 590 | 781 | 32 | 297 | 219 | 223 W10

2.237 1280 609 | 660 | 856 | 36 | 321 | 233 | 237 W49

2.325 1380 613 | 670 | 1012 | 41 | 353 | 250 | 248 W49*

2.369 1380 599 | 670 | 1021 | 40 | 345 | 252 | 253 W50

2.18 1300 706 | 610 | 843 | 39 | 313 | 240 | 229 W54
250 | 400 200 50 (WHO., 2003) < i slsa

A ol
106 (FAO, Food and
-30, )
Ol-ER 5 sl WU | et Agriculture Organization ,
Op.cit , p43., 1985)
200 ) gaad) o il
0 700 | 350 | 1500 (1977 <FAO)
218 Ly g Ll
350 7 1460 437 | 271 | 1160 (MEA. , 1962)
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A A8 o Baag duhal) dikaia JLY Lbgal) sbuall dusgil) (ailadl) (3) dsra
HCO; Cl- SO,2 K+ Cat’® Mg+ Nat® aall sy
1144 1664 17.22 118 16.82 17.26 10.05 W1
11.83 21.15 19.78 156 20.81 18.82 1157 W2
8.66 20.02 19.43 1.0 1522 2030 11.48 W3
10.12 17.77 1812 0.84 1562 19.32 1022 W6
9.87 1861 1839 0.90 16.02 1956 10.40 W7

1046 16.64 16.24 0.82 1482 18.00 9.70 W10
998 18.61 17.80 0.92 16.02 19.15 10.31 W49

10.06 18.89 21.05 1.05 17.61 20.55 10.79 W49*
983 1889 2124 102 1722 20.71 11.01 W50
11.57 1720 1753 100 1562 19.73 9.96 W54
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dupal) dahaia HUT slual (Yo epM) sl (4) Jsin

(ligs) Al clig) (ligsii)daagal) cilisd) Sl
HCO; CI- SO, K+ Ca+* Mg+ Nat’
25.26 36.72 38.01 2.60 37.12 38.10 22.18 W1

2243 40.08 3749 296 39.44 3567 21.93 W2
18.00 41.62 40.38 2.29 31.64 42.20 23.87 W3
22.00 38.62 39.38 1.84 3395 4199 2222 W6
21.07 39.71 39.23 191 34.17 41.74 22.18 W7
2413 38.39 3748 189 34.19 4153 22.38 W10
21.52 40.11 38.37 1.99 3452 41.28 22.22 W49
20.12 37.79 4210 2.10 3523 41.10 21.58 W49*
19.67 37.82 4251 2.05 34.46 41.46 22.03 W50
2499 37.15 37.87 2.16 33.73 42.60 21.51 W54
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S+ el el = (S sdlse o) uaiall s Al Ol

: L) sl LflaKyam pdle
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leod aalgn 1 didiall (gaall uSHl dae g lgaal dalsal) (he aally sl Alaaspua 3l . Lehues Ayl PR sl
easloall Heall M ALLYL 5 (giall el b saalsidl Glebad) 8ol 033 e sl Bl e Sl sl
Z V) (Sl e LESH o) QLY el e Baalgiall sbual) duaSy Lo gh ) ISy ¢Aaad Aupgail) Slleall pan

(2010 cpibe guen £3) AilaaSoing yuel ciluball aladiul Sl (e 2 dialall slaal) alias 32a3 lgiag oluall

( Kurolov — Formula)cigly o€ Aalas —3ailad) jualinll duilasSy gl) dinall : jée (gaa)

Gl e adsall oball Caas 8 Lulil (epMOb) s2ns (10 (%15) o WisSli w5 1 Adldly G gall s o8 add
Aaiyl) g1 JS) AR Lyl daanil) Jias Lgilh Ailiay ugl) Linall Ll cdgilind) yue olbi e dgalinall Llain)
Soougl Oe¥N) 5 (T.D,S mg/L) dsslall jlake GlAS colaall 3 Lgie JS 5850 rneny aUail Adadiye Llaally dongall
£ (2008 2 aS Q1) a daally (PH)

