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Table 1- Rating of parameters by using SAW method
sbre olb adgl ag, o 3 lailil 4, sbre olub adgl 4y o 3 bl a4
Criteria Classes First rate Standardized rate Criteria Classes  Firstrate Standardized rate
Sl oS ) 9 1 0-1 1 0.12
Thin alluvium
G55 hekd o)l 8 0.88 1-2 3 033
Flysch types facies
s 250 9 ssbie Sal S (o1
Li tholou Crystallized limestone 7 0.77 Fracture- 2-3 5 0.55
gy and marble density
o U9l 6 0.66 34 7 0.77
Gabbro to diorite
Sl oS 5 0.55 46 9 1
Ultrabasic rocks
0-3 8 1 0-3 8 1
anlypl (S5 3-6 7 0.87 LB Ly 3-6 7 0.87
Drainage- 6-9 5 0.62 Vegetation 6-9 5 0.62
density 9-12 3 0.37 covrage 9-12 3 037
>12 1 0.12 >12 1 0.12
i 0-5 10 1 el 1117-1500 2 0.25
Slope 5-10 8 0.8 Elevation  1500-2000 4 0.5
10-20 5 0.5 2000-2500 6 0.75
>2() 3 0.3 2500-2900 8 1
WNW,N 9 1
s R NE.SW 5 0.55
Aspect
E,SE,S 2 0.22
SAW (ig) wlw! 32 B lere Sl (23 ()59 T Joo
Table 2- Weighting of parametersusing SAW method
) ol aal ol o513 s 5 € & . LS iy ..
j e G A JR - TENF W P "‘C A L)
Criteria Lithology (;aungge— Slope Aspect Fracture-density egetation Elevation
ensity covrage
gl 0j 5 3 2 2 4 2 2
First weight
ol 3,k 459
Standardized 0.26 0.16 0.11 0.11 0.21 0.16 0.11
weight
50013 B (5 promiad ;3 |y ciliseo sls 4y 35 5 4n3l s 0y ddeabiy Jadals a8

Sl (A) 33 1) Lajlinn s 5 bajline 59y Gl Julos (S0l
4y AHPo, sio x> Sl Jog bylno 1 (o0l olaas b))l
OB mremal 09)5 & Jdo (ul 5 395050 ) 4 0358 &9
Ao ol ey 9ol ) 28k &7 (295 pa guds dmd e ol

(D) 85 o ] S8 1y altuno g 12 odlizal

Ly V- Jl 3 il bags 45 oo aludes Juboos a3

ol oL claailel 5 gl 51 LSa 5 ol 05 o0l
OLSel gy oyl a8 T ] B8uin slajlize b (615 paoncs
9 S e 8 (e Al g0 ) dlie (35 dge 3
Pl S 5 (oS Ao slajline (18,5 jlaipy Sl (pizmen



VPO oS ommai (sl 59y (5505 )0 b i sloijlas 30 (oo o3 o (b rniliy

(608000 612000 616000 620000 624000 N
(Legend) Ladaiy
(Geological units) == () b alg
s sy g syl Qal ]
River alluviume .
Glsm ] s By yasi g Q2 [
.\.'Otlg_lg terraceg and alluvial fan deposits
S e 0 ela 80 Al Ly a Q] S
=1 Old ferraces and alluvial fan deposits =
8 (ot ) i 38 S b€ s s K [0] a
© Flysch types facies with slight metamorphism (Cretaceous) “
i 423 sime SRR eges sltle Sal K]
(o5
Crystallized limestone and marble, with a low degree of
metamorphism (Cretaceous)
i g ey Sl S M| |
(Cpea A
Marl, colored sandstene, limestone and shale {Oligo-Miocene)
=] s o
g S g Ly, 48 G ] =]
© (0 453 s SV o ) @
b Gabbro to diorite intercalated by ultramaphic units &
2] {High Eocene - Oligocene lower) 2]
EVPE LR TNE S - JETRE S §) :]
Ultra-basic rocks withorigin of occanic crust
(General symhols) pa 945 gl 4l
(Stady nren) aallins 3 002 y350 ]
.. (Residential areas) A Sa 3hlia @
& (River, drainage) |y 45| &
g Jt— 2
g (Faul() =
= (Road) sl —— =
© . ~
1:70,000 :(Scale) b
0 2 4
Kilometers
\SDSDDD 612000 616000 620000 624000 J

adlo 3,90 8395w ‘:wl.\.w o) A -y JS.M:
Figure 1-Geology map of the study area
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Table 3- Pairwise comparison of criteria and Standar dized weights of AHP method

