(A Ol 2! ST 3 6 kel (cwiigen (Sidgls oole s pid

VPoo by . i 9 e 0 5louds o0 3190 JLuw

Al el e

ol po (39 (ribeo (Shgy 3l ool b (st jlano Sy (U3

T 2l ol owile S sy ol 5ol e S
ILGEVES FAVZN W P
AR/ Y er by &)U

US>

L ol 5 Bl 33,b 635, (5, 5l (s armn (S8 St 3] 3 (ol ol 1 e
g ol 4oy axlllas 090 00gume G jlae Gl 4 ol g daslis Wi (6,5 el sla g, 5l ool
3 delitin p B )3 g ad )l poste g Sl ala e 3 w0ad plulid (twjlasne slacSin ) Sl (St (s
als dw ool (Gl Glacian ) o ool 18 50l adg> b LT g cany sl lolis)S L
b g 3,5 (3ktal GLulid )5 Loy & S (ool il (5ol o Seun; Coonl 5 £939 Jloial g8y ol
G Sy i ates 2B plomil (i s lame oSy ) (suad ) (OWA) o0l (550 (F59 0Slee B9 5l eolic]
A Sl ogima 5 S 5 it ol 35 S 05 s 35y 25l 45 5,
oy 13 S o 55 e o e S 0388 s g 71 TV Sl b e (S il
S Sy o yiege (e el Cawddy /o0 Ll Lo 35 (LSl slals /- 0) Ll b o
1 OF Sl b s 55m 5 020Y srd 5 Eel3,5 Sy oS s 55 1532002 e 3 3
S92 e ity el iy Sy 205 S s By i -0 Sl b sg bl g, oS als

il Cussdy [+ 0F SLal b Ga5a el e [+ OV el b s (350 51>

0 d po (39 (lee (g cduas Ll Wiy (6 S paeudl (T o Sy (2L, rgulS (519
301 s OWA

- . i & e . . R e . . . \
1599 Sl Gy ¢l 0B B olRSNS (i 5 (S8 0uSiilS ()l pae owdigee 09,5« Sdg ol glaojle ab )l cwlis IS -
leilamoradi.ce@gmail.com, L.moradi@stu.qom.ac.ir

taher_rajaee@yah00.com, : Sig,uiSUl g oyl pl (B o8 olKiils ( surdigee 5 (B 00SLLlS ()] pos o 09,5 liwl - Y

trajaee@gom.ac.ir

1 Sy 2SI oy el e yeadlE 0y ¢ oDl 5T GIELELS (gt 3 (58 0ASCELS ()] pos susoiigpe 0,5 bl =

(J g 005 ¢3) .Sadeghpourhaji@gmail.com

Yaf


mailto:L.moradi@stu.qom.ac.ir
mailto:trajaee@qom.ac.ir
mailto:sadeghpourhaji@gmail.com

Yao

Ol ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

jbee (9 o 9 e dhede LS5 4

RELESR
—lod a5 gk, (WWAY () SKen 5 8 0ls))
ailyd 5l eolatul b ofgp Sin, (goas, olgie
ceslie sla by, i ploxil aas Ll wiz (6 S el
Gy s Jo slp aatls Wiz (6 S e
boaslllae cpl )0 00,5 (Byme 1) 09 oS,
85 059 (Sl ) (g9, 100,509, (pl o )8
TOPSIS g, 5l eoliwl a4 ,528 40 (55,50 Caro

RSLESRY
sl o (Mendoza & Izquierdo, 2008)
0yp>d oo bl Gl Jaw b laicl
Sewy @bal slr s, Gl 4 «alps
DA S A g aSl y wl il glaois gun e
5910k; olse 4 azg b laas 4igS (nl caSs oS
Glp ile 4zl ol o ol asldl
=) g a8 as s Jaw cpladsle o caws ol
Seazy 0 85 o sla Sy gl slagie
& (B0 Y Wil B Syl
2506 cod oS gl polie s -V daasio

Al e B als

W 0)51).3 ‘smg)h.\m

Olsicl glllis 5 (OYAA o Kan 5 j5al,15)
Copde 3%, bl gadiesl SbP
Olbbre il «z,5 aw 150,50 aslllas (50,02,
L}uLm‘).: U ‘\.\50; kS’L"JL“') ‘) Sw U)Ju EY oa)lj
Sxupeds (25 5 5 Jelse 4 DSR Jow
4 00,y Oyl 51 5L gl w@alsl 5 s S
Jelod by G i8S sl ) (55
oty Sty 55 5z g0 Lyl 5 YSWOT
53,5

~ Sy Jelod 5 5 4 OYAR e 5 5592)
oL alo e i 35,V o5 sl

3 Strengths, Weaknesses, Opportunities, Threats

ri gLalE SRl g Comez 0l Joay o554l
iy Mg,y (Slee slegeyn el g lasle 5 Lo
g jlaore p lajle g colo ool 30 5 ol ails
S sWoiyn ilise Coesl Sl 5 uz slalls
Sllee 5o o2 05l slaSins ) gl (55lwan wiile
Slbl Lo 5 g)ls 0,00 Al pe )0 w0 5 cSle
29,09, 3l JB Sl w2y Gen sl anil o 09>
Gy Sl S5 baogg s ol 5l Lol oSy, b
Sy byl g Sy pl blis jo o oalal
— 2 5ol sl 6l baw (ERA)Y Y s j e
5l 8 A (G laone Sta; ()l sl
ez Jdot g gy podle o 30 5 009 S,
S ylae 1Bl cSld Gad S, il
5 Al Canjlasme ol e Sl Cov dilate
s oadhte chjlae P slagh;)l s
a8 S 5l o ddlaie Sty (2b)l g Jelod g oo
(Heller, 2006) s4.5

2 aatll Wi S meeal gla by, 5l eslinl
Al plnil Ceb ww (Jaometun ) S (b))
Ol 5l Sn ans Sl g meme S e
g oan3S Gonas; by oad a5l slasgene
Sl oS, 5l S e 0 Slee (S (s
g Sy e Copde 4z (o S e
2 yslise ol b Sy S5 cnslio g, ol

Soby, 5l rSoe able o Slaol 2 (5)s,e
Slaojgn wasee Gl aasll Wiz (6 S e
oty jl eolatul b Sy (2b5)! B s oL
el 0als ploul daslis wiz (605 poouai
owogw 9 oliaa o (Dongjian et al.,, 2005)
2 b 4 slallis ;o ICOLD) "aVls il oS
25,5 o Ll ol sloojle 5 oo el b5, 9590
S iyl gl 0 See ey ST, AHP ()
e 9 L0390 (Feal )3 Fge Jaloe 4 lal )3 s S