Kurolov — Formula =T.D.S(mg/L). SO, (epm%).Cl(epm%).HCO, (epm%b) (PH)
Ca(epm%).Na(epm%).Mg(epm%b).K (epm%b)
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Liedl oo o
bl it | 7T LilasSy gl Gl s
suilead!
R Ca>-Mg*-
Ca 2; e 'gcr- T.DS(1610) SO,(38.01).CI(36.72).HCO,(25.26) PHED | wt
S0, HC53- Ca(37.12).Na(22.18).Mg(33.10).K(2.60)
Ca+2_M +2_
o o | N CI___%O 2 | T.05(1920). S0,(37.49) C1(40.08).HCO,(2243) HED) | wo
Heos Ca(39.44).Na(21.93).Mg(35.06).K (2.96)
M +2_ Ca+2_
M- Na_gCI___SO4_2_ T.D.S(1860). S0,(40.38) C1(41.62).HCO,(18.00) HED) | ws
HCOa. Ca(31.64).Na(23.87).Mg(42.20).K (2.29)
+ Mg*-Ca**-Na'-
Mg 22_ gso 2N T.D.5(1700) $0,(39.38) C1(38.62).HCO,(22.00) HT4) | we
SO, HeOs Ca(33.95).Na(22.22).Mg(41.99).K (1.84)
Mg*- Ca™ -
Mg Na_gCI___SO4_2_ T.D5@720), 503829 CIBRTNHCO,(2L07) o 7 w
HCO3.- Ca(34.17).Na(22.18).Mg(41.74).K (1.92)
Mg*- Ca™ -
Vg™ Na-90|---504-2- T.D.S(1550) SO,(37.48)CI(38.39) HCO,(2413) . 73) | wio
HCO3- Ca(34.19).Na(22.38).Mg(41.53).K (1.89)
M +2_ Ca+2_
Mg Na—gCI"—SO4'2— T.DS(L730) 50,(38.37) CI(40.11) HCO,(2152) H75) | wao
HCO3. Ca(34.52).Na(22.22).Mg(41.28).K (1.99)
R Mg*-Ca™-Na’- 10). 49). )
Mg 22_ gso 2N 1 psaso. $0,(4210)CI(37.49).HCO,(20.12) (75) | wagr
SO, H4cos- Ca(35.23).Na(21.58).Mg(41.10).K(2.10)
. M +2_C +2_N +_
Mg 22' gso _g_CI__a T.D.5(3780). S0,(4251)CI(37.82) HCO,(1967) . 74) | weo
SO, H4c03- Ca(34.46).Na(22.03).Mg(41.46).K (2.05)
. Mg*-Ca**-Na'-
Mg 22 gso 2N T.D.5(1690). S0O,(37.78) CI(37.15) HCO,(24.99) H(7.4) | wea
SO, Hé:OB- Ca(33.73).Na(21.51).Mg(42.60).K (2.16)

(4« 2) cplsaally (Aquachem v.4) galin Ao alaie¥l ciialll juaal)

e aain olaall SISl () 2024 A sbiad 525 pualiall s slaall CiliaY 4ilaSy gl drpall i
slaall el Sl 3 el o) G colall Alalal) L aiall Bl e Shmb clgle Lglal) Anslgal) il oSl dayls
Ait ) dpcasall Al daglllS ( Jasll Sall (8 i ) 25 Bakes AibeSy AfbGd e dai s L)
: b WS (2023 <Heddoun s <Hanich <Benkaddour <Michelot <Lemkademe
¢ W50 « WA9* « WE) a5 ¢ LY olua gyane (10 %40 Gas JS85 (Mg SO4?) Ciim Gann LT slae day)l =
(W54
(W49 ¢ W10 ¢ W7 ¢ W3) 25 .(Mg™- ClI') Cita (ann (931 T slaa da) -
(Ca'™- S0,?) Civa (on WLy olae —
(Ca™-Cl') Giva oa W2 i slaa —

Sy el Al gy Cubaugily aseend) &Y (e gl sa Al dilaie LY il el jaall o 3
led i€l e abien of WS edld) o) ggana (po AST dinns I Cun ddailaal) 8 £3LAN (oY) lin,SH (o)
Dsoass Aldall dsall 82L) o Jens Lee il due e daxd slaall el saliyg Gaadly sUaeY) sla (& olisdl e 43
Mg sluall & sanls 2o Ala aly cdun Y1 B (o pspustiall 30d 5 Badsall sboall o 3505 Bkaall il a3y a3l
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ol g aspusiaal

Dsia Lasad dusu )l jediall Jhe « jsinall elsi) G 203 e 38V acdlly ¢ dedlad) slaal) (pa iy cilasyslS Ll
(2008 ¢350ns) Aiseal LlisSa 8 (ggiad g Al gaally i mal)