oS il ialad 0yl o0 5 selaie Sa U g5 SbSw 3,1l 39
SiP lios &S Crystallized Coypd Sy 41 3 W
Lithology Thin alluvium Flysch types limestone and Gabbroto Ultrabasic Standar dized
facies marble diorite rocks weight
Gl oS <3 1 2 3 4 5 0.42
Thin alluvium
895 el o)l 0.500 1 2 3 4 0.26
Flysch types facies
yor0 9 solsie Sal
Crystallized limestone 0.333 0.500 1 2 3 0.15
and marble
Copd b 9,”'? 0.250 0.333 0.500 1 2 0.01
Gabbro to diorite
S lacsin 0.200 0.250 0.333 0.500 1 0.06
Ultrabasic rocks
= Inconsistency rate 0.02 ¢,15;lb &
(m) gl 1117-1500 1500-2000 2000-2500 2500-2900 o bl g
Elevation (m) Standardized weight
1117-1500 2 4 6 8 0.520
1500-2000 0.500 2 4 6 0.270
2000-2500 0.250 0.500 2 4 0.130
2500-2900 0.166 0.250 0.5 2 0.070
0.01 = Inconsistency rate 5,53kt &,
() (o 0-5 5-10 10-20 >20 o 3, lbl g
Slope (%) Standardized weight
0-5 1 2 4 7 0.50
5-10 0.5 1 3 5 0.30
10-20 0.25 0.333 1 2 0.12
>20 0.142 0.2 0.5 1 0.06
0.01 = Inconsistency rate ¢ 5Ll & s
. LEs
. g LR alS i . 3,0l 039
B g cel; &l 2b; LS o B gt (9 W
(Vegetation covrage) Agriculture Garden Grassand with Grasdand Without vegetation Standardized
high vegetation with low weight
vegetation
el 1 2 4 6 8 0.47
Agriculture
& 0.5 1 2 4 6 0.26
Garden
3bj 2 Gt b e 0.25 05 1 2 4 0.14
Grassland with high vegetation
w5 2L Sidg b g 0.16 0.25 0.5 1 2 0.07
Grassland with low vegetation
e 0.125 0.16 0.25 05 1 0.04
Without vegetation
0.03 = Inconsistency rate s, 5Lt & 5
S rvfl)’ 0-1 1-2 2-3 3-4 4-6 o JJIT\;‘:M‘ 0)29
Fracture density Standardized weight
0-1 1 4 6 8 0.043
1-2 0.5 1 2 4 6 0.075
2-3 0.25 0.5 1 2 4 0.14
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34 0.166 0.25 0.5 1 0.26
4-6 0.125 0.166 0.25 0.5 1 0.47
0.01 =Inconsistency rate (¢,5;lb &5
anlyl (ST 3 6 9 12 ~12 0l D)l 39
Drainage- density Standardized weight
3 1 2 3 5 7 0.48
6 0.5 1 4 6 0.24
9 0.33 0.5 1 2 4 0.14
12 0.20 0.25 0.5 1 2 0.09
>12 0.41 0.16 0.25 0.5 1 0.05
0.01 = Inconsistency rate ¢, 55l &,
b S WNW,N NE,SW ESES o5 3,k 03
Aspect Standardized weight
W.NW,N 1 4 7 0.70
NE,SW 0.25 1 3 0.21
E.SE,S 0.14 0.33 1 0.08

0.03 =Inconsistency rate ¢,5 5Ll &,

ol o 4t 5l (5590t 4Y g Cger aalllae 390
P Ob (o98) 9 oM g2pe ) 5l e 9 48 oMl Vi) e e e
oobl g 43S lgil yo5 i Y GIS ()8l p 5 e
Dy (enins ol e St 53 i JSii dlge i Conl
oS Byl Sliguy b iblio | 45) by & 05 gaaib 09,
9 48,5 )1, 8 coiw Bile g9y v Ceolius b glaY & )go 4
by (Al ol 130390 Cow sl saiS s id

(¥ JSS) a2 o olaid] 295

sSwsds as] 43 aay
Olye an Lo JuS g laojys bl (Suigiss 5 Slaisl Jelge

295 s (Bl 9 48) lod 4 (i (e Slasnly cns LG

035 e Oy d ol gend sl (e g ol ]

2985 (slagyg) el S99 4 el n SuSd (JS 5k 40 il o

2 = el ol Bg b e Couw dew 5 Couw il o

- dgad g0 049D S5, b ladgl s %) &S L;Qfl).m s
Loy T alzel > a8 sy (oo pnno L5 v SnSes el Kiw (ol o

ot (MY) Al ety (IModl gl 5 0315 slay;
0ol 35 0,lohas Ml a8 SigiSs (sl i Lo o o Sinslis

ool cpoj slaasly g sl jd olalad dlool s 4 Wsd o
i b (o) (4900 Somb b @ o) S 9 ©f joe