1 Environmental Risk Assessment
2 International Commission on Large Dam



Oleeces gldlas ;o (Y0 ) Ken 5 son>))
Kaow cole o Jhoecan; gbass o) »
s ok |y o (et BT 5 yjlas (55 o
Ol 5o o aecen; il 4 e
Cole g SIS als cge Ll e aSl
Sl Caz 5l slaghs; Gl o
ot @) oo jlesliinl ol SN J 55575
S slad g baa leslitul 5 (s slase
0,8 olgrion ) Sy laas i elas )|
Sy lnl sl OVA7 GSea 5 oulole)
Lol pls s 5o @ly ofil s amecen
30 03 Sl 5 oy g o deliceny, sl eolaal
Sl S, oaiSolnl Jelse e
1 ol s ol oy 36 5 Sloiilo 36 claclles
S s elge (b 5l plaS e (gl g w5 olulis
Lo wo)S hym g58y Jleiol 5 Sud ol
Sz )5 Sygo (B35 98] s, 5 ool
TOPSIS, HAW s, 4w 5l locSas, (saizaslsl
Nz G el by, s 5l ELECTRE,
38,5 oolarwl aazli

~cos slallis ,o (Ghorbanalipour et al., 2018)
obwdl cdilag Olhls cu o Jow LY laie
1 039 (shol @lylaz latl & g5luan slaossn sl n
~ Pl e 33,5 atiie dalidis G5l
@lobd ) Sl on 5 bl Gln @55l sl
e (S el Joo SaS 4 S50 g wis S
3 Sl Sy slo )56 Fretes sln 1
50,8 DBl (g5 dmnlie sk 509, s 039
Slyehl w3 3szge San; (Dbl Hokateds
GonCaglsl 5 (lolid o9 i Jolpe 0 S
Jolge atws ez )0 degome ) V7 (rizren g Wud
(Sloy 9 et (asme — (3 (SLudl Jelge 5l
5 b)) DEMATEL-ANP s, 5l eolizal L g
AL (G,

Slgecos sldlis o (Panahi et al., 2019)

Ol 2! ST 3 6 kel (cwiigen (Sidgls oole s pid

VPoo by . i 9 e 0 5louds o0 3190 JLuw

aarlisiy GpSmeal slaghy, 5l eslanal L
a4 AHP 5 TOPSIS g, JJB o lawl ozl
) St Jolse (si2sls) EXCEL i35 S5
gyl slagFlial aalsl jo g wols plox]
TOPSIS () 99 gl (e (2)15 &8 sl e Jelse
P9 ey (Slee 9)) plésl sla g, IAHP

30,5 oolaul (WS gy 9l
Olseces gldlie o (WWAY ()| Kan 5 o209,9)
Obj> Ggdwe S (harmelun ) Sy (2L,
Seany Jolse oncaglsl sln « Sleisla al> e o
Sy ) sl in,S oolizal (s s, Sl
oo 3BT g, 51 oobiiasl b 1o 58 e s Lass

G § 99 a1 o0 GoSen; PHA oz
Y 259 00l ggaze g TOPSIS (sla g, 5l oolawl b
L85 O yg0 g3l (SAW)

aw olles slocsius, (Samaras et al., 2014)
AL e g W0 lulid I silean ol n
a9 paedae |y Wog e &5 1) Sea; 2 O 5
ELECTRE 3 AHP sla o, L 1, (s5laas 035,
@S dlio 4 Soles 50 5 Wo S Ganas; 5 b))
Ao g 99

L)l 5 e sk (VAT (e 5 (LLs)
heol (glasslo al>pe )3 (i 95500 S S
Lulys e bgype Slodbl (o) 5 s pslaez 51 o
Jse 5| i) 0d gy i Sy
1y 9 233,5 g Al py g0ty S ) Jlo>|
Jolos pmasie (29,5 Lzl o dap)] Como ()
9 Comylaezme b lad o slaaids; o wslul 5 I3
loaol iy Jodos jalaieds .asols 18w ol es
el Sl ailaie 10 09290 slaSinn; g odel Consa
5 4550 5l e 00, eolaiul ool (gl o SO
y9kieas TOPSIS g, 5l oo eols &lliel Judoes
59,5 oolaiwl ool Glolis slacSiuy ) (saiucaolsl
Sy 2Ll W RAM-D g, 5l oolasal b s

By ey 04,09 w

1 Simple Additive Weighting

a5



rav

Ol ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

RPN olis olal s o0 ololids (glacSi ) (sins
as ol Llzs RPN polie avolie 5 S0l o4,
Coglgl ;o RPN125 L 0g,Vb ailssy, Sogll s
13 o ololid aome Slhs ol egdle olo 13
bl oyl gy 3l eslil b (6505 Al e
Gh9y 5w alelid (Fogll liee 5 Jlazml mas
S S e sl s, 5 s Slyiess VIKOR
Gl ohls gancadsl 5 b)) slp oslne
2 Ll (st sl
BB i e ddoa jlee 5l gl o
b 5 580 Oledlbol 4y o s pae consy | SELS]
Solre ohusas byl 51 (S p 38> 2Lyl poe g
DS 0 Dyge Sy $LAS 53 (S el (A
Srh S Ol 3l Sl 2l Sl e cnl o
P9y eolel JB& el S el (652 5 S
oyé 3 TOPSIS, AHP, ANP, VIKOR : o ol
— ezl (28,5 s a4y ol e g, (ol oS el (]
S el S5 Sy 5 SRS 9 03 sl
Yok 5 odumy Slewle Loar (imen 9w
drog Vb Sy olaws b Glidizs gl wijls o
S Olgreas VOWA g, Giaghy (ol 5o i sod
G s Skl o (6t (sla s,
el 1) S peeal (223 Gla bl g el
GRS e LUl gy nl w0 S (B
anld 0 1) pS real 60,5 S 5 S S
L clipaeas canl JoB g 0og o (6 15 ouoal
61 oS e (32,5 Sy b (63038 (olosl
sl o G jlae SlaSiun ) pol> B )
Sengjlarze (A5 a0 Iz ok Sl al> e 5
Cojlzme g (Sjglen Cemlme (S5
Soloposte d>ye 139 (Simd g elaix (golasl
390 (Sidem 9 (S Cemjlae ISu g0y
Silia ) 3 95l b g o455,5 13 5
oSy, ganad, OWA) oud iy i

2 Ordered weighted averaging Method

P ok wx pSeeal slaghy, op,5»
skS:LuL».MJ )5.'4.\.444 LSl 4.1.‘>).A o C}MJL‘
5B 50 Zaml 2SS as Sy 2Ll 9 ganail
ool e 0,8 eolanul TOPSIS (g, 5l Sleislo
5 99750 @25 G415 Shwe Wil luly legsy
g0, oluls |, S,y Jolge 8 5 b aslas
b Dol Slaog ) 0 S, VF Coles 5o
(@l 9 (b (il g el (Slbes
et oo yd g claixlgolaidl 5 Sojelsm
3,8