: Gibb's Ratio (ws Jabia @ i L
Aongls LT D Bale Abgall ol slia & oSy el (ailiadlly A gall ol (s cp ADka) aail caaid
shaS 8 oSaall 8 EDUN Lanhall LY 038 90 mucagily ¢ jodall aa slall deliiy cgoall cunilly  Aall Jaea 1 a9
Gllead) 80 il axdiy pe€ hhia Gigped) coml)l bbie g€ a8 el ol 8 L)l Sl
oball G Jeliall o) cdadsall obiall sbian o jally obially jsaall (p delall 4Ty jUaeY) Jsha Jie danslsng yugl)
(Gibbs) sliaf (alaladl) adiuly el dad lus 2 ¢ Tadgall sl 83gn 3 € 04l dgall (AN (laas sl

: (1970
1-Gibb's Ratio-1= L foranions
(CL+HCO,)
2—Gibb‘sRatio—11:M forcations
Na+ K +Ca

Al dihia U1 sbud Gibb's Ratio 4 (6) Jsaa

Gibb's Gibb's | J&¥
Ratio- 11 Ratio- |

0.400 0.592 W1
0.387 0.641 W2
0.453 0.698 W3
0.415 0.637 W6
0.413 0.653 W7
0.415 0.614 W10
0.412 0.651 W49
0.402 0.653 W49*
0.411 0.658 W50
0.412 0.598 W54

. Gibb's Ratio das ilslax (gaiisg (3) Jsia ity Ao Talaie) Gaiall) : ol
(s Sl @l ol) ALl g dudyal dilaie 3 Ldgal) sbaall dunslsing gl libead) 56 o Taladl ke
Pl Ess Al Cully sl Zdee o)) e elldg oo ugail) simy Al dies G dide SV sle paes o) 2a3
o B aald Al Sl ANy dilal e Aggue 058 e skl pouilly dlall jsiall dikhie & ddsall slall A
sl Bee oy ¢ ysaaally L5l e Aagliall ye Calaall iy Glisd Adadgy iligl) LV ddlia) e Slad (T.D.S) e
ahly Al e Agsun G585 A gishll goilly Llall jsaall dihia 3 Ldgal) shiall S DA Gaas (Al il
(1) J<a a8l Ldall dgall goana dad 8 aalud Al Clis)
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Gibb's Ratio- 1

. (Aquachem v.4) gabiy alsiiuls (6 « 1) oalsaadl cliby Ao falaie) cpmiald) Jas (ha 1 jaeaal)

Aian On A0 Liad JUY) sbe aaen o 2a3 (assalisr assedlS — asigen) Langall cilisB H= (o hahia (385 Ll

i o Glld g il acayen die slally Gl 2 Y Hels das Lalal dugatl) Jaii 3 Lo Digadll Hedaay yal)
oLl mhandl (368 o Ausl) o aall lacl (B loyed DA e ad) sba ol ()l slaa sl Ludgall oLallS cdallal slaall jrms
Nga Lisis Bl class g liny) Oy il delue L5 o) Lda dge sy Bhall Clas gl Alld L Gl caall ddee
@35 @l slally Liall dpall clishall i ) Ailia) diling ghacd) Hha dap0 i) o) cdille dualess A0 5l dndaa
Hend ) _skall =31y JAill elall (i pety Cum ehandl olails 23l (30 aleny Ly el Ssnay cdopnddl) dpaldd) Junis )
e ) dualdl gl (s355 plall Ailall w81 8 pald IS8 lads Laldl Lsail) i @iy (2024 <Hussein
SIS a3 Lo (ks 531 paall 50L) (e gy Bysemnall A ical) cilabuslly Slehil) & Laiia (e 4aa3 b DA (e gaall

(2) <. (2023 ¢ hlall) shall cilayy g Uy lgaayes vie jsaally caladll (e

lgad LuiloasSl ualial) S5 e s oloall Ciiaat! 11 — € balada (2) IS4

==
-
- .
’— - JA'“"‘."’ M,
- o T
10000 1 - -
o w3|4/54 -
- w49* o -
- -
- - -
o 1000 L =" - w6\ 1p -
: Ligalll ypdi diosh r
] .~ a4 o Fe e st
_ ~o | e G A5 o
S~ - ) Joba g el
L 100 S~ ~.
~
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S eo kel foba Lisa
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1 .
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Gibb's Ratio- 11

