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2- Intrinsic Vulnerability
3- Specific Vulnerability
4- Overlay and Index methods
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1- National Research Council (United States)
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3- Analytical Hierarchy process
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1- Geographic information system
2- Risk
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Figure 1. The location map of Sarab plain (Adapted from 10).
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1- Digital Elevation Model
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1- Transmissivity

2- Land Use

3- United States Environmental Protection Agency
(USEPA)

4- Depth to water

5- Net Recharge

6- Aquifer media

7- Soil media

8- Topography

9- Impact of vadose zone
10- Hydraulic Conductivity
11- Weight
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Table 1. The rating of effective net recharge in DRASTIC Index (Adapted from 23).
oA 4l Sk (6 did 8 Sk e
Net recharge Soil permeability Rainfall slope
L) 03 gl>es L) 03 gl>es L) (ﬂoif:‘) \_;;I)LJ L) (M)J) v.:«:'
Rating Range Rating Range Rating Rainfall (mm) Rating Slope (1)
3L
10 11-13 5 i 4 >850 4 <2
High
L3 b Jaw gz
8 9-11 4 0 7 3 700-850 3 2-10
Moderately high
-L"d -
5 79 3 7 2 500-700 2 10-33
Moderate
3 5-7 2 o
Slow
1 <500 1 >33
1 3:5 1 alss
Very slow

B o S L
Slaesls 51 Ol psul Jass 3 88 el S

d.eL.:.;S\ 6[.&&;_— é)Ld} g‘}f 9 LAJJ.A)J.:.: gfy
S r20bub 3 Ol gl O Jaw g sl

g A oslanad Ol cds Slllls adkes s

5 Jo slalas Jols 0lsul lome 10l stul Jaoes
BYVCRPRPUR P I PR RGO R PR S -
Oy o Ol sdias LSE5 slge opl by tlias o
CS o Ob e ol 3,108 f.:L: ol Ogys
S o end Olpol e b 311 Laet VI

L3y Of sdns 1SC25 3l ge 5 Ol Jame 3 lew


http://www.sid.ir

Ol Ked 5 g0l 4,

G2l Y Jadr 4 ax s b5 alons il
A
o 5 o) e On 4l 4 gl
530 355 o axiS Ll e et boSllas) Ol
Sy CL.,J\JT& YPIZ IO ‘Cl...ul):_o e
slee 3L 5 ek VT e S 5 ol
LS e b O s Symge b
Sl &yl ol ey by o)
oS - C’La; alls s Oy 4 Sl 65
sazal 3150k e lacT Caaas Laed
(F)) dalS o ol il Sa )

SY Y ol oag sl sy el s
L5 3,5 eslinal Las| 5 chdalie laols
fldls s GbaaY i 5 Culhs @ ax g
ool Y dsds plas Slaas, daels SY s
WY LY LU as clase bl s 5 Al el
r;{)jfl\ 5hesliznl b oS s S 4 GIS s (glakais
A eals e aiae S @ 2L
g (St Cols ((Sgde Syl
Ol 1y Ol e 3 o3 ol oS~
WL VL S Colde e pl by s
LS o Iy Ul gzl 4 Olgl s eV
(FY)

Cola gty &Y Oyl Cesa oy
SRl dUs! ol g sbaeY il (S5
S N N P - ROV T
53 Olgal Cubs 6 p sl o e b
55 (YY) el sy (S godes colis a2 GIS
St Sols WYY sl 4o Lol
 RCEIE

w5 b Ol sl 488 b
DRASTIC Jue s sslazal 5550 glaesls oSl &

Sgo S = 2 Ol Jams (g i) &Y a5
oslizal L LbSY Sl el e Ol sins L8235
ool Ve B gsde i3, Y Jsds
53 2hosss @Sl eslinal b e 5 230
S by e S esls e ks IS4 GIS
Olpol lames a2 (glalais Sledbl opl Sbos)s
38 ghuas,
S Sl ey atn g SBs AN (S S e
Lpa ol cadgl osle (& (glodzey Vlaiil g Jab
BNV IR -5 K-S JPPE C I | P P S VR P
Gee B S Jime glgn 5 o b gla)piS ]
G Sns 5 etV fsly ajls aslsl e ¥
Jotls bsed VT a8 > 5o S s 5 (S
S oS s alnly ol S5 S s
sl 5 o 5 38 2 S e S
Lile i3, slge Olye azoa ajls 1 Lae VI
Sbt g pdd s ldl St S 3 ey 5 e
(s ibe Sl s &l slge (W Se 5 anl als
Laodo¥VT Uil LUls amss 55 5 S g pdud i
(YY) das o Gl nd e ol g &2 1,

3 S Lae g, &Y 03,50 Cesey sl
adlie 3 3440 BLLS| 5 Glodalie slacs SY
0> S Y a3l e 5ol eslanul aslllas 54
A el pa5y Y Jsdr 4 ax 5 L GIS Lo
oot g et Dk S S S
5 e Lol 358 5 oS > &S sl oLl
Jses oS Cod b bl 53 )18 e 30 Laecy VT
e e Sas Sl ol Nb e
58 S Jeily el ol St s
OV cl b5 gble cpl Oyl s