Slyeces sldlis o (Sumanta et al., 2019)
sleslainl b ais jo il v gladl S, b3,
9 TOPSIS o)lrs Wiz 6;[""‘“‘” sl o,
Conly s Sl S, 20U, 4 «WASPAS
Gy 5o logels Aoy, slaal jo Cexil s aSls
Jbo 5o da a2 9 (o S0 U slejgas
) {UUWIY JUEL JRVE IS L G BPESU T JUP IV B TAR
G oopt 5 Gp My (smie 5 opd ol el
‘5)‘&9.“:) J.Jo:u Q?"S‘ Lol .ol ol (5)“))"")'&’
Ls‘)) LSJ-M-QA ‘UT a)..\>b M.ﬁj.lo L)M.le 9 & w
dw Sl Sy byl epl ol el ouls L3I LI
aus 4 lanl o cwl Joe5 gl Cusal )l
o asliiin 3l eolaiwl b oo Sludl S,
es &8, Gl el ool oA, WASPAS
oslitinl a3 (nSles plesl (g 51 (29, 99 S O
Olpeds Comer ol 43S Colys jo .l ond
A gl Sy (9 S las

Slgecos gllis o (Darvishi et al., 2019)
Sl Jb e sl gl S, 2,0
asJlla) EFMEA § VIKOR (sla g, 5l oolazal b
ui;s) )‘ oolazw! l; |J~.~" « (U‘)"‘ ‘ég)yb A (69,90

1 weighted aggregated sum product assessment



Olnl & 9 &Hlal (owiipe Ayl (oole 4 2l
VPoo by . i 9 e 0 5louds o0 3190 JLuw

YaA

dwles a5l [0 CaSoyie VY. ladam) o iSTos
L 6‘°)")§"""’ Sow ‘C).’a ‘51..4‘ dl.ibo)’L..u RGO BPR W
0y d o ol Bua o) oo yie YA 050 gl
ol 5 ESa 0 ¢ v v sgas o sl cpsls 5 O]
Sy g Sl 5 (e slaaSed by o
ATARIS CPRPE W Py W S INV-Y 1 g
gl 52 ¥V ST Ly 8y 5 canSoyie (el
dlo 0 Slgw, > FEI PR (SR L,o
Sy5ln woSayie (ks Vo 350 3R 4 6359
Gk 3l $99)s Loy e laie () Seal o
Oy 050 px> b bl 5l as (Conl bb ailso,
V g ile, go by a5 5YL e YYD a4 |
S s G Camdse VS 5 (8 Slasie

A o slad 1y 5l

el 00l plol 5l s gy jlanss

o g 9 olge
lll 5,50 dilii 350

S955 5l S (2Bl Coxdse L
i) 5555 ety B 5l ey 5 b a0,
Be s bl B i s eskS ¥O s ()
TP alols s 5 il oy s eskS
G VY 5 e V5 3 18 By Jlah 5 sk
b Jsb 4ids FA 5 o OY 5 Jlod o
£9 3 sl Sie v el odd s g ol
O Bzl s g 0392 (o) At L (glo i
wigild Jols o> slaojle 5 o Sl Cys
b Dl il snceis 5 Sl gla kg
IR PRRCH SR W P

o (28 wlasin () Jous

) 4 b lo Ko
yo YA

Lo gl 51 5VL e Yo

by gl 51 5YL e VY
e AYA
o VY
S TO-

S e gekee VO

&y fuaghS O

A £
e s glas )|
‘r’] Jbes psd)
o zl sl
S gl Jsb
cb e
ENE
O JS e
Jles ps8y 5o Oy IS haw




44

Ol 9T 5 Gkl (owiign (Adg sy ook 4 i
VFoo gbimeoy . s 9 Jo 0 5lods o0 JLw

g

sl e

P Ade> adids

A S Sl aky

— ) S 29X
SELE)I 515 boglos

—— Ol sl 5 50

— Ll Ji5T

o 4315395

e JULs 9 4T

o duw gike

£5 33T audss

£ Sl Gla oy, SanT sy

D 3w 30T audya

i S i T I
AR hm emitin

[z spose Besion  mrme

o~ ]

We e
MIEN ALNORS 48 b W)

e e
e | PR,

Sl (S35 v (SIS CaxBgo (V) S5
W ﬁl.?d‘ﬁ)’ Troa e ¥ JS 5o oads oalolis oo ey }H‘Mw.)‘.]aﬂm s, ‘S'L,.)’)I .\.._J)s

sl glolis
ol s s e ~~

JLQ.O‘B&MAJ)A_JM‘AS—MH) —

‘S**%) 8953

@ 23kl g dolidn ) ans
Olwlis )5 lawgs b azls

o aslis ()59 dmloe

Lingo ,l38ls 5 5 eolaiul

sl ) Ganadll
Oy 5 ool b ot jlarse >
OWA

Sy S22l g ,ISal, ol

3l (i o (oS y (351 9T 3 logas (1) S

Cajlaone (idu aw jo 5l s g jlaoce
Comjlame 5 (Sofslen Cawjlame (058
5é)05u>Lm4.1>).A)0(;*®)53L5£L¢3.>‘s6QL4J‘
a>po 0 (Siddem 9 (Sopd Cemlae i
)O AW ‘siL.uL.w Lngbs_ima) W) u’al.wl.;w: 6)‘°)'5°)'ed
Y dngk)o%'ﬁgd)‘dﬁoﬁgCA}Lw d.l?-).c

ol 00 Y

s yluo (s Sws ) ( Lull

Gahon Slasl p (5y90 9wy (o) 3l

b ihoe SIS oL, Sladlas 1 eslail
» izl Sy, coyn Gz g 5yl
okt 4y Caizmen .0 ploxl (6 loin alie (slooss
el glilaie 0T 8,8 4wl Sledbl g j5Taex

slSas; i e Wb ale hassl



2

oL 5l e

Olnl & 9 &Hlal (owiipe Ayl (oole 4 2l
VPoo by . i 9 e 0 5louds o0 3190 JLuw

Sleais b 51 50 5l v (o j S ) 1Y) Jou

et Sy,
(Ko b
bool> Sl )b oljel -Az
GoagkiS 2l (8, il A2
wollasl jlusleie olx! -Azs
LolS,1S" ;0 zilgws 59,0 ~A24
e e oSl olal> -Azs

‘_g)_imo)f).v )...ll.a -Azs

shemean s Gl
(5890 S s larmmo)

S 03gue 4 K o 55 -ALR
by Gliee RalS -Aus

5 OB Alsl g &Y o 55 -Arg
obltny

bailsog, 545 galsz 28, o) -As
Oldle oo 5 S 0 -Als

w3l LS adsl Sladg uals -Arr
Lailsog; gnl slosil> 5 5l LS
(OB%5 o) Olgilr & 2les -Als
(o) olfin; o, ood b als -Agg
(SlwnsS 5 (Sbo

shemetan s sl
(ST RUEAIEDY)

SloygslS g bacygs] cdale ioljsl -Ar
laailssy, o

ladilsog, Of (5,90 Lial38l -A2

S o il b wais -As
laailsog, lae ,b g 0, O3S iali8l -Ag
balssg, Yo als -As
bailesg, o &yeas i3l -Ae
Laslog, g, ialj8l -A7