@Tsmdw;up lmQT Cood] &S Wgus o0 a8 S a3 )

by Jomily Caa it sl plgie 4 g) ol 3l sl iy

A Sl jhaoY ol as cua (W) 2900 485 Jlai 5 (dejn )
OLI oio_i )I J._...ol> 4 Alao d)g—0 0dg) 0 Lglo)b.éL.o RG=as
AL Cpiored g e VO SCSE a8 LA cewad o)lgals

gl il 9 4208 ol olgn (glagpSie 5 (olidie

lojlre (o Sl @l oy sl g5 ol
SIS € 5505w lgas o155 Ao wall o135 (IS5
‘_510)‘9.51_0 )39_@ A ..\Jl) AN ERRER ‘_gu)LwJ um) AdS )l 3 ‘_;\ol)l
L A i) olgale 'OLI osoxias | Juols adllas 3,90 03gi5ca
(2lon la S wlid o) Add (o VO SIS < yub
Jde cliws S il ol (60,8 asds « Google Earth y;las
Bl VXD il b aghy (sl b ¢ i (i ob,
2 9390 ladadins Cuxdye 4y bosye GleMbl ()ouiS (o) aiids
J S bynye Sl slaaY 4 cap Slllls dilis
Al Jdog T )8 59y 93 51 oolil b g 13,5 odlitul baylie
A5 3,45 IDRISI

$99,9 slacualy

loline (o Jeilty @l (o sl (img5 ol
LS i)l (s5dgnd w)lgas o515 dmanlyl o515 BSgug5
F S an byupe SLedbl cloa)¥ g ad ad )3l > L)
Ubey 93 51 odlitl Ly g saipdi GIS oo 53 5 4 laluxo
4S5 b Gl ool (reo (glacyjg g (o8lpe Al oo sl 5
Db g o)l paitie g0 a bojlse Sl plUST 0 4 5 )

TR
5 505 9 adol (600085 (5T > Lcoge LiD d S yogls
039 50 53 .(A) 1S o L] laKiw 315 33 uojysj o oy

1- Operational Land Imager



YD (58— H3T b oylouds e wle (S g T 4 i VFFA

(F oY JSi3) tlee S8 1515 ARC GIS ()38l p Lasoms 15 o 5
b A ) Joda ol Jols 4l gy b Sl 9 02)5

4 612000 616000 620000 624000 A
( (Legend) Laia) ) )

( Lithology)es J 5!

Verylow a8 cha I:l
3 am s [17] g
g (Moderate) “...).u - %
= (High) 5 5 - a

very nighy o5 s [

(General symbols) o g5 (ol adudd

(River,drainage) s 4al _)1‘1 ——

(Road) sils ——
o . . o
§ (Residential areas) .S (3hlag 2
@
= BN J =
L] L]
' 1:65,000 : (Scale) oubita g
3 o0 1 2 4 2
\_ 612000 616000 620000 624000 J

05225 1 Ble Jemdly )l Crr Wbl adgn s5elid gy 4, Y S
Figure 2- Lithology Classification of Almaneh basin to evaluate ground water potential resource

4 612000 616000 620000 624000 )
S 3
Ll )
(Legend) J

(Study area) alla 4 pa sipiaa [ ]

(River.drainage) aal gl —
§ Ala §

I o
E (Road) 3= E
L] ]

(Lineament) >4l gbd ——

(Residential areas) J:US-M ahlia .

. W
8 =]
2 2
= =
o (=]
8| 1:65,000 : (Scale) pubia 8
alo 1 2 4 6 3
—— 1 Kilometers

\ 612000 616000 620000 624000 y,

Sloll abgs (b SnSWS A - IS

Figure 6-Fractures map of Almaneh basin



V¥4

S S i (S 559y (5305 ) b S (sl jlus 30 (Somo 3 T (b iy

Ve

3920000

3916000

3912000

612000 616000

620000 624000 3

L

(General symbols) (o= 345 (5% 4did

[Residential areas) (s (3hile @

Legend) Laial ;
(Fracture-density) (feSes aSl 5
erylow oS s [ ]
(Low) PS l:l
(Moderate) Lo, sis -
g o5 [
verrhigh)b b [

(River,drainage) 42} | ——
(Road) ,ss ——

1:65,000 : (Scale) ulia
1 2 4

3920000

3916000

3912000

6
1 Kilometers

612000 616000

620000 624000

L

Sloll A g (SiunSds oS 1,5 A - JSWo
Figure 4- Fracture density map of Almaneh basin

Ol S bl (sl (6 0)LS aiias g Google Earth ,,glas LS (i gy Y
e 948 gl adlas 3)90 0390000 (LS Jidgy Y oS oysb 4 AL oo ige o I 395 lime r BLS b
J58) 2235 ds (LS by 488 Jgir (elel p saedlo Gblio 1 o cpptaS o ISt Gblin ) (opiydeis oyt

(6 Jiel W3l iy (6003985 (50 jaiz po . ABd 00 (S9) (50D

31 onlial L sl o il 58] com S5l slaglgol LSss

4 612000 616000 620000 624000

4 I
(Legend)Laia)

(Vegetation covrage) 2 A2 o
ey Lew (S s [

(Low) o5 :l

(Moderate) Lo yia -

(High) 3 3 -

overynign) 5 b+ [

(General symbols) ot g8 b adbed

3520000

(’Riwr.!l'ninlge)ulg =
(Road) e —
Kesidential areas) o i, &

3916000

€1 1:65,000 : (Scale) Lulda g
glo 1 2 4 6 z
[ —— ; Kilometers.
. 616000 620000 624000 =

