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Abstract

The development and management of aquifers in coastal belts is a
significant contributor to sea saltwater intrusion. Therefore, tempo-
spatial monitoring of the qualitative behavior of these aquifers is
crucial for understanding the development of salinity, identifying its
sources, and implementing measures to control this phenomenon. This
study investigates the hydrochemical variations in coastal groundwater
resources of the Ghaemshahr-Juybar plain by the Caspian Sea. For this
purpose, a combination of statistical methods, principal component
analysis, the saline water intrusion groundwater quality index, and
hydrochemical facies evolution diagrams was utilized alongside GIS
tools to compare, identify, and investigate the tempo-spatial changes
of saltwater intrusion in this coastal alluvial aquifer. Based on analysis
made on qualitative samples collected from three unconfined, perched,
and saline aquifers during four time periods (2011, 2014, 2017, and
2020), saline water intrusion in these aquifers is certain but the sources
of their salinity differ. The results indicated that the chemical
composition of the groundwater in aquifers of this plain is primarily
controlled by three main factors; the saltwater intrusion from the
Caspian Sea and the fossil water from the bedrock, the reverse cation
exchange process, and the influence of domestic sewage, agricultural
activities, and the use of nitrate fertilizers. These factors, whether of
natural or anthropogenic origin, have been exacerbated by human
activities, including unauthorized and excessive exploitation of
agricultural wells in the plain. The findings of the research indicated
that the construction and operation of the water supply network from
the Alborz Dam in the plain, and the use of surface water for irrigation
instead of groundwater wells, significantly reduced the intrusion of
saltwater from the sea and fossil water from the bedrock into the
coastal aquifers. Therefore, considering the geological and lithological
conditions of the studied area, it is essential to restrict water
exploitation from the wells to prevent the intrusion of fossil saline
water into the existing aquifers, thereby mitigating the saltwater
upconing phenomenon. The proposed approach in this study for
managing the salinity of coastal aquifers at risk of saltwater intrusion
can be highly beneficial for both managers and researchers.
Keywords: Saline Water Intrusion, Coastal Aquifer, Principal
Component Analysis, Groundwater Quality Index, Hydrochemical
Facies Evolution Diagram, Qaemshahr-Juybar Aquifer.
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Table 1- Groundwater balance of Ghaemshahr-Juybar alluvial aquifer (MCM)
(MCM) s ga— oeddld (0 plgtal (o & (M ) Jga

Water balance component Input Output
GW inflow 42.49
Infiltration from rainfall 39.41
Penetration from surface water 45.96

Recharge from agriculture wastewater 69.85

Recharge from industrial and domestic wastewater 29.4

Discharge by wells, springs, and ganats 210.63
GW outflow 2
Drainage from aquifer 10.78
Discharge by Evaporation 41
Changes in the aquifer storage volume -04
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Fig. 1- Geological map of the study area
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Table 2- Qualitative description of GQIgy; index to assess the state of salt and fresh water mixing
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Table 3- Average physicochemical variables of groundwater samples from Ghaemshahr-Juybar aquifer in
mg/l (Mazandaran Regional Water Organization, 2021)

Mazandaran ) (mg/l) ;L ga— seiodB o151 (ylgoul cwo s OF (Saiges (ot bows g5 jud (S pakio yuSilo Y Jguo
(Regional Water Organization, 2021

Year Ec TDS PH Ca Mg Na K HCO3 Cl SO4
(uS/cm)  (mg/L)
2011 1849.92 1228.58 7.48 6.29 4.08 7.9 0.11 8.38 8.02 1.86
2014  1572.45 1040.65 7.15 7.24 2.20 6.06 0.10 7.83 5.98 1.67
2017 1376.15  905.85 7.36 6.08 2.71 4.70 0.10 6.80 4.35 2.44
2020 1394.48 921.08 7.01 6.08 2.89 4.76 0.103 7.40 4.07 2.23
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Fig. 4- Representation of groundwater samples from 3 aquifers in (a) 2011, (b) 2014, (c) 2017 and (d) 2020 on
Piper diagram
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Table 4- Varimax loading of the physicochemical variables for each principal component
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Parameter 2011 2014 2017 2020
PC1 PC2 PCl1 PC2 PC1 PC2 PC3 PCl1 PC2
CI .966 .951 922 915
TDS .951 .938 974 973
EC .952 .938 974 973
K* .825 .809 731 .810
Na* .976 .940 .947 .914
Mg* .839 0.673
Ca?* .889
SO+ 710 | .817 0.657 .829
HCOs .837 0.898 .827
NOs3 .902 0.961 .866
Eigenvalue 504 176 | 547 130 | 496 149 105 | 518 1.466
% Variance explained | 55.86 29.14 | 62.14 2250 | 52.61 18.70 12.08 | 62.97 20.06
Cum. %Var. explained | 55.86 85.01 | 62.14 84.64 | 52.61 71.31 83.39 | 62.97 83.03
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GQIgy; yas i bawg saws el gavald > S cLdiged ( p8 )8 Comdg —F JSU0