St 505 cile il -Ag

(Sl el) T (Fogll L2l -Ag
[EYHESKPH

Syo Sodl Lilisl -Aro

lsa clooany VT clale iyl58l -Any

610330 502 3B 50 5yl v ruzo o § GBS 5 (V) Jour

g;“-*-"‘-"w-‘-’) 6L°‘S*“i)
(3090 S jlanmo)

o 589 A3

554 e -Pua

Il (glapiuwsST oll -Aus

N (550 soaisT 5 531 sl plalS glozzl -Ats
(Sl JUS) T sl clocSl glgil il -Ar7
Gl (S35 a) GgenlSidy 5l -Aus

el 59 515 Samexr Al At

Ol g L) g 535S Cgr cawlin azwe Slul -A2o

(2f silala, pas &y00 50) Ghpl Sl wags -Az

S5 iy 5 5y o Sl A2

u‘]‘"”"’""““‘) 6[.:5\_{..._1)
(K33 S jlarome)

i o i Ol maw el YL -As
S ol es -A2

S Sy 50 el Gl il 5 SKad gaze Az
Sas HyPe 50 (gdie dlge 5 gusy gz ~Ad
sl S5 e ) sanaY -As

syl G s oWl a3l -Ae

laailsog, (Fogll )b Galiél -Ar

S5,hl ailsog; Vhoss als -As
oy slaol g S (Sogll -Ag

Syo Sl -Aro

S o 00,28 -A1r

S o loe; -Ar2

A poiliel Cuz sy b piladst S e
23lel 4 a8 Slolis S coul [S3ay o3Y L S
asbol o sl sl cad Slols S,
Ot el Slanzms (65555 S jane gl oKl
orzed 9 ohaiile ladhie O eS8 glis
Jlre oy wad Olge 5,5 jgline uwdige

Coopl 9 €989 Jlosior! oS ) Gl (s
ol yadleo (L jluo GBS

u.ul.....a‘).s W) @LM}LA—MJ C;‘l.@u_i...u) 4.19).0 UJ‘ PLd
Sl Ve Skl o aslityy Ojpe 4 S
‘_;l)b § S dog> b sl PRUWWENEIE QL.:L;.&)U



f

Ol ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

.MQLSA

BUESPORGII, GU -3 DN - 2 NPT IR P XS S0y
ol 1) oS (aojlinel b ¥ o ol aid S

sl 4y (20 bl b :(F) o

\ Y A

©5 sl oS g

P oo sl 256 Glime
% q Sl

Ol Sl o8 OWA 55, im0 18 045
9 o208 Jlaine 1y ol 3l (65 S S ) 9 S,

S5 ol oS Jlesl a5 ganas, o 1) o
A By VA L o Yager lawg Leydsl
ous 45| OWA =55 &lp ol sl Joe S
e (Ko a8l (o0 305 5 Jlons T Joko 90 a5
-0 VA JLs ;o Ohagan Jow 5,55 3 5L Lo
sl S cads 0 OWA o n Slee

S5 LSL‘%SOS)S o] LS‘Jf S cwl R 4R 6[..;':5
Dgod (339 000 So s 9 998 o Jlos! e
u.»‘ Fac 1o as 6)5"4‘“. ‘.\..ubGa W=[W1,W2,...,Wn]
9 ! Z?=1 Wi=1 9 é)‘é )‘)5 [0,1] o)’l.g ) )‘0).3

p.,)lou.»..m

FW (xl,...,xZ) =Z?=1 Wlbl ,XEIn o)

LY) 609:..0 AW u.:J.a A.CM S)).: )L).n.a LJ"‘A" ‘bi
oy ly cwl X=[x1,x2,...,x0] acgezs  Jg3
1) Oyged S hed ax s WE[wlw2,...,wn]

D9 g0 By

orness(W) = a = ﬁ it (n —w; M

0<ax<l1
slog,g il yiiss OMNESS lade 4>,
Ol (rlple cls winles i (39 )5
Orzred Og WlsS i pSeeal (6 pdiSew,
55 e odimolis < /0 51 i, ormess lade
5 S preal 0ai3LaS IO b ply pdy S,
RSy pSeeal oaadlis +/0 5l S8

Jez! S,y Gad ol aw 4 205kl 0gou
) sy S s Ol &5 Sy ot -l
el 00 s ALY 51, bl pols Jlaloe
IRV o I EICU PP S ORI W o A R v
4 oG] saimslis a5 Sy £485 Jloixl —o
el (pre (Gloj 0)90 G 0 sl Sy sy £95
Vooae dS ouds gaindz 0 A Yl o S bl
RETINC YAL SNV TSNS g SR
L:,;u &MLM.»} o.).;.moQL&.; aS g_i....;') CA:.@‘ -z
oboly wlloe San)y o392 Az g JB 5 oxindy
LSl ) sue aS euds gaaz,e ALY 5l o S
el Cmad] g i SLis A s0e g Comadl (9 yieS
Sl gl e ls elwl b Sy pla 2oLl 4
Lo jo bdliiw n adS colyd jo olulils )5
- oSl 5 a8 S 18 Ll 550 Excel liSle
SSee ly 2Pl aw ol 1 e (puaie
Sontodgl jelateds il el Cundy oS,
Wz SpSpeedl byl Sl GlaSia,
ol o0 oola! OWA o)L..uo

OWA b9,

S9sx pdy Sy o3l (6 15 poual dle 22
Soop RS, ol g anF S gt oly
Sl S 13T g 0 o auSTb 435 S5 0y oy



o iions y3 uekns s i
S slo il el S, ol 4 om0 3liel g
Lo loasliiin,y alS ol o qylalis IS
- Sl g a8)S L8 Ll o)00 Excel li8le
Jols mls ol oy ool odal e LSy
S, V8 ol 45 0 Jgaz o el alo o,
Jold a5 7 Jouzr 55 (50 00 Al ye 55 5 wBbos
Arcadle by ;s loie @ s9ge slacSn,
c\l:-).o e Ax b A 9 It W 41>J.o o Ax U

Sl 00 M;)Ja.a)o d)bﬁ";?d

Ol 2! ST 3 6 kel (cwiigen (Sidgls oole s pid

VPoo by . i 9 e 0 5louds o0 3190 JLuw

sloles W (59 slajloy (nidgme il
L ol a8 s 55ike 5 penies qponaSle
ooyl g 0ol iules Wa g We W
orness(W*)=1 31
W'=(1,0,...,0) !l Fw=(X)=max[3] o1
ol plo Fw, (X)=min [3] o1 orness(W+)=0 51
W-=(0,0,...,1)
ol FWA(X)=2 S xi oIS orness(Wa)=3 1
(153555 5eSes) WaR(2. 2 .2

oy slagy Gt Sax gounie la o
o3l sluny piime lowgs W=[Wi,Wa,...,Wi]
A0 Slogrie by g W (39 )l p alides sla SasS1y
Jlo yo o Blagl Jow 4 bxi] jo sloads 3,0 alins
w8 0 298] eerSle Joo ol 4 a5 VAL
Ll oals axSls

Jo il Gae a5 el s e o G Joe oyl
il o W Galisee pyolie (glilay LW arules o]
b Sy S sl polie cal oS