Sloll adgn ALS iniey duidi —o JSui
Figure 5- Vegetation covrage map for Almaneh basin



YD (50— 43T b oyl e wler (S5 g o 4,5 VPV e

(" 612000 616000 620000 624000
F T
(Legend) a2,
(Study area) sl & ge 24 giams D
(Road) »4& —
g (River,drainage) il pl —— §
g g
o (Residential areas) s 3blla iy =
.
o o
=] =]
=] S
© @
- -
o =]
(2] hacd
o " o
] 1:65,000 :(Scale) calida 2
2 0 1 2 4 6 2
[ — | Kilometers
. .
\_ 612000 616000 620000 624000 J
Slodl a9 rar] pl auid -1 JSW
Figure 6-Drainages map of Almaneh basin
612000 616000 620000 624000 N
™y
( (Legend) Lalal
Drainage density) & 42141 281 3
weyLow oS s [ ]
o (Low) pS | o
g (Moderate) j,.,,_,:u - %
g iz 2 [N S
(Very high) 333 A5 [
(General symbols) (o2 3o5 sl ddldd
(River,drainage) 44! : ——
(Road) ss ——
of] |Residential areas) sSos 3hla gy 1
2l J 2
3 @
= o
Ee @
g1 1:65,000 :(Scale) ubsia g
30 1 2 4 6 2
 — 1 Kilometers
612000 616000 620000 624000 J

loll asgs saalul oST1,5 Al -V JSS
Figure 7- Drainage density map of Almaneh basin



\AAA!

S S i (S 559y (5305 ) b S (sl jlus 30 (Somo 3 T (b iy

3 612000 616000 620000 624000 A
s ™
(Legend) Laial
(Slope) =k
(Low) o8 |
= (Moderate) .l:uji.n G =
8 gty o1 [ s
o~ o~
a very high +13 s [ B
General symbols) (o 345 (st Aduid
(River,drainage) aa) —
(Road) s3la —
(Residential areas) &5 dbidls @
= =]
H - S
w0
& &
o~ ™
g  1:65,000 : (Scale) oubita g
glo 1 2 4 8 2
R | (- —-— 1 Kilometers i
ke 6812000 616000 620000 624000 Y,
Sl dd g o dwids —A JSWS
Figure 8- Slopes map of Almaneh basin
4 612000 616000 620000 624000 B,
& o)
Laial y
(Elevation) £ ;)
tow) o [
(Moderate) la gis
g - 2
g amign) 5 [ g
3 (Very High) 293 5 - 3
(General symbols) = 5 & i
[Residential areas) 75w 2hids
(River.drainage) AAIJ:J —_—
(Road) s3> —
(=] (=]
= [—]
@0 0
> >
” o
o ” o
S 1:65,000 : (Scale) ukis g
all o 1 2 4 a
T I
\_ 612000 616000 620000 624000

A

0t Ol gl Jamdliy Jl5 51 ailall adgn £l 1 gy 4y -4 JSG
Figure 9- Classification of elevation for Almaneh basin



YD g0 — 43T b oyloud e wler (S5 g T 4,5 YFVY

Sl il e o) 4Y 5 05,5 ookl VYO -+ olie b
(A JSE) 03,5 4V Jgao bl

sile Sojglgen (slasnlp (S50 o 58U i 5l e Y
eing ol plie JSts 3 (LS by e85 9 by ©gd
Cesl 4 lyn laodgs plpl pf Jlod @il )05l i
A Mt M0 (o (slbodgs Nigdh oo ddlain oyl (sl
o S g Jlod 5l a5 (olosgs 5 Wb oo adlate 3)ly 08
M3 s o Jld 5 (pe slaaiels (alply diwy o adlate
5 g b ol €8l o 15 oLl leedys cua 3 (3855
Slasel candd ol uSe I 4 g Slib g i jlitel oS
loslatal b Y cpl aes (gl (YY) ol [olaid] 0gs & (g S
Aspect )9Sl Jlosl b g 15,5 ans dilaio (ol5)] (098, 2o
o g 0 4 lo 5 cud Cax Y GIS )l p 5 baze 5
JSB) 45 ad ced Caz AY ) Joir bl s sl
iy