Gilas Caa dgy0 cuiby Jds 4 ddble oyl & A5
ol 488113155 508 OF 3985 1 Slie (g5,9LS

5 )8 )3 sbyd gl 3 & b Of (gl (Blae o i
Sl S gt Al 03 0)53 cul (o 13 555 5 31T (gl s el
ba (oYL 0 ldiges Fo3Y Jlo j0 e 0 Glis 1y Gueips
MixCa- 5 MixNa-MixCl .Sy (gols 5 b
E3o50 oyl oS ol At oyl Awa MiIXHCO3/MiXSOy
25 L yed g e o o3le LIS 136 Cox o jhw opl &5 ol
Sty LY NE Jlo 55l Sesls @Yols b e b oS
Sl arr ad Jsgd b ol g )3 5yl s Gl 4
oyl (Sdonm LalS cer 3 o €S 5 o3l o (e
O a4 )lab (3500 2)lg 9 (33 b9) Jlad Cos 4y e
)5 518 Blae ojhe Cyglne )3 A4S (5)98 0jhu )3 290 )b

Shahnazari Et AL _w,y jl odel covts slaasl b asus ol
b Gl 5l ly i ol g 5l5 il &5 (2018)
S1aonpd B @ posSas Gl VLS 5 5 I o2les 58
plovl g (Sascpps a] asbl el ol cle b oy
S 4,35 5 o oy )3 et I5515 SYoLS gla 28]y
LYY o sl iyl oyl 4505 51 00 Ly s  ooxdas
e okl Cumbge 4 oaly Bl LU ks sl
2 ke e (Sudyss 3By aly g odd Sge (Sabiy b
b B i s olil g sles 0yhw Juold ss )> aBly Hoi 0y
o1 b 030553 pl (b )3 9 Ol wales 4 4 oo e

bl 50 Heidari Cherati (2020) lewgs 0w oyl 5l o cuily

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

AD



290 Gloj 09> b ohuijle slalaie O Glojlu I el
2 gyl g HYB slaaslisg, ol TDS 9 EC lds o)y
o8l OT Jade s dibo jd 53l 1) 295 Hlade o ieS Cawa¥ly
a3 ol |y (st JB Rl cuds s (b 3 5 Moo
do oyl aSs bawg i O w35 Jds 4 V¥ Jlo
9 O e 4 g 0dd (598 Cubd Csix 3l ped Of dg )
4 303l ojh ) 1y jye cnl g eaygl HLiB cppd g 9 ailate
Ol ags L puiomen iluy o Cudd S pe 4 S35 (slaciowd
oy b Ol 4 (Sdgphen (L3S e p> Cubd Login 3l oy
4oy ol 03ls) (3lao 00 4 1y 3 Ol &l 5 005 3)lg 50
Lol &l 390 YO Jlo & o 59 9 31T )0 oS 251
o)l 00,8 Iy ialS Ve VY o 4 s Blae 0,00 CualS
26 cov ol ojh 3 olesdyren ojludy JelS5 Sl gl
Jls 53 el i Gl g pgs 515 e (ped O s
e (Sdaen LalS Caz 0 i ol (s a0V
Al |y ya ol dalaie g odelyd e8> a4 Cudd Jlowd Caoww
1P 9 29 0k ) gz g B8 5l lagise ) e g Cul
2950 0dnlio ) o paley Sl ol ojhu () Sl 5 (3
OBl g8 S Blae 0jiw 53 ol yob 4 (Sabin e
oM 5 2 ol B s VY Jlo o (e o 005 i ol
B Sl 3 39250 s Ol Wbj (35 e 9 aped o e
lboylasy oS &Sl godge o) S ALl (ubd sk
Saly 435 e Jolo 4 yide 0jhe dw cpl 3 (alondy e
3 Gwoips Sl 8l e 50k (st wilo else 5 ol

A)10y55 5 (8 yieS Coon

Eugen g aoMs -F

Al oS lerdgpnn bojlud, LSS 5o ol
by e O Gopin wxs e eiel ol daw
0235 ()l (slabg, 1 oolimal L1y jos Ol wlie plu g 535
sl Jlw ¥ g dlls 63 090 S5 0 HFE-D 4l 315 4 GQlgwyy
s ‘_%.aL b A o ) VISR STV B3 PR RAN AN R SR RAR
290 A w2y Jolye (Sl g Sloj JalSS o,Litl 390 (123,
2Lolid 3)90 )95 g Glao Il (Bl 0k duw )3 (SBcpyd
25 5 Sy9 YD (i el Custy s slio 2 85 )18