Max HW) = =YL, WInW; )
s.t.orness(W) = {‘zlz—__iwi =«
0<a<1

71-1:1 w; = 1,W,: € [0,1], i = (1,2, ...,Tl)

FoSis Cudgasme 90 g Bar b S 5l o ol
o wlelpy a8 cwl ol jo Joe Coje el ool
039 O oobely g ool 15 o G 0di S e
ool B y20 0<0<0.5) 03,51 Cwos | b ozl
B 003 1S el B30 0=0.5 (5 S S 083 .S
(Gl S, 00555 el 3,00 0.5<0<1
P e 8l el S eeeal 2 pelalyy G
S ]



For

o2l ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

Sl alo 5o 50 Baolidow ) Julod' (o lod b6 :(8) Jgur

b asls a5 b asls a5

Coos] Jlozs| s Copost| Jlos s

O/A oI o Au oY F1N /50 A
20 oISy OV Ass fIVE f/5 YISy A
10 O/fY /2 Ass \Ad O/AY FIVO As
£10 £10) v/a¥ Ay /3 STy o As
IO o/fY 0 Asg /30 £IY0 1) As
o/fY o/ YA A OIfY SINY \ Ac
70 £10) AR Az BIvO STy OIfY A7
B/as OIfY O/AY Az ol SIYY o As
FINY oI6Y DIV Az Y8 ¥/ YAY Ao
Iy o O/fY Az o BIVY O/fY Ao
y 78 OISy Az fIVE oY YIAN Au
YIvE £10 #10 Azs iy Y/fY /e Ar
0 IOy o Az \Ad FIAY /) Ais

S10 20 5t 3B 53 Laolidiw y Judoni' (b @l :(F) Jgur
loasLs loas, 5 lo ol a5

Caros] Jlozs s Carot] Jlozs RV

o OITD ) Ar FIVY OIFY oY AL

OIA Yiov F/af Az OIVY fIYY ¥Io A

y IV £10 A oN f/5 £\ As
OIFY /2 £/3) Ats OIAY oIFY o Aq
\fAig fIvs Y Ass 10 OIfY 10 As
£10 FIAY ¥I00 Ay SIAY FIYO £V As
£IVA FIEF O/AN A A IV /8 Az
FIAY vIsD YV Ato /ey ov'e OIfY As
o fIFF fIvs Az #I0f fIFF FIAY Ao
V/00 FIY0 70 Az oY FIAY o Ao
O/ A7A%! YA A2 YA A £/ JAVE]

a5yl 0 (2,5 Sy 9 o S el B y20)
:OWA (g, gl

J> Lingo ,l581s 5 51 ool b 398 Jow .ol 00
50 k8 050 Jaw laml a5 & e cpl 4l oals
L ndySay ool 5 0b gy LINGO l53le 5
03ls Juo &y 0 aliSie p3lie S el (S )T S
ol Cawots Wi caliee polie o] bl g o
@955 oSl Joo Gobolyy ool cessay slagy

R W B G PR

ool )5 S elalyy adgl read ma 5le

Cwdds 00 Yo 3 omoual pu yilo e 0l 0T
039 o] periSle Joo 5l osliial b g el
~ Sy 5536 a2 8l el Gy b a3 L
@l G0l Gosn S el RS Sy 5 S
S oS s yae) 0305 polie (asls
0<0.5 5 (5 S pmeal Byae) 0505 (pdy



2

NS TEaras

Olnl & 9 &Hlal (owiipe Ayl (oole 4 2l
VPoo by . i 9 e 0 5louds o0 3190 JLuw

Lingo ,l381e 5 31 oolil b (52,9561 mog 35l Joo (bl 3 L aslis ¢339 1(V) Jgu

Sy ool
(Ws)
N0F
YT

< IFAY

<IYay
J¥TY
SYYE

N RRLIRWS o PR PO
(Wh)
- 100F - IV RS,
S PYY - 10 e
«[+AY <1y 35S S

Gyl S eeeal e elelp wezge (slaan S

oAl S pe Jo3 A (39mo O jgods AL S rexd
s a8 S 18 coglgl jo iy (b3, b sleai 35

ol 00 43‘)| Q 9 A J5-\> BLRTSSSLEvS) LS.’.LQ)

oeile polie b Tl Wi jlade apulons 51 Gy
95 A $5ro Dygod aniS o gl oad Yl s
093yl B oads o Wi jolie ;0 (s 00l iy
Gouad, shatea ._\_,T Cowdds 405 8 esS

il Ay 55 (529551 s 3o Jio (olusl gy (28 L 1(A) Jgor

0=0.7
Ay

Az
AL
Aus
As
Az
Aag
Au
As
Az
Az
Aur
Ay

0=0.5
As

A
Az
AL
As
A
Az
Au
As
Auz
Au7
Az
Ag

RS S,
0=0.2

As
A2

o,

V¥
'O
\&
\Y
YA
k!
Y.
AR
Yy
Yy
vf
Yo
Y&

ANS = 25 S 3,
a=0.7 a=0.5 a=0.2
A A A1 \
Az Az Azs Y
Az Az Az Y
Az Az A ¥
Az Az A2 b
Ais As Ais 4
Az Ais Az \
A4 Ax Az A
Ar Ar Az Q
Aas A Az \.
Ao Auo Ais "
As Aus Aug \Y
As As Ao VY

FoF



Ol ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

fed

619320yt Ao 50 58 (529551 oy 3o Joko ol (siaad ) (2l s 1 (1) Joua

phSs, = PSS, @, RS, = RS S, @,
a=0.7 a=0.5 0=0.2 o=0.7 a=0.5 a=0.2
Ais Ass A1z \Y As As As \
Az Az Az VY A An As Y
Ao A As \f An Aug A1 Y
Az As Az VO As Aq A f
Ais Ao Ass \§ A As A7 I
A Az Az \Y A1 AL A 4
Az PaVE] Ao YA A As An v
Aur A Axg \4 As Aus Ay A
Ais A7 Az Y- A7 A7 As i
A Az An Y A2 A1z Ais \e
Axg An Aus Yy Ao Ao Ag AR
Jsoz b ol cdllas g A Jgaz 50 ool casoay glis OWA 15, sl dgpin gl 51 a5 jsbylen
2 ol s jle GlacSs) on et ¥ 35 A ) s el (08 Slogad cul 0B
Ot Vo iz 0 ol asie cSle dls e —Ay o b g Gms 00 pS el 58 el
cole al>pe )3 55l e sl oS, Oliee 0 ol 1sd b (iren a0 plnil sy
el oy il S od S el (§5)5 Sy b g 3y