Sadigy Al gl 9 Al glaasY 3l

53590 slajiehl 4 bgiye (Sl ot ¥ gas 5 A
059 3 Y gy 93y (bl p bl (a3 39 9 (b 45
o RS b g als o )3 5 0 pd sline o (gl 0ad asule
o] eolie Uil elncads] s b Cylys )3 o S
Cwd dy AHP (59, 5 0l (2025 (25 (g b9y 90 22 sl
el Cawdy Al (o Al g ] )8 opl (g (3 g el
V) JSi) a0 8 et dilise gblie )3 o] wlie Jausily
i

sl
coluwe IS g0 jl AHP Jao 10 oss &3l assids ol p
YEIAY g 0bj (L T Jawily () 1oy ADS Sllllas 03gd5xe
b iblie s 4 ol 31 am at8l oo 2L (ol Jpuilty Jols 00
ly doyd WY oS (LS 5 YF/AS oS FY/A8 Lawgie (ol Jemsls
ConeS dulie gl Jio 93 51 Gigly ol plonl )3 XS (00 2
Jie o as ol as asg bl odds odlitnl g5 (slaadiss
S g oolel g ke po Clib (s AHP Juo (25 auslio
O Lol ol oo Cawd 4 e o Gl plos 4y caps 4
oS Casl o D05 005 g0 31538 ) (SAW) oy it
5 9 Jalgd Sglite wi b Jio 93 opl 5l Jeols odel Cawnd 4y s
et 4 SAW i) 50 (ol i Jeusly slacyglyl colus

Ladal T asl i asy

alasly (e (dpdois b g 4l 1) QUly, Jsl (id ladal ]
9 35S e Al obj dnlpl oS15 padeja dm Bl e
dy9-0 adbaio claaalpl 03y 5 151,55 Cpani Can ol (uSall
L (i) a5 Ml (oS S glpeil 4 s adlllan
5 b zlysawl River tools I8l p 5 4o ailaio DEM ;| aslasiu!
Ao 5 Jlasl U g 053,5 Arc view Lo 3,y Y
WS15 olise &5 ool el cand 4 nanl ol (S15 el )b (oS5
85 P I @)y osSan dlasly ginoj; ol a3y Jlazl | laaal ]
O3l ) Wi (55108 15155 gl oS (bl el cl s
Ol o gia bl 4l £ S ) il oo J0y55 0 sV
e oY 5 JS) el oad 005V Jgan bl 1 el
sl a8 (603685 gimy 4l 25 dnlpl o515 iz 0

s Y
o b 1 e )lge el )3 e 2 Of by i
4 (3985 O ol (IS Sl (e cand al38l g Sl (0
bty caa Gite el o LRl cplpls 33,5 o (30
#95) Je s Y g sl 298 00 435 a3 e O
laslas VX8 + olido Ly og b, csla b jl ¢ dilate olis)|
el blE o lndal gl oolsse bokas Lolis a5 )5S ()l dut
53 odcel Cwwd 4 DEM iolyag 5l ey 9 3,5 as sl oo
s e Y3l L e 8 o e 3 At GIS Lo
YV Joo elsl g 0ad gl Sl dnslre ddlate ol

(A JS5) 40055 ag ailate s 53045

"j ool CuxBae onimd i by pdow 4 Cuns adgs glas)|

b ol i (SUL LS & aii e slaase o ol dde
5> Y3 W lelyl JI5 )3 asl cusl Cuny 3blie sl
e 2l 5 Led i) Laaldl b Cppioman A3l e Gy 90
398 (5o 5 s Lol el olie p> Jelse ol ggame o
i) & @l 3525 (ol Jewily & xS )3 5 (30) 4 O
Cowdy DEM dps 5l s &Y (pl as caa (V) 2138 o 4l
2945 ()l 4k lojl bausgs 0nd ad 098, (slo blb ] ool

1- Digital Elevation Model

2- Digital Elevation Model
3- Spatial Analyst
4- Slope



\¥vy

S S i (S 559y (5305 ) b S (sl jlus 30 (Somo 3 T (b iy

(F s 9 VY

9 V) JS5) 295 o Jolis 1) oS L 7 V/VY

9 05 LONED chwgio Yo /NE 0L VYV by s 7 - IVY

3920000

3916000

3912000

a 612000 616000 620000 624000 I
I il (Legend) Luial ; )
(Aspect) it g
(ESES) Low)s [
8 NE,SW)(NInderate)'AM,:—“ - 8
=] i 3 =]
§ (W.NW.N) (High) ., 3 - E
” General symbols) (#4545 (o 4dbdd ”
(River,drainage) m])-l _—
(Road)sila ——
[Residential areas) £ 55w bl o
- 7
g 8
=] a
(= =
= &
L -
=] . < =1
2 1:65,000 : (Scale) o+l g
S 0 1 2 4 a
—— ; -
\_ 612000 616000 620000 624000 J
Sl ddg Cund S dnids Vo JSW
Figure 10- Aspect map for Almaneh basin
' 612000 616000 620000 624000 o
(

PTG,
(Legend) Ladal 3
) o e iy
(Water resource potential)

(Very low) oS s (0.43-0.57) |

(Low) a5 (0.57-0.70) !