B s ) P S ns e Y ag ¢y
o oy ik s Y S8 Ol L DEM


http://www.sid.ir

AT (F) 0jboud (YE) Ao S5 g ol Clilis sla g3y 41 i

Laoals ‘5.:.41.? 9 g_,,:SJS Lﬁ‘j’ cJJJﬁ v.pl;- 4...3)
PRY C,{L@_: BEIES) A ealanad Lﬁ")J Ls_:uﬁr.ﬁ

GIS Sl 50 il g pe, LB 4 S
SLmer &6 5l ey gl S5 sk
99 P Sose 9 a1l ol A el
Sl a5 s e ol | Lsesls oS 5 s

3035 bls Jde cpl 5s Jlais ;g0 sl 51 o

(¥4 9 \REA }‘ w)fj) DRASTIC d.a#LIu Y ;}e ‘5‘.&;«:‘)‘4‘ f:[)j‘g 9 Shead -y J;J}
Table 2. The rating and weighting of effective parameters in DRASTIC Index (Adapted from 3, 11 and 29).
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Rating ~ Weight Rating Weigh
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5 I 6-12 HAns ! 5 ooy )
3 12-18 Topography 5 22 8.304 Groundwater
1 >18 1 >30.4 depth (m)
9 Dlsacle 2 9 Dlsacle 2
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8 auls auls
Sand Lazes il 8 Sand o
5 o 5 S casls gldl 3 oS slie 5L aule Oyl Lame
6 . e Aquifer
Sand, silt and clay Impact of o s ok media
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Lo
10 >82 9 -
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Gas » ) Sl Lo
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1- Water table depth

2- Effective infiltration
3- Unsaturated condition
4- Soil media

5- Topographic slope
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Table 3. Vulnerability potential ratings in DRASTIC and SINTACS Indexes (Adapted from 3 and 13).

(SINTACS ,25L5) 633> (DRASTIC ,25L5) 63 3d>s SR R RNt
Ranges (SINTACS index) Ranges (DRASTIC index) Vulnerability classification
<80 <79 Sk
Very low
80-105 80-99 o
Low
L gze
- 100-119 Febes
Moderately low
_]a'd -
105-140 120-139 >
Moderate
L3 G law g
140-186 140-159 T e
Moderately high
5L
186-210 160-179 -
High
L' . g
>210 180-199 b
Very high
- >200

Extremely high

O 51 as B ) Ciloses Y= (g SINTACS jasls 23055 —¢ Jgdes
Table 4. Weighting system in SINTACS Index (Adapted from 16).
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Water table depth (m)
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s 3 4 s 4 (b 53 fa o) 550 554
effective infiltration (mm/year)
Ll e e
4 3 4 1 5 s =
unsaturated condition
Sl
5 4 2 3 4 oA
soil media
3 4 5 5 3 S e
Aquifer characteristics
A Colda
2 5 5 5 3 Fn
Hydraulic Conductivity
‘ é - Sy
2 4 2 5 2 S s el
Topographic slope
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Table 5. The rating and weighting of Land use parameter (Adapted from 29).

I
value byl s el
4 O3 Sub parameter Parameter
Rating Weight
10 &
Garden
3 SIS
Agricultural field
. 5 JPESSWY o S8
Settlements Land use
5 e
Grassland
3 S
Forest

(YL VA 5148 5 ) Ol pull (5 pdy Sy ekia oS -1 Jpt
Table 6. Risk classification of the aquifer (Adapted from 18 and 24).

(DRASTICLU d.a;-u) 63 9=
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Table 7. The value of Random Index (Adapted from 26).
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Table 8. The results of DRASTIC index for the studied area.
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Figure 2. Vulnerability map of Sarab Plain using a) DRASTIC index b) SINTACS Index.
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Table 9. The results of SINTACS index for the studied area.
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Figure 3. Sarab Plain: a) Land use map b) Risk maping using DRASTICLU Index c¢) Risk maping using
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Table 10. Weighting of risk capacity indexes of the Sarab plain aquifer using AHP.
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Figure 4. Sarab plain: Risk maping using a) AHP-DRASTICLU Index b) AHP-SINTACSLU Index.