—AS, Aol (0w oo Lo 4y Dglte slayig 9 00,5

Sl alo o 50 5yl o (S jlanzxo (GBS 5 (3 oo (10) Jgur

e G0 RS, e )l 2SS 4,

SRYA A 00gde 4o i g 5 <[+ fA Ao 03gdzme [ K g B \

0. S e S e plralr .- ¥V e GiFe Sl plral- Y

-5 LaolS 15,3 golyes 3950 - Y WolS 15" 5 ilges 5550 ¥

[+ F0 SoolaS Ll 18y ol -+ fY loails-og, Gleo Hb g 50, O3 auli8l F

AR GBSy RS A 65,05 (L3l (85 o) o
S o (SlacSius ) Oy piage VY Jgd [0 0 58 Jguz 50 edel Cawots bt Lulwlp uisen
sl 00l &1l (610 0 w0 e 1o 0 5l SSas, pytege Vo Jgax Lol calhe

sl (6,0 0 o Al e 4o 5l o s e



Ol 2! ST 3 6 kel (cwiigen (Sidgls oole s pid

VPoo by . i 9 e 0 5louds o0 3190 JLuw

G100 52 Al po 30§yl o (S jlauzme (SLSun y (y3 oo (V) 9o

S )] Rl S,
A S o ()l ey
0P 25900 phinl Sl s (G5 s
(<] sslols, pas
<[+ OF sl S5 ww ol W3l

S )] 2SS, ad,
a S e Sl gy )
AN 39,hk wilsog, oYhoss als Y

<[+ ¥4 (SRR ‘_ngo).é...a u.:]a.!a...nu..u] Yb Y

fOFY laalssg, Sosll b il ¥

S 3P 3 (e Blge g Doy geS

5,1 oy Al 5o

A oy (nl e (3e ()l e
Az, g Cel O coaS Jad Ol ele
3 0gd ge dlml o ol Ol ax 0 Ol s
Sed oo gy onuay sl cely a5 Jelge alox
L 29,9 ol los B (O (909 Baas i el
S92 g0 el b (689,9 Ml lale S (550 ol
ibise s9 398 Ol g 3P 40

O WSy Sl a5 Bl ey i 053 (e
Glaay (s bazme ad Gsb e g 4zl o Ol sl
o g O9bioe Slml iie 3 (el
oo 316 9wl Zlasl slul izl yo poe> ol
03guze ;3 Siw g S slrody bgaw s o
055 e ezl s

oeals g Ll ailsag,  oYhogs  als
sy &be olowl 3lis aS 0g Ll ails0g, oYLog>

oS Slllas dged wiz b ol 3aass wslsl o
ohs (b s ytier bl IS W) g 9090 L
A lie wiloads (S8 wladod diciog Jad ;o 9 05yl
LS‘b))‘» (_ngLa.o o YYAA JLM: o )9.01)[5 Sl o
anlllas (6350l oo 3,809, b s (6 pdy ]
S98s0 3ly S 4y aST SHble 4y €7 5 dw 163 )90
—lze o600 0 g Sl 090 Job o b
ool oals aiS sy aiiS oo 0)lg 093 Slbl s
o gladlie o WYYl o oLKes g 555>

Sy S ) (n e Sl e aalol o
Soldpope g SSle al e g3 50 5l asee
el 0t &l

el al>

i e e adpne > i
o 8,5 o] e s s ol (s3baosl
el Gladle oldee 5 6251 )l
odgome Rz e (mw g Gl e
g oo dww Sl

S Sl Slles o 0350 WL olal>
sl s b aee 38, O e el Gime
oS Le 5l (oan I 005 oo labing; (215 5 (S95me
Lo s a2 Oy lgs 5 Ly ) S5 500 baliws) )
g oo yglme slalivg, b

s Sl Slles i65,0Le8 (LSl B (]
2l 5l et b aee 3y Ol e el it
S Wl ez 99,5 o0 bl (£ 5 (F5Se
G5 53 055 kel 65)slaS 03 b adlaie 5o
o] e el Ll L g il ol
S ) il Glola T, 55 o5 e
3 6laS slacudld b egh 4 b alos S B e
ol oeIle a cSlo b a3 e bl
gl oo Oyl sl L2l

Slles ooy, 3las L ) S a8l
(S oS oyl 3P 5w ol (5l oolel udas
S dp i S2lsn b 5 55 55251
doyd Lanb cal albog; Sjslre )0 9z SO

gdge 09l S O 5 aid, YU 55 laailsog, Ml



fev

Ol ©1 9 6yl (owiign (Siud gy (oole 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

Sy Gt petes 0 el sanas; 4 ax sl
_J‘w, ‘\-‘-‘05-‘).9 oLl 4.1.’>J.A o OM—‘ Cowddy 6l_a

igolatdl Cunslasmme O 5lae 5 (Sojglom Con
Pl Gk pizmes Lwl (K2 eleia
Cojlaze )0 Sy G2 Sl poe Ay
o8l i1 S35l oty 51 51 a5 S5
N

sl o 5 eaeas ;0 OWA i) 5l eolarl
oo 85l pogdle |25 098 0 drog (o008 Sl o,
Cowl HolB WS guias ) |y jlae 5 a0 35 olass yo wilgs
bl g 488 Sl 1) pS eeeal S0 Sleogas
Ay 4 S Sy b g p S 0% S el o
= Sl ooliul Cu e (raizmen 310 o e 35 oy
el polie slilar aS" conl (pl OWA (ig, 1o la
P e 55 ol el 5 00,5 Cessay 55 01
o9l se Cawods 1y 4 3F

sy, 5l edel Cuvods mls el S84y 3y
Ol S paoas S5 4y (S (s0b5 4> b (658 oo
@ @liel Gl o olal wglad g,cnl 1ol
3 aastia pe ol 3l gl eolaiul e g b S
e olidl (guinaglsl 4y e Wlgi e (00l

Ololpciay

dwo oSy Jiegh cpl jo Sl 4 asg b
ookl b olgs oo 0l (gaiad; 5 ololis ;5,1
°°)5T Cawddy ) Sy Hlode Sy o slo g,
(iDL D00 431)1 059y S Copde Sy ol
o)lixe Az (6, el S50 slo g, 5l ol
P e gl ancodyl jslatea
Dgdb oo dpogi S Olihms

Obyd b9, S (g jlarmme Sy (2l3,P Slgie
Nz (6 S ool (AdlS g, 4 Sleisle dl> oy
s, b, 4 «RAM-D Jow 4 aasls
3 Gy wlasls, Slesle 5B 50 e
35 Gl po e B Slextle 5B pegdle (ol Gadod
WWAP Jlo o oLKen g (gwlole .l oo b3
Ol S S5l s g oo Sy 3] ylateny
oolazw! Electre s TOPSIS, HAW g, 4w ;|
o ol 5l B sl rymee 9 WS
Sl (ol (alS b o S Sodl
U ol G mls b as oS By asldog,
Sl calll gogus