(Moderate) ez (0.70-0.83) -

aigh) 4 053096 [

(very High) 5 = 0561) [

(General symbols) (g2 345 sk 4l

(River,drainage) 4a) nl ——

(Road) sl ——
(Residential areas) s (354 @
(spring) *alz &
L S

il }»

6
1 Kilometers

1:65,000 : (Scale) pwlida
2 4

620000

612000 616000 624000

3920000

3916000

3912000

L

SAW g, & dilodl adgn o aulio Jauilly (guis dige dnids -V JSW
Figure 11- Water resour ce potential map for Almaneh basin using SAW method



YD (8 — H3T b oylouds e wle (S g T 4 s VFVY

" 612000 616000 620000 624000 h
i - - |
s ™
 Laialy
A ] e ey
Water resource potential
" (Very low) 2 (0.10-0.18)
s (Low) & (0.18.0.27) [:] =
§ (Moderate) & (0.27-0.35) - §
a (High) 33 (0.35-0.45) - a
(Very high) 5 A= (0.45.0.52)-
(General symbols) (o= 95 sl 4bad
(River,drainage) 4! )g-l ——
(Road)sals ——
=1 (=1
SN [Residential areas) 55w (35 @ =
e =
8 (Spring) 4es> © a
y,
(=] - =
g 1:65,000 :(Scale) wella g
2l o 1 2 4 6 B 2
| 1 Kilometers i
\ 612000 616000 620000 624000 E
AHP&,,Q&W?M,»@‘@&» Jowii Uy Gy iy dwils — VY JSUS
Figure 12- Water resour ce potential map for Almaneh basin using AHP method
addlho 3)90 e:,m Ls‘)" SAW QAHP JM leho»l.«) o bw)l -£ J9J.>
Table 4- Therelationship between indicators AHP and SAW method for the study area
AHP 9, SAW g,
&b Jamily s Lo ol @le Jamily (as Lo
IR | = buwo o luo e, Zo o “o o
353 ol o> , o - w039} > , > .
Groundwater potential Area (Km’) Area(%) Groundwater potential Area (Km’) Area (%)
index index
0-10-0.18 o5 (s 11.95 17.07 043-0.57 o5 (s 10.53 7.73
Very low Very low
0.18-0.27 oS 17.47 24.96 0.57-0.70 oS 26.65 18.65
Low Low
027-035 Lawsee 16.07 22.96 070-083 Lawsie 43.09 30.16
Medium Medium
0.35-0.44 5L; 18.85 26.94 083-0.96 31; 18.67 13.07
High High
044-0.52 5L > 5.99 8.56 0-96-1 3k (k> 1.04 0.73
Very high Very high

Ao i L)l (s g o o o Jsmily sloasss
b9y 93 5 ool il (ol plie Jousiliy L (3bolie g ladouie
uasuie GIS 1381 6 5 Extract by value I3l 5l oslawl b yeS'de
sladioe L (p95 Sloeen badada Cumdse (j09) 93 0 )3 45
s 2V 5l G gy 99 2 )0 &S 5yl & > oo L 5o
Sl aBS 5,8 VL an bagie (6dy ol b b ) daty
(0 Jgia AV 5 W) JS2)

(D G

) i o @l 4l Jomo dndaiz o ol 4 295 L

2 einy YL by 223 05 lag] cmdge 5 sizn
T Coo Gy ol Sl doidin 1 S0l s> edgde
adhio 39250 slade i Cuslgo I SAW 3 AHP (cla Jio
L bdois Cusdge 4l (Sl oo b g 43,5 odlitul adlllas 3590



S S i (S 559y (5305 ) b S (sl jlus 30 (Somo 3 T (b iy

L dowia> daxi L SAW g AHP Juo s ad b oo bLi -0 Jgus
Table 5- Therelationship between indicators of SAW and AHP method with number of springsin the study area

AHP 39, SAW sl
5525 ) ring (numb 0 )2 ! ring (numb A
Groundwater Spring (number) (%) Spring Groundwater Spring (number)  Spring (%)
potential index potential index
0.10-0.18 3 L}o 5 360 0.43-0.57 oS L;L? 5 3.69
Very low Very low
0.18-0.27 r"f ) 3.69 0.57-0.70 S 4 17.39
Low Low
0.27-0.35 Lawgie . 26.08 0.700.83 Lawgio 0 1834
Medium Medium
0.35-0.44 5\ 0 347 0.83-0.96 5L 0 1913
High High
0.44-0.52 sbj L& 3 13.04 0.96-1 545 L& 0 0
Very high Very high
e b IS alb p Jg e ol ) olie bt e g0 Jgd);w

41 s (OSIDVZ) AHP g, 55 Y Usedliy by iblio &8 o) &y
95 dny |y gy sldda i Loy (YA/VY /) SAW i,
W AHP Jao o gpusy oo dn ol & Gl a3 0 ol
2 (5 Js92) 3, SAW Jao &y cod |y (55 )l dlablons 5 g
hls ddlllas 3590 0dgate Cnlune jl doyd ONFE gy ol wlool
o dg Lol hejps ol gl 1 oYL 4 bwgie Jously
By glio oyl 5 o0lits] e 5l U olie 5395 Sl
e ol 51 s omi )3 g 032 jlome b Ol el (4
g0 03l ddg 3 29250 (laliwg; b Ol el 4y
£ 3 Llmgg ol 3 0dd 4S5 4 slaJae oS Ll I ol
Sl e ol Jamily 950 ey usl 0 3591 51 slo e
8 mas 4Sd 5 5L hate sla b, jleslitul b (dejn
Lol s SAW 4 AHP (cla Juco Uy Ln )l lis § 5,5 plosl
3 sy slaisl BB @l plon Byl ool 4 B35 auglie (Sl
O O 9 00)5] Cawd 4 ey Ol alie Jpmilly (23|

