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Extended Abstract

Introduction and Objective: This research set out to determine the qualitative and quantitative
characteristics of groundwater resources in Bam-Narmashir plain by using Geographic
Information System and Geostatistics.

Material and Methods: In this regard, the geostatistical method of Kriging and Geographic
Information System was used to investigate the spatial distribution of qualitative characteristics
(e.g., chlorine content, electrical conductivity, dissolved solute concentration, magnesium,
potassium, acidity, sulfate, and bicarbonate) and the groundwater quality index (GQI) as well as
the depth of ground water in the ten-year statistical period of 2011-2021.

Results: The results of the preparation of spatial distribution maps of water quality variables in
the statistical period revealed an increase of the value of these parameters (except for the pH
variable) from the south to the north of the plain. So that from the middle of the plain to the north,
this increasing trend becomes more intense. The results of preparing the difference map of GQI
index during the 10-year period under investigation indicated that the quality of ground water
improved in a small area of the plain and in other areas of the plain, especially in the northern
parts, the difference of this index at the beginning and end this period increased by more than 400
units. This issue shows the severe drop in water quality during this period in most parts of the
plain. The results of the groundwater depth change map disclosed that, except for a very small
part in the middle parts of the plain, in other parts of the plain were observed a drop in the level
of underground water reported to be 52 meter in the most western part of the plain and on average
about 9.8 meter in other parts of the plain.

Conclusion: The results of this research showed that the quality of ground water was good for
drinking purposes in a very small part of the south of the plain as an except, having an unsuitable
for drinking purposes category in other parts of the plain. Overharvesting and lowering of the
aquifer's water level has caused the rise of salt water and the interference of the salt and fresh
water table in all areas of the plain especially its central areas, which the continuation of this
process can increase the salinity of the aquifer to such an extent causing deterioration of all
activities in agriculture and animal husbandry in the region. Furthermore, in the results of
quantitative study of ground water indicated a strong and increasing trend in the amount of
exploitation leading a decrease in the level of groundwater.

Keywords: Bam-Narmashir plain, Drinking consumption, Geostatistics, Ground water quality
index, Water level drop.


mailto:s.mohamadi@kgut.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jwmr.14.28.55
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.28.4.3
http://jwmr.sanru.ac.ir/article-1-1229-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-14 ]

[ DOR: 20.1001.1.22516174.1402.14.28.4.3 ]

[ DOI: 10.61186/jwmr.14.28.55 |

-

Y4 VEY obio /YA o)l [ p23)le> Jlo )...'x.:‘ 0j9> Cu ple dolidiangly

(85 oreb o g (55,38 aske oSl @ ® @

1] - 9}4 4.".3.0"

POAORI T 1 V0] | PR WS JU5 uu,%.es,%.q;‘,»u b 9 e Ol punti oy g

Tosl e Loy 9 gome ally o

Ol egleyS idpiy (6)5kd 5 (tato (oSS EMuass olSiils o Jaome pole g byt (519385 g pole oliinghs «(GgloST 09,5 luiils -
(mohamadisedigeh@gmail.com : Jggue odius 55)