. (Aquachem v.4) galiy aladiulis (6 « 1) culsaall aliby o o) cuiialll Jas (a1 jaaall
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:(Chloro- alkaline index) g Jakall jéja : jde DS
dad P (e ddgal) obidd) i of @lan ol Ly Aamall Llly Ldsal) sbaall oy @ilis) Jols ddee aaas S
leasd) al slSlly biglill chtge Ay Aalugy elldy collly psaaall o el Jelill agdl ciusli 5o clyiige
G 565 oLl s A Beationall gl o3 s oled Al Eidly Ludgall alaall o (sl Jobs b s s
—:38Y) (1977 <Schoeller) lsbedl ooz
CAl — I =((CL" —(Na* +K*))/CL)
A S e Bangy Aulis Alaladl) b Aerdiodl) yealial
& (K) psalisally (N@) asadgeall Sligd o Jols asns Al ) J 138 b el o2e il Jolal Ldge 00550 Letic
Jolal) el dungall Aulady) dasil) Gl Sall oy jpaall & (MQ™) assessiially (CA') asandl€l) cligd o ol
Aalall Spall Gt Jread) & sball dsadl jpdall (o5 Al b3 & Anclll Jals dgag pae Sl i gacldl
-(Ratri, 2022) Zdsall sball 3 T.D.S 424
gl obiall (o ) Jalall e sae il Jalal Ldise e deand (3) Jsa iy g Al Gubi DA 0
Aipaall Gigall (BN jsdaa (55 hinse dad 3 Auball dikiad Ldsall sbl i muen o 33 5 cAduaall Lt
(7) Jors Audgall oball S T.D.S L2 daliall Sgall uttyl) sraall & sbiall

Aiscadl \gitasy Rusal) o) (o (Aol ALl (5o ) Joa) sde iy (7) Jpin

(Chloro- alkaline index) | 2%¥'
0.325 W1
0.379 w2
0.371 W3
0.377 W6
0.393 W7
0.368 W10
0.397 W49
0.373 W49*
0.363 W50
0.363 W54

(e Ll Aalas gulityg (3) Jean by Ao Talde) GuEiall) Jas ¢ 1 jaall
:dgdgal) oball Jual : pde day)f
slaa Uie dubgall sball il jrmall s a5 eolaal) & gpalaally lin) LS Al Saasal) i) aasicd
Jahai pladiad 5 Glly ddjedy (2023 ¢ pba) dasill Dnglpnll Hpeand) Gaca sbial) ol ccuped S L) slae ¢ UaaY)
- (Awadh, 2019) sball ShaSsaall Jilasl) slady (pilales padiew (535 <Diagram Sulin g
((r CI- r (Na+k))/(r Mg)
(r(Na+Cl)- r Cl)) /( rsos
(8) Jsin %15 e ) al) dlaiid 2 5€PM% o @
+(2) bhsks (o baladk e 2l sbudll daesig Al (ailiadll cabias,
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Al astell A puatindl) Alas

e i 5 5y olaall L gls Bt (ailuadll Slsapund) sl (8) Jsia

At Galladl)

P BusY) JIS) dolas ciatg (AglB olsa
ok dade sl Ay o dujan gy QY
day Gladly il agay o Bua Adle
.8 o st PH diagaal)

S Alsa b Ayl Ay b olue
2dl) Ball GUBAN Craag ¢ ladlg Jadil) Jadsg
- (B
L (A0 S Y) Bahal) Ui AL e
o Bun Adle lala dilia dBsas Laglgn
sbaall o Jalslly A g jaa ¢ Jladl g Jadil) 352 g
Apaball g 438 5ol
B ¥ A Ay (JPEAYY BasY) (e
CUBAY anay «a Yl Biil) G Jluall
( confined Aquifers) & saaall 4xilal)
bail) Joha Jal e¥lal) alina B aag
3l

slall duc i Jalaal) Ll
NaHCO3 1aly e 8l rSOy) r( (Na+K)- r Cl)) /(
(Na+k)/Cl)
g e S
Na2S04  aalyw & rSO,) r( (Na+K)- r CI)) /(
r( (Cl- (Na+K))/rMg
CaCl2 PRI
(Na+k)/CI)
s 5 (e i
r( (Cl- (Na+K))/rMg
MgClI2 sy cpa i