w38 bl s ol e ity (23l 55 b9,

Sl B g 03l a8 (230159 by, 3l edlisel b adllas cyl >

Il ke (sloylSo (s digg 4 oo s Julos
(Sl w515 599y e Coim (polul o gojj
S ) b a2 g )] ¢S] ()8 dadal ] oS5
255k gy 93 3 3 ol (Sladil & 4295 b 05 s 4]
= @lie Jeily (gl (Slalllas o3ga e ()6 Jloud blio
2 o @lie Jeily g 039 sbolie plaw 4o Cos (gt
Fodgiome 58 4 Cumd 35 (28 @92 5 (205 GCond
o=l gkl Jds 4 Wlgie ol g Al 51395 50 (63b5 Capenl
YL (2l Gids 9 omb eW)l 5 oml cud b (bl b 3ble
baye 2Yb (im0 Cond ol Ggdgnd & ool 5l Sere 9 AL
) coew Wil (59) o5 ebs Ly o5 il (8] Cligu 4
bl cas b onge ) Cors il 4l 58 5 00l Lide
2 39250 ladais Cuxdse jload dd)S 5 & sla o Cono
slea i gqy OT Sligren b g 13,5 ealatwl  Sllllas ddlais
L bl g adeuse dlias oo b5yl awyyp g odel Conds Jumilis
48 Ab pastie ySde (byy 93 3l Jeols dilie ol wlie Sl

&be

1-Abshirini A. 2004. Application of remote sensing and GIS techniques in identifying and tracking potential karst
groundwater resources in the anticline Pabdh- Lali. M. Sc. Thesis, Shahid Chamran University, Department of

Geology. (in persian).

2- Alaii-Talegani M., Saiidi-Kia M. 2013. The role of the Component of groundwater in the form and recharge
groundwater ,Study area: Zahab plain. Journal of Geographical Research, 914: 171-186. (in persian).

3- Amjadian M.R., Hesam M., Meftah Halgi M., Gorbani K. 2014. Prioritizing appropriate places of groundwater
quality For agricultural purposes by using SAW and TOPSIS in GIS, The first national conference on the water



YD (58— 43T b oylouds e wle (S5 g T 4 s VFVF

crisis, Isfahan, Islamic Azad University, NCWCO01 138 (in persian).

4- Bertolini M., Braglia M., Carmignani G. 2006. Application of the AHP Methodology in Making a Proposal for a
Public Work Contract. International Journal of Project Management. 24: 422-430.

5- Cheng Ru.Wu., Chin Tsai. Lin & Huang Chu. Chen. 2007. Optimal selection for Taiwanese hospitals to ensure a
competitive advantage by using the analytic hierarchy process and sensitivity analysis . Bulding and Environment,
42:1431-1444.

6- Consulting Engineers and Contractors. 2011. Instruction tracing methods in the study of karstic and hardrock
formation ,546p. ( (in persian).

7- Fathy A. 2012. Mapping of groundwater prospective zone using remote sensing and gis tecniques: Acase study frome
the Central Eastern Desert. Egypt. Journal of African Earth Sciences 70. pp. 8-17.

8- Godsipur H. 2005. Analytical Hierarchy Process AHP. Amirkabir University of Technology, Tehran Polytechnic,
Publication Center,143P. (in persian).

9- Goodchild M.F., Kemp K.K. 1992. NCGIA education activities: the core curriculum and beyond. International
Journal of Geographical Information Systems. 6(4): 30320.

10- Jafari H.,Rafii Y.,Ramazani-mehrian M.,Nasiri H. 2012. Locating disposal of municipal waste in the environment
by using AHP and SAW, Study area: Kohgiluyeh and Boyer-Ahmad province. Journal of Ecology,61:131-140.

11-Kresic N., Stevanovic Z. 2010. Groundwater hydrology of springs: Engineering, theory, management, and
sustainability. Amsterdam: Butterworth-Heinemann/Elsevier. 262p.

12- Ma J.,, Fan Z. P., Huang L. H. 1999 . “A subjective and objective integrated approach to determine attribute
weights”. European Journal of Operational Research. 112:397-404.

13- Mahgolo A., Chitsazan M., Mirzaii Y. 2011. Investigation potential groundwater in Hard roch formations using GIS
and Remote Sensing Case Study area: North Hoseinie. Geomatics conference, Tehran, National Cartographic. (in
persian).

14- Malczewski J. 1997. Propagation of errors in multicriteria location analysis: a case study. In: Fandel G, Gal T (eds)
Multiple criteria decision making, Berlin springer-verlag. 448:154-155.