Ol OlesS by (595 5 o a5 Mo oS oo ple 5 435y (5555 5 psle Sitngy o33l og,S okl ¥
VYOG 1l ol VEANYNF sl gl
FY L A0 raio
bgamne 205>
o5 9 bl Dol plu 1 ol b judley —n > (o ol lio (o5 g (S Clogad (g B b 340 (] 1B g dosdo
A Fl}ul )L:i
S i Joli) (S Sloogas e @i (opp S il Ml s 5 S8 )Ll s g 31 Ll el 5 B Rg 9 dlge
019 )3 i) 2l Gos 35 9 (GQI) (wojnj ol kS (a3 ls g (SS9 W ey dpn] ol oo ke e gl sl Calé o S5 sl culin
A odlatel WY =VF e el 0d (o)l
(PH yesze s2ras) ooy ol Jlado (al38 51 (S (s 2090 )l 0)93 33 Ol S (slopitio IS o9 sloadds 4 5l Jol> gl Laeidly
Joles aiis and §l Jobs gl 0,8 0 2934 (6 i b il 3Bl Mgyl Jlod ooty Cudd dos a5 (gybay ol cubs Jloss 4 gl
sl )0 g Canl Bl Doy uoip) ol CutS Cundg Cudd S S sS e ) &S cunl gl 5l (Sl wyp 390 dlo Y+ 0y9d Job ;0 GQI yasls
O gpdgm ol scand adly Jalidl asly ¥ e 51 i el 0593 (sla 5 1az) 53 Gl () BT lisn o o (slacuand )3 o3z s bolis
Uiy jady &S Cul ol 5l (S s ol Ges pud pb 4l ol guls .l b s isy sdes )3 0)90 il 0 ol CurS L il oiad
s Cadd dladi oy 5 )€ )0 Sl ol l5ae &S udly o e Ja.b.w Y el sals e bl plo jo cubs Ghe o o (So68 luw
Wy o (5o VA Cdl 4y baugio jobdy cubd blis plw )0 g Cusl odgw) yio O 3ga 500 4
O b Blas Cax e O S Cbd Cg Jl (SosS e S5 )3 85 aad e iyl G ] Jols gl 16 S Ao
cge olyul (ol gdaw €l g cutly y LA Bl oo cuslial oy Biliae e (o) ol S B B plo 3 A0 cnl o 4 g 3l
393 Sl 4 cloan] (5 Wlgi oo gy oyl Adll &S o ] (655 50 (D ohigr cudd (g pled D b g yed Ol oyhw S5 g Hes LI (SaslVL
Sb @l win) @l o8 adlas iz ) rizren S 9 55 |y allate (59l 9 (65)sliS Glacld plot oS 5,0 Vb s ) plsel 590

el s Ol aw el aou )3 g 30y e 0dnljE g LS Xy, 5

Sr935 Sl Olgisa Slgn B a3l bl Semg (wlie )
A3l e ol Gl glie 155 5 copte i)l
ol (GQI) (o) &l S (a3LE o g, cul §l (S
il Qo gl oy padls S pasls )l
Lumb et al.,) wibo duejp; ool Solotmm
Gilises golaws 13 |y O 53 Ssn g0 polic Lasls oyl (2011
sl ey Coled 2 g wmde 15y 3)90 (S
&ly 3 w0 )] Ol cutS IS Cumdy (gl patie
ool 1) 0505 O CadeS ilise (gla e GQI a3l
b auglio cua 1) (2l padls jluie b S oo ploo]
5 Sl b ol (Khan et al., 2011) sa> )l calise
3 oalizl b 1y GQI e o S adls (Ko
J LS 2 s wbe GIS il cledlbl wlele
iS50l el el B 5 S (5 )8 (sl
(Jole Slisly JS liy b i e cuandS” saadlio
clale claais o odléwl o> adls 8+ Cligw 5 S
qubuww9wl)4§)9«)bf‘“w§°
Olosle @y 2 bl diwly pl o 5)S edlol sejyj
Babiker ) ¢,5 ;1,5 oslitul 3,90 (WHO) il cubliy,
KoM sl b, 51 (6 ylous 4S5) & 425 b et al., 2007

dodlo
ol dlr Sl b ale So eein O
5 e e g3 o > (oolaidl g slaiel BB Saelsl
g5 390 yi0S il Lol) ol L5 ol by ol biusg,
e by 3 WS o Bl pludl oy ) (485 1,8
cleay |y (Sogl 5l loalid s dwejpi ol (slroyiuw
e 9 $gldS ixio Siyld ((Lnlind dnwgs
&l Cusdb o 500 (Foster et al., 2003) a0 4,50
dSpdiee @l onl (o 9 (A5 SOl cage (weinj o
sy os bl ol (Gharbia et al., 2016)
sl 5l 3y90 njps Ol @lie (b CudS I cblis
oarasS (ll) il o wal)3 L3350 slp |y 5 e
Lis (z) 5 M Jlo glsieas 2 5 G Of 5l cblis
oS 5 LsiS byl (Loucks, 1981) Jgd b T cuiS
e 2 6 odgl gy 3ble  aejp ol gle
(Todd & Mays, 2004) cul Ol lie (6355400