(Awadh, 2019) : jaaall

Diagram Sulin ¢lgw habaii (389 dupall dihaia LT olual AaSgal) Jalatl) (2) Jakdd

CacCl2
Sulam ;('Na +E) S > Old marine
g 1 £80.0 water
o daga8 $ A3 Sal @A slaa
74
rCl—r(Na+ K) ‘ZtSQ“
Mg = 2600
[=]
— 40.0 +
rcl r;Na+K) <1 i
o a5 aa Jual @il slaa
20.0 + Mg Cl2
- Recent marine
L J
SO4 epm % water
3 5 + —Bs : + £ 3
-100.0 -80.0 -60.0 -40.0 0 20.0 40.0 60.0 80.0 10p.o
Mg epm%
Na2SO0Oa4 .
Deep meteoric water
Asas Ao olxe
r(Na+ K) —rcCl
- ~46-0 s <
= soa
o
@
-60.0 + :_":_ r(Na+ K) —rCl _ 1
=+ S04 -
L)
=
NaHCOs3 -80.0 +
Shallow Meteoric water r(Na-t+B) 7wCL .
Adanis 4o 92 olsa So4
1 00 8

ToUT

. (Aquachem v.4) galiy s .cpilalaal) alaiialy (3) Jsaa o Talaie) ouiald) 1 jaaal
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@ bay by (MCly) asatiall 2)slS duegiy 5 Cun (g dual @l WY ol cilie maes o (a8
s A o Ay il da sl Ao s i gl ephadl dagn sl daslall e colaall a3l Abliasl) f Al ailadl)
3ag Y can A coball JIaYls 53SY) (aag Aol duglly dagle Ge danlall 3 dlgguall Ay (lsdl danyu Sl
confined ) 5panall L5l CUBAY aas . Sllly i) Join Jals eV alies 3 aag o ls Tl oy Sl
SV el Ay e Yy Cyisalase Yy (0l e oyl Jaalls eV (e dlalae Al sda 0s<5 Eaa o Aquifers
Ll e Siad ofall i 0 jsaall daka ca (gall kall (g e Jaaa cad lia slaally cJau) Sl o)
e et 4l Ay sllarall el (ge olially AT 038 35515 ¢ Ghal) Jals Bagasall slaall (o aalil) Silivs julel
O ol Zhanuy LY jes ey (Catchments areas) wopiall ahlie ey ORI clads ) DA dad il oludl)
Joral) Jaley s gy sl Jill 8 olaall (ssise Ol copdall dadaia oo Leelil BBl ay ) Gl b llal sd
Sl 8 ol ol SOl Jobail) (gine cand ) el pdse Ciolin 138 ((goall Jaal) po CUBAN 3 Sl pulgl
(2003 «dils) sV il Capey L 13ag Lands Ol

: (Piper’s diagram) _ub hahia : jde duad

0o hhad)l 13 GsSh dadsall ol dac sy o Agduall LiluaSy el Slileadl 2l aading Lolull asenll (e 58
iy ehial 2D
(lignpSll Jie) @lsl) S AVls (asmseally casinaly casadlSll o) @lisalll Jia aaly 1ohaeld Ghla -
a3 o e IS o Aall ALl il aas) o - (25lSlly el SH clis ol
slall dyegi Caiealy ransy Las e gy ilisalSl (py ADW measal e W) el G gany 15300 Jiliiss —
Al Slatid Liacdles Wydeae anis sball Caiea (Ko 5 cabaiall 8 bl Aigad Alieal) Akl g o 2l
ie il (5<ig (2015 ¢ caxaill) . €PMY% sasnsy aladill 8 AL yaliall
Ll (e AS) and Auglall BV 55 005 06 64945 JISEY) 1 1 dakia
gl L) e SISI and ciliglal) S5 05 9+8+7 JISEY 2 dilaia
D) (aleal) e ST dpecal) (mleall) 05K 84945 JIKaY) ¢ 3 dikia
- Al Galeal) e ST Al (mlaal) (6K 74946 JKEY) + 4 dabais

tiiia Crada obuall dus gl Lgud ¢y 5Sid Ay JISEY) Ll

L) asass «(50%) 4t AniglSh Caulgyl) 55lami LS . (Ca- HEO3) ¢(lis S —asaudlS) £ 5 a8y el cpaall (S
Adgal) (aleall skl

(50%) Holam gyl yie andg N axd (5635 (Ca — Cl) (25l — agaadlS) 1 6 28 (golall ullial) J<i

SLslll Laasuds (50%) 48 sl ye bgldll Solam g ¢(Na — Cl). (205l — asagea ) 2 7 &) Gall) Gl <4
Al mlaallg

+(50%) Zg)lSH Lslall 55las asds < HCO3) (Na- «(lisylSy — assea) 188y o) caliall J<