D905 (Shuged pj Oy 4 |y bplggul ol )3 Of cuis

o o 5 g okd bl b Ol b 3lae 0yhw (e O LS
2 ol p oyaw (ol Abled o Iy 5053y Na-MixCl 4 Na-Cl
e ST b b g 35T (olboyhw i asbl b ¥4IV Jlo
s MIXNa-Cl & 1) 58 S 5 ([ Sy 518 Gty 5 (o
s o A b Fisgd Sl &S o3l s Ca-HCO/SO4
JLo B Y Jlo el e 0 5l o0 o b 95 w9
Fove Jlo ,d ayeb 4 bb o deld] Sadop s an],d XY
i ) 355 o0 oAbl i o) 5 Ca-HCO/SO4 o g5
oriias S5l VLS 5 (Sadop e wulp Cdpiy srimd Lty

ol 3lro 0420 )

2 lesbgyien laojlud; Sl g S @iy 25y car
2 OCadse e p ()l paiges bl HFE-D 3,555, (ol
Wao yhs (£ pyapm] cBAE 5 o djliel HFE-D loges
(Y JS8) 4 s Bl Jlo ¥ 5 595 O 59y 4 o
saids 4 Jas kriging interpolation s, 5l eslasl b besls
oVl 6 byd Ol g ol (slavojiu o bl 505 cabaieg
S o (b 5 45,085 et e 4 4 Canl (Kol
uasuie Y S5 (64, o iNtrusion o freshening s 5.0 b5 30
Qoye il W4TV Jlo 33051 050 ) e ol sl o
0y | (srmg 0394500 U (53,5l B)jlae Sz 39290 (Slol> |
(83930 (Slaciond 5 )0 0 o 0391 | p2 g S (15w
9 0P ) (S5 03985t LS 9 03,5 (59 pdey Blae 0)h (555 ]

0392 ol 53 595 T 2o 1 gzl Jled

@ gy 5 0L Bl 0jh A5 45 am3 o0 (LS 9090
A e 195 ]l g2 Sl Sxi e 85 0350 S o5l
9,6 &l5g)) cuss 3 o)l slaailisg, a8 Lol e
Sleo G50 53 9 2SR (I Cbd (o5 (50 50 (3g) ol
w3 oisu ) 303l oyhe 1 Wy 1) iSe; i cuds Jled
68 ol ol Sl Jsle ) 48 39 e 4035 ilsdg, ) Loy
ly bl ojae 53 olewdgiiorhen slaojludy JolSG ¢ Jome 4,355
ol iSa; 5 Slas (pizran Amd o )5 28 48T Cov
Ol 3 25 JB a5 Jole Wl ooy 0jhun )3 Cub3 )3 25290
S byl oamsglis ol cp) 295 Cgucne 0jiw I i
o Gl S5 p5Y el (rbas (sla sl g 009, o S5
Sl S o CunVl 3 i 4 29 ol 5 VB slaalisg, O

Candy SleMb] olw! y .Canl prdw LIS 5 guandS” L1, sl

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

A



36°35'0"N  36°40'0"N  36°45'0"N

36°30'0"N

z
>
in-
o
)
Ll
-2 0“’i il )
.3 2
| - rasW -1 = -2 mKllnmetem

36°30'0"N  36°35'0"N 36°40'0"N 36°45'0"N

36°25'0"N

- 024;8

1w a+SW -l%n-mellnmeters

52°40'0"E 52°45'0"E 52°50'0"E S52°S§5'0"E  S3°0"0"E

52°40'0"E 52°45'0"E 52°50'0"E 52°55'0"E  53°0'0"E

36°35'0"N 36°40'0"N 36°45'0"N

36°30'0"N

B F4+HFWN
BF3
EF2
IF1
—n 5 E
=17 S
0 2 4 8-

.3 3
. 4SW -I%n_zl(llnmeters

36°25'0"N

2(

36°30'0"N 36°35'0"N 36°40°0"N  36°45'0"N

36°25'0"N

== 024 8 s
3
1 mmasw -lgn-anlometer\

S2°40'0"E 52945'0"E 52°50'0"E 52°55'0"E  53°0'0"E

SZ°46‘0"E 52"45"0"!*‘. 52"50 0"E 52"55 0"E 53°0 O"E

Fig. 7- Spatial distribution of hydrochemical facies of the three aquifers during 2011-2020
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