Gy Sy sweins <l e cblis 4 lawd ol
i) Sl CudS Dbl g il a2l 5 g


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jwmr.14.28.55
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.28.4.3
http://jwmr.sanru.ac.ir/article-1-1229-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-14 ]

[ DOR: 20.1001.1.22516174.1402.14.28.4.3 ]

[ DOI: 10.61186/jwmr.14.28.55 |

oy

i ol e pen D51 sl adlllas 390 ailaie
e Jsb 5> allas 3,50 it I i ol 5 55 (GWL)
sl (Shahzad et al., 2020) > 3YL omwge Juab |
Slol oty b Bolis s &2 (WRA) e 5 ol
asadi ) ausl,, AHP 4 GIS I edlatsl b uejy;
CutsS wyp & o) 5 gol, (Nalivan et al., 2020
Ravi etal., ) xislsy (659liS Bylas Cagn uojpj ol
3,8l duslio 4 (Vo) o)Ken 5 awids (2020
S CatS op 3 sl o) 5 ot hon slaby,
e e 3 )Sdee 5l (Sl 3585 (pl ol WS (e )
)l o slasdyy 4 Cams (5516 — Ak puae 45
<bil 4 ol 4 ¢l (Moghaddasi et al., 2021) ¢!
LS i sla e clale g YU sniad LS G oy
& ‘01)&‘?@ 5 4,8 (Ram et al., 2021) >4 oS o g
owes U5 el b ggeinj <l CutsS Hlad b))
@l by O CudS Gbpsie olesdgyin o )bl
ailaie /¥ WSy (ganaib by Gudo a5 o ol
Oszxen bl Jlo U ogd CudS (s (g 2590
Juat) (b s 85 3l s olad boo 5 06 ol
i o bS5 Wge 4l (8 Jlod 5 (B
J(Farid et al., 2022) cusl jby55 0 (oH)lol slp wlio
Hlie i ol CadsS (V1) ylSem 5 o5
Ol w.ﬁ}o’u;‘ _C"L" sl u.zz:l.a U292 LS_LQOI'\:'{*"‘ 5!
EER RGN S I TREW VRPN 2 PSRN RV I [PU RS
CateS iy oy en o i (Nezhadi et al., 2022)
0 yarilo > d)LoT J.J?u )I ool L STy J)LAA o> u]
ol ls sy wa Jled o gl cuss K p GIS
ixkio g Sl e alime; sl b 5l Sl i
(Singh et al., 2023) cuwl uejyj ool (Sagl o
5 D oj ol sloads ags 4 pldl bl
03,8 490 I Lhomiw g GIS I eolawwl L JlsSis
Slis ons plosl ligins sy @l (Alharbi, 2023)
b yusio (Sl Ol ()0 4 Oliiod (pl odas An3 0
Ol s plojon aslllas 4 53)l50 3 5 (i) o e
Cl CaS (adld qwpp @ S g Wlashy (dejnj
Blg ol 0as wildyy (ojpj O aw lojer (uejn
o psS (e 5l (S 4l ) pedley @ > (05
s ol Gl @l Jl g bpere s B Sl ol
o155 3 00 WAY Lo il s (o ol b5 gon
i Sk @f O s mlae ofgp Wle (b s
oo 0 (gl szul sasie Glles (gl slud dw Slisl
6 215 5 il s o 5 )b S sVl ol
oS Sy g, 3y Sslize SISl oS3 B 3 o 3
ol g0 CuiliS aales g atsliS cubd pl bwe ol pdaw
Cons Ol @lio 29008 oy s Of 1 (230 Pl >
35 bge ol 9i9eb G 5 Sloj s 4y 4k
SIS J9)biie) (sej ) o S o 55 b e (ul
& ol s copl 1 (Company, 2008) ks o