OV e ) axds ((Ca—MQ —Cl) ¢(2sls agueine a5uallS A5k ) (AS5ika ldl) Lie 53 19 B (sslall il I
Adanal) palea¥y duslal) Y Waguds ¢(50%) 408 sy SI g )Nl jslas LS. (50%) Holai ¥ (sl

@ 4 . (Ca—Mg — HCOg) ¢ clisnlS — aspasiva aspllS A5k ) AS5ida oluall Baeg3 19 o8y lowd) caliall I
A(3) U5 .(50%) sslam ¥ Geslslly HeliY) e
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(Piper’s diagram) ok hbia Gada JLY) sbal Ligl) uSal i (3) J<i

(2023 (Gpuaaline) @ jaadl
:(Gargini., 2020) L LSy dudgall shall ducsi Gl yub labada (yaia 3halie Loy sl aag @l
clE iy ann (i o paa¥) slll) Gunall e (gslall g3l

Alaag Lde o Juad¥) Gslll) cueall e al) gial) =

o S ol s ilay Aaae Lde ((29mY) sll) Cpnal) e JauY] gal -

(4) J<a daimg a3V Gslll) Ol e a1 g3al) =

(Piper’s diagram) jub hhis e L) sluad dudadly dyaad) dudgal) obual) due g (4) J<
Classification of Water

@ Ca-Cl waters -
SlE gyl e (g5t 1D Dadgn AL

@ Ca-HCO, waters -
A g dade 498 9o olia

@ Na-Cl waters -

&
@ Na-HCO, waters - &
- & &,
Lie d s olype — Adpec .f
e Jalaly s e g *,

2 Na+K HCO, +CO, 20

Ca * calclini (Ca)° Chioride (c) =

CATIONS Yo/t ANIONS
(Zhang, 2024). : jaaal
s Sldy Goilh e gine I3 sbad) daegi Li) G ol Baladh o Auhall dakiie LT el Gl Laius
5Ssg ¢ Dbusl) il 8 a5 ISH g assensiiag ¢oppad) iial) G sl A ) Cia (panm 3SR Ll oo Slasd (8
Aadgall oluall Adliasl) ailadll A5 3 L(50%) 35la A<l e gy «biglill e AS) and Al L) 55
) oY) e e oluall (o e sl Lalial) Cigylally DA e i Al W Alelall laidally jsaal) Gailad,
agind b ey JoV dnpall psiall desi o I deju gy laygie die eYly piall (e LML gk ailal
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oo Laa cobaall Lgahazs ) daliaally siiall dande CaEAL dudgal) sbial) 8 Basasall ZOLaY) FaaS CaBRS 13g) e (sa
Sl lebiags e 25 dsY) HSIA e eld) elgial o S cdabal) dabaie LI slie il (8 Lguilds eesi o
& paalsally selsilly ZOLY) e 5 S 35a (Ao s Lgiad ¢ L8)) (g cBagagall lsY) o5 (Ao adiny Jrasill 12ag
el pah V) & il Laeh 3 5] Jlasiad Jio cdipid) ALaN) deis ) Aumads dalse M @l Canes aanys cold)
(5) JS& L apagall sluall ) Lgmdlis & (e

4adgal) sluall Ciiial! (Piper’s diagram) b hhis (5) J<&

Cl
. (Aquachem v.4) gualiy alsiiuly (4) Jdsss aliby Ao Talde) cpmialdl @ jaaal)

:Durov plot i se dakaidis : yde diw
LIS dogiall dowdl) Ao JISEY) DA Durov plot bhak adiey 5 obuall 5Ly 0gl) drpall Chuamy abadss Jiad
e «Na™, Mg ™ Ca™) dussal) 2B slae) 3 SUs¥) a5 ¢ SUslSl) ol sy S EPMO% dust )l ligd) L
g Gie U< e (S04 7, Cl ™ HEOg)alall aushll slael il cilig) oy cilisally claladdll iy g i <2
.(3) Lakasx .(9) Jsas -(Durov, 1948) cubie J< 52c 8 aic daye 308 e lbilall Jalis Jalke) sty claladdll el
Durov plot cig s Jabais cillaland) Ciuag (9) Jsaa

Adaal) gail)
sleall AuilasS 5 gl Arsual) JLAN Crauaa
X
Ak ola pure water A
digli y no contamination B
A gia Baga moderate quality C
9 (e e 385 | High concentration of Na & D
sl 5 a 923 gual) Cl
s Jos ion exchange 1-2.3
Lla gl s (ligd | simple dissolution or mixing 4-5-6
s g.ixi Jad reverse ion exchange 7-8-9

(Appelo, 2015). : jaaal
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