15- Narendra K., Nageswara R. K., Swarna L. P. 2013. Integrating Remote Sensing and GIS for Identification of
Groundwater Prospective Zones in the Narava Basin. Visakhapatnam Region. Journal of the Geological Society of
India. 81(2): 248-260.

16- Rahimi D., zarin-mu H., Hasangolinejad-Dezfulian H .2011 . Evaluation of potential groundwater resources by
using weighted index overlay, Study area: Arsanjan plain. Journal of Geographical Research,4:17715-17733. (in
persian).

17- Rahimi D., Musavi H. 2013. Evaluation potential sources of groundwater using AHP and techniques GIS, case
study: Plain Shahrood Bastam. Journal of Geography and Planning ,44: 139-159.(in persian)

18- Ramazani Mehrian M., Molkmohammadi B., Jafari H.R., Rafii Y . 2011. Identifing potenttial siets for artifical
recharge by using multi-criteria decision-making methods and GIS. Iranian Journal of Watershed Management
Science and Engineering, 5(14): 1 (in persian).

19- Saaty T.L. 1977. A scaling method for priorities in hierarchical structures. Journal of Mathematical Psychology 15:
234-281.

20- Selvam G., Banukumar K., Srinivasan D., Selvakumar R. and Alaguraja P. 2012. Identification of ground water
potential zone in hard rock terrain [Journal]. - [s.l.] : Int. Journal of Advances in Remote Sensing and GIS. 1(1):
2277 — 9450.

21- Shamsi-Khosroshahi S. 2014. Applied GIS assessment of groundwater , Case study : Gala chay basin. M. Sc.
Thesis, Tabriz University, Department of Geography and Planning. (in persian).



Journal of Water and Soil (55,91 @alo g pole) S 9 O @y pis
Voal. 30, No. 5, Nov.-Dec. 2016, p. 1461-1477 A VESI-VEVY Lo ATFAD (50— 43T b o los e ulo>

Evaluation of Potential Groundwater Resourcesin Fractured Rocksusing AHP
and SAW Methods (Case Study: Almaneh Basin, Marivan, Iran)

A. Vaezihir? -M. Tabar mayeh
Received: 07-09-2015
Accepted: 13-02-2016

Introduction: Ground water as a dynamic and recyclable natural resource in fractured rock terrains are
characterized by single and double fracture porosity models. Due to the heterogeneous nature of the medium
hydraulic properties of these rocks are mainly controlled by fracturing and influenced by multivariate
parameters. This heterogeneity is due to various compactions , density of fractures and degree of weathering.
Therefore, regarding the importance of ground water resources in social and economic development, the study of
fractured rock aquifers especially in arid and semi-arid regions is of interest. In this paper zoning of aquifers has
been carried out according to their potential using concept of overlaying of drastic parameters on groundwater
development.

Materials and Methods. The study area is located in the southwest of Marivan city, Iran. Due to the
existence of sandstone and igneous formations and tectonic activities, fractured aquifers, was probably
developed. In this paper, Simple Additive Weighted (SAW) and Analytic Hierarchy Process (AHP) using
eigenvectors were used to find ground water resources. In order to evaluate the groundwater potential sources,
lithology, fracture density, elevation, slope, aspect, drainage density and land use parameters were considered.
For this purpose, layers of these information were provided in the IDRISI and GIS medium and then sorted and
weighted using the weighted cumulative integrate AHP and SAW methods. The index of ground water potential
sources was determined by multiplying each raster layer by its corresponding weighting factor assigned by the
AHP and SAW methods. Finally the potential groundwater zoning map was generated by cumulating the seven
individual rating and weighting maps.

Results and Discussion: According to the output map of AHP model, 56.8 percent of the total study area had

a very high water potential and this includes 94.26 percent with high potential and areas with moderate, low and

very low water potential included 22.96, 24.96 and 17.07%, respectively. Regarding to the paired comparison
AHP model, despite of direct determination of the weight of the SAW model, weight classes of each criterion
were achieved according to the preferred class of all classes to the criteria. It is normal that the results from these
two models will be different, so that according to SAW method, 0.73,13.07,30.16,18.65,7.37% of study area
included area with very high, high, moderate, low and very low groundwater potential resources, respectively.
For validation of two mentioned models (AHP and SAW models), The map of springs location were overlaid on
the map of potential sources of groundwater of these two methods and the results showed a good agreement with
the model of the position of the spring.

Conclusion: In This study the AHP and SAW models were used to finding underground water sources. The
results showed that in both methods, highly potential water resources areas were mainly located in the northwest
of the study area and the west and southwest area had higher potential water resources relative to the east part of
the study area. This could be due to low slope and elevation or may be related to the alluvial deposits which
covered upper parts of the hard rock with low thickness and this plays a main role in recharging of hard rock.

However, comparing the results of the two methods showed that AHP method has better results than the
SAW. The result of AHP map showed that the east and center part of the study area had moderate to high
groundwater potential which consist of about 50% of area.
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