03lj s Loy c(gdadne diydo

VeV liae /YA 0jloss /o2 )lo> Jlo ),.>u| 059> Cu e dolidiangy

Cowo owwﬁd)wg o>l &l ey 08 o
b s 1 aib 0wl Jobs zols sleiel clils 4
oy kel wej Slagds) I Ol bl cnl 4 el
wbad il olul p pasS ol eej by 0 e
Oe3S S jobots 255 o0 )90 55 )90 bazme 3 39240
seere ke ol of (b o8 ol 52l 6ol (30
e 5 edlatel b1y polre Glaike b blE (5 cueS” K
Cawddy polre Glaiee b (6,500 bla )3 cueS lod polso
4 495 b 14 (Hassani Pak, 2005; Issak, 1989) » s
Gl CaldS 58y eeing ol daw (o5 bl <S4
Om) slagbyy 28 il (lael gyl e
a3 o Sl osly olas jlisle &Sl @ avg b ()bl
Szl sy ple g Se Glud e Cas
9 o5 Ol N9y g Ghgy ol Sl ool b cplpl
SI)l3 gy 090 ) Cud S 3 ejpj ol a5
LM s 3)l8" dizej 3 (G300 sl sigs 95 b
Cl@le (o5 5 (&S owp 2 bl ) g 2l
9 e ol oad el Glpl g Gl ) (eein)
Gl cuiS Gl SBe mig ooin 4 ol
5 Sybol opoj 2biyeyd oy 3l eolatul b 48503
Oy &S b s b cpl s aishy SwdS
IDW (39, & o (6 i (28 i 565 9 S S
4 o HKer 5 olwls (Mehrjardi et al., 2008) sl
o 50,93 S0 )3 (o 5 Sl CodsS (sl g (o) 2
(Cl Na SAR EC) ol LaS yite )z jl oslil b Lo
slaliog, 15 GIS 5osb 5l o)l (sl o (092 cslio (12
Ay olpl 33 leesh g Gl il Gleole e
2 odd gl sladiges 7 ¥+ oS cusl o] 5 Sl gl
» biges 75 5 Jo ol lyieas WQI asls ol
wswle .(Abbasnja etal., 2018) w8 )3 )3 os ol 03,
ol il Ban aisly anegl dal s 4l )3 @Bly yudcome
5l eolitwl b ey wejp) ol cutS cdbdigy ddlae
Do bl SleMbl dlobs g gwojp; ol cutS jadls
PMUEY o cas (asld jlde oS b ol b
M.S o2l (LS sbas .l Job bB U lawgie L;Lam{
o ghlie plo 5 €l (08 wga 4 (Byd Jlod &
DS o8 hwgie 03y 9 JeS B 03, S
L (VW) o) Ken 5 1yl 334, .(Abbasi et al., 2019)
S0 Sl (o) 53 Jlol (0 9 (a8 Sl by, Al
U9 45 Kdpy dom cpl 4 sloge — b 3B by Sl
Roodgar ) s)b gy ohlS Kiow S8 gbl e
-5 Ul 4 pldl o|San 5 olje.s (Irace etal., 2019
05 i) @l CekS Sl e Sl Sl
5 GIS jloolatnl b ksl Glows vl (buej s ol gdaw
s 5 40525 08 s gn S5 9l
as ol i dwejpj ol RSC 4 SAR EC las mje
S ope Cand  glol e Ol cudS


http://dx.doi.org/10.61186/jwmr.14.28.55
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.28.4.3
http://jwmr.sanru.ac.ir/article-1-1229-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-14 ]

[ DOR: 20.1001.1.22516174.1402.14.28.4.3 ]

[ DOI: 10.61186/jwmr.14.28.55 |

oljepus Loy ¢ gdadno 4y duo

oA bl Ml i Sl 030t b ajj of CuoS g CandsS padld Sloj g SISe Sk (o)

1255 4 Jlos jl ailate () sl 00 gdly Jlous 4255 ¥
b ko &0 030 5l g Glieswr 068 4 G jl g g
Ol Gy g 410 A8 Cubd lawgle gl )] bl o dgaoce )b
olyodrds (6065 9 Suid (glod 9 Ol .l @y yioghS ASAS
Ol S g0 (slagline) 5 S 5 p )5 Glaglianl
S o 50 AVl (S5 lise 45y ebdy Cul oS> s
L;la:WJ S GSS by opl Al o yioslio £0 5l 5108 g oS
el i 5l g ablie plo)S Gl pogadas )9dS wye
Sl QA8 b g Conteo 659l i3 3L 390 (ol e