Vo


http://www.sid.ir

AT (F) 0jboud (YE) Ao S5 g ol Clilis sla g3y 41 i

3l Sopl 4 a5 L as el el las
Caezy 6 Sy 5 ] slie s
N oddaly 3 esliel b e wlie laasls Sl ol
o3de 53 ol Sl i3 o3l B delosil (s5ladla
5edidle 5 luie Xy adaly opl 55 dsl Vee o
Die S 5 Bl o S Xar 5 Xonin
Cosay B i3lie (Zalg 55 (YQ) des Laxls
Al S 5 Gl laeti 5l e
il Ldﬂ,\iwi slaald o s s aslis
WD (S gl Sy saliE ;s s DRASTIC
<V R, 5ty o35 AHP-DRASTICLU

Xnarm = (X - Xmin / mec - Xmin ) x 100 (V)
335 a
g |R=04024 .
_71 g b . '%
g -
; ¥
1 E ;l)gzn 4
R -
STRTL )
2% 1 3
SED W0
E] 5
2
o 0
0 10 20 30 40 50 60 70
DRASTIC asls
DRASTIC Index

S Sy 5 Sl GBS oo
adaie 53 (53,5l glac s (S5 nS wax g L
Sl cuﬂ 5 wbeed s S 5 8 5 anlllas 5550
Ol cble 5l ety svions 5 el
Oskie ol sl (T 5 YA TE ) ) ad eslizd
olm Yo s el Seilul ol i clle sl
e3gdes 53) e iy 5 g (guliS
Jlo Db ¢ byye 8 (2l s 08 e TN
Sl 5 a5 (Slmelor Comd 5o s S 4y w1 YVAY
Sl sl esly QLIS ) JK.';): Q\J;.:_,g,,lal_o
O el e esl O 5o S5 ek 5 4
Sl pie Olysa LAl 5l plus o 5o e
Ulpsa i s ol gz clle 5l Jae

JA Ls\j" (RZ) JM.':' “-"lj“a 9 ebu.?..:\ AJ.M.:U J.:x.lﬁ

b
R? = 05602

Grendwater Nitrate concentration

T T T T
30 40 50 60
AHP-DRASTICLU sz
AHP-DRASTICLU Index

T
10

6,1.39‘&.«.4_) ‘_,.a.';l.; ] A.E-.ib b “..J|ﬂ Cdid BL) CJ‘J;._J ol ‘J. DRASTIC 6!—"3‘@“."3"] u.a&‘.& ] A.Eeb a -0 JS.&

o s 53 Ol 5 ke L AHP-DRATICLU

Figure 5. a) The relationship between DRASTIC vulnerability index and Nitrate concentration for Sarab plain
b) The relationship between AHP-DRASTICLU risk capacity index and Nitrate concentration for Sarab plain.
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Abstract

Background and Objectives: The protection of the quality of groundwater is very important
considering its vast usages in agriculture, industry and as drinking water. Removing
groundwater pollution is an expensive process and needs a long time. Therefore, it is necessary
to prevent the pollution of groundwater resources using proper methods. One of the usual
methods is to investigate areas with high potentials to get polluted. The aim of this study choose
a suitable method to identify areas sensitive to pollution in Sarab plain.

Materials and Methods: Two models DRASTIC and SINTACS were used in “Sarab” plain to
evaluate the pollution of groundwater resources. First, the vulnerability maps of the aquifer
were provided for each model. To do this, the information layers of “depth of groundwater
table”, “net recharge”, “aquifer media”, “soil media”, “topography”, “the effect of vadose zone”
and “hydraulic conductivity of the aquifer” were prepared in GIS. As the next step, the land use
parameter was combined with the vulnerability maps, to prepare risk assessment maps. Also, to
consider hydrogeological condition of the studied area, AHP method was used to correctly
evaluate the weights and the ranks of the effective parameters and sub-parameters in
DRASTICLU and SINTACSLU modified models. The correlation coefficient between the
concentration of the Nitrate in groundwater and the calculated indexes for the studied area was
calculated using linear regression.

Results: Based on DRASTIC map, 82.62% of the studied area has medium vulnerability
potential. However, 14.43% and 12.94% of the area have low to medium and medium to high
vulnerability potential respectively. On the other hand, based on SINTACS maps, the
vulnerability potential in 76.48% and 23.52% of the studied area is medium to high and low
respectively. Also, according to the results of DRASTICLU index, 24.10%, 48.97% and 24.86%
of the studied area are evaluated with low, medium and high risk respectively. However, based
on SINTACSLU map, 55.35%, 40.82% of Sarab plain are located in areas with medium and
high risk respectively. Besides, according to AHP-DRASTICLU index 7.81%, 50.86%, 37.52%
and 3.74% of the studied plain are evaluated as areas with very low, low, medium and high risk
respectively. AHP-SINTACSLU index shows similar results to AHP-DRASTICLU index.
Conclusion: To be able to choose the best index to evaluate the potential of vulnerability and
risk for Sarab plain, the correlations between Nitrate concentration in groundwater on one hand
and the amount of each of the used indexes were investigated. According to the results,
DRASTIC index with R*=0.40 has the highest correlation among the investigated indexes.
However, regarding risk evaluation, AHP-DRASTICLU index has the highest correlation, with
R’=0.56. Therefore, to evaluate pollution vulnerability and risk in Sarab plain, these two
indexes are the most accurate and trustable.

Keywords: Vulnerability and risk, Sarab plain, DRASTIC, SINTACS, Analytical hierarchy
process (AHP)
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