TOPSIS, :die glagisy Cwl SY 4 a3y
e 50 9 B8 ole bg, o e g Electre, vikor
Olro g 43S 5l ol o (gl aS il e 0ol >
9 A5 bl (izmen g (e g Sl slo )l
ol g eizmen 0,5 eolaul ol 5l e s oS
loas ;57 (ganas; 5 ba)lne (339 s sl Lot
Sl jo Lol 09l o oolaul (o 9 3u8s polis
5 Cewl ol jar Conlad poe U ldl Ol S5 &dlge
5 Sl AT 50 b6 S pmonal [0 Coxdad pac oyl
Sleogas 8,5 Sl 4 0B espel slajty,
S O,lee 4563l H aiiuns 0 S el 03
8,5 S o 4y 0B as o S eolatul ol g, 5l el
slaws b sbeosgy sl ANP s AHP : Lo sl jis,
Jedoar 1) Wgd ool aposi Vb Jlwe b 5 43S
Al 5Byl Wiyl a5 SYeb Slwlxe

=

—&u)duud?ﬁ)‘omiwéébcsbdhla
YL cole a0 5l o s jlase o
Soox e Sl Gt ead olulid S,
Sl s 3 mlie 5l clls 3 S g (5 lo S5
dloe 0 g



Ol 2! ST 3 6 kel (cwaige (Sidghs oole 4 pid

&b
U‘f‘ ‘u‘;éf ‘U‘J’ef oliw_v‘.) ‘pJLu ul_‘> .o)Ls.v.A M L.SLQLSI‘;W \Y‘AV C s)y)m‘
Sl al>po 50 Glisis 09,V s cjlarme Sy (Dbl VYA (62058 0 g (S o o8 (S8

0P «Jsl oled ey 0590 ( by 958 g pale slo o 4y i (AHP )Ll e alle s .\,ﬂ]s 3 ookl b
Al

41.’>J.4 3 ula.u.:)? 099w dw Mw) g_im.l) L.;’Ll))‘ Ayay .C,w.:jédfla‘i €9 LS'*’L"'LA ‘Y eV 4&9)»)
o jlare S e g (G,aelp il S ege aall Bix (6,5 peeeal Slahg, 5l eolatll b Sl
Olpl el ool s olBisls

o jdaisre stl.».ww) aal fad o el o w)la.m sleas> e VA0 L cow 0y ep oo
YA-AA o YO o,leds N+ 0,90

@L«';.:’-LA al> o 10 )l 99500l ww w).]a..\m S, u—.‘l?.})‘ AvaY @Ua.c (P 9 89> & eun obls,
SVEPE o pgo ojled N el cwdige owlid ey 45,25 RAM-D § TOPSIS slo g, 3.0l 5l oolaswl b
AR AN

S Jos 5l oolaiwl b 059 slocSin ; (gaiad, VYA L 609 S o Sl> g 5 ole oo . o 0 o Selo,
Ol olps Bb,T (camgh 09,8 0ign o pie (Mallips (il iiS ags aasli wiz (6 S oo

ol ok dhaowcany OIS bl Oldlas AYAY LS g olaisle Ll (gladlais ol ol &S50
.r=9$ 9 Js‘ Al} slnsb o)Lo..':)

SOl o pae 9,509, b laows s pdsaam!l Sb5)l VWAL L gowsl T s ol f o Slaas o cp g0l
Ol el ool axly ool of5T ol&zils (g jluam (o Gioled (pogd (69,50 anlllas

oS s g, 5] o0l b (63l (sloosp (g lne Sy o)) ATAE Sloall ) em o guslale
o Lo ¢pylez 0,90 (il (T30 o8 g g dw i ] (liws S Ol5T o 168,90 arlllas ¢ il dasli o>
BYFY o OF

Darvishi, S., Jozi, S.A., Malmasi, S., Rezaian, S. 2019. Environmental risk assessment of dams
at constructional phase using VIKOR and EFMEA methods (Case study: Balarood Dam, Iran).
Human and Ecological Risk Assessment: An International Journal, pp:1-21.

Dongjian, z., Chongshi, G., Peng, L. 2005. Safty synthesis Assessment of river-way levee. in:
73rd Annual Meeting of ICOLD, Tehran, Iran, May.

Ghorbanalipour, R., Ahmadvand, A.M., Ahmadvand, M., Eghbali, H. 2018. Desighing Human
Health Risk Management Model for Dam Construction Projects. Civil Engineering Jornal, 4(9):
2173-2185.

Heller, S. 2006. Managing Industrial Risk-Having a Tested and Proven system to Prevent and
Assess Risk. Journal of Hazardous Materials, 130(1-2): 58-63.

Mendoza, F.J.C., Izquierdo, A.G. 2008. Design of a Model to Assess the Environmental Risk
of Leachate Dams. Waste Management, 28(11): 2122-2133.

O'Hagan, M. 1988. Aggregating Template Rule Antecedentsin real-time Expert Systems with
Fuzzy Set Logic. Proceedings 22nd Annual IEEE Asilomar Conference on Signals, Systems and
Computers, Pacific Grove, CA.

Panahi, K., Dashti, S. 2019. Application of Multi-criteria Decision-making Methods in
Environmental Risk Assessment Studies of Yasuj Tangs-E-Sorkh Dam During Construction
Phase. Journal of Irrigation Sciences and Engineering (JISE).

Sumanta, B., Giyasuddin, S. 2019. Human risk assessment of Panchet Dam in India using

VPoo by . i 9 e 0 5louds o0 3190 JLuw



¥4

oIl & 9 &)kl (owiipe (gl (ool 4y
\f“ul.».m.o) . d"‘" 9 J.P o)l.n.& .ﬂ.bé JL»)

TOPSIS and WASPAS Multi-Criteria Decision-Making (MCDM) methods. Heliyon Jornal, 5(6):
e01956.

Samaras, G.D., Gkanas, N.I., Vitsa, K.C. 2014. Assessing Risk in Dam Projects using AHP
and ELECTRE. International Journal of Construction Management, 14(4): 255-266.

Yager, R.R. 1994. On Weighted Median Aggregation. International Journal of Uncertainty,
Fuzziness and Knowledge-Based Systems, 2(1): 101-113.

Yager, R.R., Filev, D.P. 1999. Induced Ordered Weighted Averaging Operators. |IEEE
Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics), 29(2): 141-150.



/A Ol 2! ST 3 6 kel (cwaige (Sidghs oole 4 pid

VPoo by . i 9 e 0 5louds o0 3190 JLuw

Environmental risk assessment using the weighted average method

Leila moradit, Taher Rajaeez, Maedeh Sadeghpourhaji3*

Abstract

The purpose of this study was to evaluate the environmental risks of Alborz Dam on Babolrood
River in Babol city, using MCDM methods. First, the environment of the study area was
identified, then a list of identified environmental risks was prepared in the construction and
exploitation phase, and in the form of a questionnaire was provided to environmental experts
familiar with the Alborz dam basin. Environmental risks were rated by experts according to the
Likert scoring range based on the three indicators of occurrence intensity, probability of
occurrence and risk significance, then environmental risks ranking was performed using OWA
method. The most important risks of Alborz dam were obtained during the construction phase:
when the decision maker is risk aversion, respectively: Destruction of forest within the dam with
ascore of 0.048, Displacement of reservoir residents with a score of 0.047, and, When the decision
maker is risky, respectively: Destruction of forest within the dam with a score of 0.051,
Displacement of reservoir residents with a score of 0.050. Also, The most important risks of
Alborz Dam were obtained during the operation phase: When the decision maker is risk averse,
respectively: Thermal stratification of dam reservoir with a score of 0.053, Reduction of self-
purification of Babelrood River with a score of 0.051, and, When the decision maker is risky,
respectively: Thermal stratification of dam reservoir with a score of 0.057, Landslide with a score
of 0.056.