(Salajeghe, 2010) u5" oo ) adlaio ;5 1) oo

5 e ol S Gasla Gloj g (IS Sy ()
5 ool (o) sy Jl ooliiel b iejnj & o
s dle o Gloj oyed (b o oldlss cleMbl i

.w%ﬂajg(\f~~—\Yi~)

Wy, 9 190
Ml]aab,,od.ﬂa&o

G (£ peglS VoV dgds dlold 4 yuble s~ cudhd
Ol )l 48 gl pgS ails 53 5 plo)S bl 350 (S5
5430 0 1 5 4ad> V0 9 4> AY sla Jobo oy jd Cubd
A YA G azdd Ve g o oVA sl o e 5 (B g Ve

58°0°0"E 58°30'0"E 59°0'0"E 59°30'0"E
I I 1 1

w( P
29°30'0"N-] - [-29°30°0"N

29°0'0"N -29°0'0"N
Legend
Laial Jss> N
28°30'0"N -28°30'0"N
D 34 295~ Basin
[_] aswpiain 30 15 0 30 Kilometers
. sla-Well
58"0"0"E 58“3(‘]'0"5 59“()"0"5 59“3(‘)'0"5

Cud > el glaoly Cusbge 5 lpl )3 yublo s~ caBd oyl 0jgs Cusbge =V IS
Figure 1. The location of Bam-Narmashir basin in Iran and the location of selected wells in the plain

n

y(h):an(h); [2(x+h)-z(x)} ()
S el ady 4y cladiges cadn dlass n(h) o s &8
h sl Jaskin dlold
X alads ) o odnlie pxie Z(X)
oS ol (XH) Clateo 4y dlais 93 5 yuite e Z(X+)
Ly )8 e 5l h alols &

h Gial5ol b Yooms 4 cusl h 2l acads sl ol by
4 cuolio plS o lg dls o oyl )0 1205 0 oS s dlass
e o gol cpl &8 as bl sk olad Hlsle
A plol GS+ (gl 38le
S SIS Al 1 ylol (005 0055 5 ommdly i (<
ol ¥odlayly & ypods Kiuom S

2*(x)=3 iz () (v)

Ni Xi aaii (> Z oris oanliie jlade Z(Xi): )], S
Z*(X) o Xi dlaits > Z jlade 4y 004 0310 Carns Caedl by 59
Delgado et ) wib o X dais ;3 Z i 03) (eSS e
(al., 2010
GQI iwnjpes o S il (3o aabl
CieS (aslh pl ol Casddy gy 2 390 (slmole I S50
03l e &l el 1y O LS dalisee (slayral )by

GBS ()

e Jlo bl 3 Gl Sldes plsil I
FY olaw bl claols oo, oad sl p O (sladiges
ST 30 S (i s 3 S il o i
(MG? Ca?* Na*) o 58 ol o ysite ol 26,5 |3
EC .TDS pH (sl uito 4 (HCO5 SO CI) o0
cladiges 455 5 aBiulejl Glles ;I uw addl )3 2
5 Sl 05 LT 2 pluBl ¢S (gl jeito 30 i 51 O]
e @iy AE s e 9 Py lajielly (e
Jley e 0 Sesliolgy SeSay dajpiie ()l
L isyge cslosls Kol uaS5 s cysizmad - ATC GIS
dlo 03 o o3l pd Slyuss cwyp) 3.8 Bun & dogd
0in) 2 S g CuinS slaosdls (WYR-VFe e 5
it O Sl <8 55 5 VWA Jlo il 41 bgo
A A L‘)Lc)f OLL.»\

S IS gy ooy Julows g 42558 5 o)l (35 50U
3IUT ()l 2333 punnds Al o 93 4 Kilg5 oo (65lo] yo LT
e S bl el (g, 5067231, S g0 lg b (sl
3 Grends 9 039 b i o o el S Sl
503 g5 N() S1as 428 L 355 0 030l S 52)l5 (2T
11 Loy o e ildly S0 51 D L el a4 a8
Do o dawlowo V dlayly 74


http://dx.doi.org/10.61186/jwmr.14.28.55
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.28.4.3
http://jwmr.sanru.ac.ir/article-1-1229-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-14 ]

[ DOR: 20.1001.1.22516174.1402.14.28.4.3 ]

[ DOI: 10.61186/jwmr.14.28.55 |

AR

oljepus Loy ¢ gdadne 4y duo

sl o] skl jlade “gad o >yl o clal
sl oo Cowday ¥ dlayly
qi= z—i>§100 (\5)
oo eyl o 3 lusliwl jlade Si 4 clale Ci :C{] P as
GQI a3 ls coles ) .l (MO/L) s 53 Ol diges pd
1] o Cawdts O abai |
i=1 Wi o)
iz Wi
ool 5 GQI 04>L., Ao )0 b psie 51 G ya 59
Potop &) Ll o Cowts V Jgo 5l WHO )bl
(Mozny, 2011

GQI =

VeV liae /YA 0jloss /o2 )lo> Jlo ),.>u| 059> Cu e dolidiangy

Sawlie ¢lp Sl & W0 S5 e b k6
5 Sl bwsy VAAY o 10 asls (pl 0gd eolitwl SIS
ol 595 5> NASUNO (gl CobsS e sl oo
ol 4wbxs .(Delgado et al., 2010) . a5 K4
ds Jols WHO 15 T S 3 bl ol 3 a3 ls
Fall 2 (lp o8 23b e (23 059 Jgl P8 18l o0 Al s
039 S i) 2l S ) ol (i Coonl 4 a2 L
Dgds g0 03 pladlo byl

Y oalaly ool b &S sl i (59 dunle pod s
Aol oo Camndey

—_ Y
=1 Wi )

P8l byl )by sl N gyl ) o 5o Wi ol ) oS

Wi
W, =

Table 1. Values of weighting coefficients associated with groundwater chemical parameters according to the WHO
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Table 3. Statistical descriptions of groundwater quality parameters
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Table 4. The results of geostatistical analysis of studied parameters

o 5 Jslo olul 556 auls aili] ol ks I
R2 b Range sill (C0+C) Nugget (C0) Mo Varia
(%) C/C0+C () (&0 5%) (&2ro5)
1400 1390 1400 1390 __ 1400 1390 1400 1390 1400 1390 1400 1390
041 059 0.69 094 27500 25000 0.62 0.61 0.19 0.037  (circular) 5 (circular) 5 S0
053 053 099 099 26700 26700 1.55 1.28 0.001  0.001 (circular) g5 (circular) g5 cr
086 084 085 077 31200 20800 0.27 0.15 0.04 0.035 (Exp&ﬁ;ﬁ al) (Creular) s, HCOs"
038 056 092 091 26500 20000 9.5*10“% 0.001 87+10° 0.001  (Circular)s,s (Circular) g5 pH
052 054 099 099 27000 26500 0.63 052 0001 0001 (Circular) s (Circular) g5, DS
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051 053 097 099 27700 27400 0.79 0.63 0.03  0.001 (Circular) s (Circular) g5, Na*
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Sl Sl
052 054 099 099 27200 26800 0.6 051  0.001  0.001 (Spherical) (Spherical) GQI
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Figure 2. Spatial distribution map of groundwater quality variables and GQI of Bam-Narmashir plain in 2011
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Figure 3. Spatial distribution map of groundwater quality variables and GQI of Bam-Narmashir plain in 2021
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Continued Figure 3. Spatial distribution map of groundwater quality variables and GQI of Bam-Narmashir plain in 2021
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Continued Figure 3. Spatial distribution map of groundwater quality variables and GQI of Bam-Narmashir plain in 2021
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Figure 5. Spatially distribution map of groundwater depth in Bam-Narmashir in years 2011 (A) and 2021 (B)
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