Keywords: Environmental risk assessment, multi-criteria decision-making, OWA,
Alborz Dam.

1 Master Graduate of Hydraulic Structures, Faculty of Engineering, Department of Civil Engineering, University of
Qom. Email: leilamoradi.ce@gmail.com, L.moradi@stu.gom.ac.ir

2 Full Professor, Faculty of Engineering, Department of Civil Engineering, University of Qom. Email:
taher_rajaee@yahoo.com, trajaee@gqom.ac.ir.

8 Assistant Professor, Faculty of Engineering, Department of Civil Engineering, Islamic Azad University,
Ghaemshahr Branch. Email: sadeghpourhaji@gmail.com. (responsible author)



mailto:L.moradi@stu.qom.ac.ir
mailto:trajaee@qom.ac.ir
mailto:sadeghpourhaji@gmail.com

411 Iranian Journal of Irrigation and Water Engineering

Extended Abstract

Research Paper

Environmental risk assessment using the weighted average method

Leila moradi!, Taher Rajaee? , Maedeh Sadeghpourhaji **

1 Master Graduate of Hydraulic Structures, Faculty of Engineering, Department of Civil Engineering,
University of Qom. Email: leilamoradi.ce@gmail.com, L.moradi@stu.qom.ac.ir

2 Full Professor, Faculty of Engineering, Department of Civil Engineering, University of Qom. Email:

taher_rajaee@yahoo.com, trajace@gom.ac.ir.

3 Assistant Professor, Faculty of Engineering, Department of Civil Engineering, Islamic Azad University,
Ghaemshahr Branch. Email: sadeghpourhaji@gmail.com. (responsible author)

d 10.22125 /TWE.2020.209797.1291.

Received:

09. November.2019
Accepted:

22. February.2020
Available online:

10 January.2022

Keywords: Environmental risk assessment,
multi-criteria  decision-making, OWA,
Alborz Dam

Abstract

The purpose of this study was to evaluate the
environmental risks of Alborz Dam on Babolrood
River in Babol city, using MCDM methods. First,
the environment of the study area was identified,
then a list of identified environmental risks was
prepared in the construction and exploitation phase,
and in the form of a questionnaire was provided to
environmental experts familiar with the Alborz dam
basin. Environmental risks were rated by experts
according to the Likert scoring range based on the
three indicators of occurrence intensity, probability
of occurrence and risk significance, then
environmental risks ranking was performed using
OWA method. The most important risks of Alborz
dam were obtained during the construction phase:
when the decision maker is risk aversion,
respectively: Destruction of forest within the dam
with a score of 0.048, Displacement of reservoir
residents with a score of 0.047, and, When the
decision maker is risky, respectively: Destruction of
forest within the dam with a score of 0.051,
Displacement of reservoir residents with a score of
0.050. Also, The most important risks of Alborz
Dam were obtained during the operation phase:
When the decision maker is risk averse,
respectively: Thermal stratification of dam reservoir
with a score of 0.053, Reduction of self-purification
of Babelrood River with a score of 0.051, and, When
the decision maker is risky, respectively: Thermal
stratification of dam reservoir with a score of 0.057,
Landslide with a score of 0.056.
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1. Introduction
Environmental risk assessment studies have been identified to eliminate or mitigate the adverse
consequences of large projects, including the construction of necessary dams. Using multi-criteria
decision-making methods in dam environmental risk assessment, it makes the right Decision-Making
process and selects the best option from a set of options. A review of the research background has shown
that many risk assessment projects have been carried out using Multi-Criteria Decision-Making
techniques. (Donjin et al., 2005) in 73rd Annual Meeting of ICOLD In an article they mentioned the
safety assessment of dams and AHP have introduced an effective method in this evaluation. (Darvishi
et al., 2013) In an article entitled (Environmental risk assessment of Khuzestan Seydoun Dam in the
construction phase), Delphi method was used to prioritize risk factors. To assess environmental risk,
they first identified important risks using the PHA method and then prioritized them using the TOPSIS
and SAW methods. (Malmasi et al., 2017) To Rank the Environmental Risks of Kurdistan Azad Dam
in Construction and Operation Phase, were used Topsis, Haw and Electre methods. (Sumanta et al.,
2019) In an article entitled (Human risk assessment of Panchet Dam in India using TOPSIS and
WASPAS Multi-Criteria Decision-Making (MCDM) methods), they assessed the human risk
assessment of Panchet Dam. First, 9 human risk options of the dam were identified using the Delphi
guestionnaire, then it was ranked using the TOPSIS and WASPAS methods. To resolve the differences
between the results of the two methods, the method of merging the mean rank has been used. Finally,
the option of population relocation was identified as the most dangerous risk.
In the present study, the environmental risks of Alborz Dam in the construction phase were evaluated
separately in three parts of physical environment, biological environment and economic, social and
cultural environment and in the exploitation phase in two parts physical and biological environment,
then, using the weighted average method (OWA), the environmental risks of Alborz Dam have been
ranked.
2. Materials and Methods
Case study:

Alborz Reservoir Dam on the Babol River is 45 km southeast of Babol and 50 km southwest of
Ghaemshahr. Alborz reservoir dam is a Rock-Fill type with clay core. Design Flood deviation system,
floods with a 1000-year return period and a peak discharge of 370 m3 / s have been calculated. After
studying the environmental impact assessment of Alborz Dam, the background of research and potential
risks in similar dam construction projects, Alborz Dam environmental risks were identified. Then the
identified risks based on three indices, risk severity, probability of occurrence and risk importance, were
assessed by a questionnaire by 10 environmental experts familiar with the field of dam and with a
master's or doctorate degree. After identifying the environmental risks of Alborz Dam and scoring them,
were used OWA Multi-Criteria Decision-Making methods to rank the environmental risks.

OWA Method:

In a decision-making issue, risk-takers emphasize the good qualities of an option and risk-averse
individuals emphasize the bad properties of an option and make it their criterion. The OWA method is
able to consider the degree of risk-taking and risk aversion of individuals and apply it in the ranking of
options. This method was first introduced by Yager in 1988.

The OWA one-dimensional operator is actually a mapping of the Rn to R space used to aggregate the

inputs of a system, and has a weight vector in the form of W= [w1, w2, wn], so that each member of

this vector is in the range of [0, 1] and} (i=1)"ni:; [Wi=1] .

We also have:
F (w) 1,..,x 2)=) (=1)n

[W_ibi Xel*n])

Where bi is the ith largest element in the sorted collection X = [x1, x2, xn]. For the W=[w1,w2,...,wn]
vector, the degree of optimism is defined as follows:

orness(W)=a=1/(n-1) Y (i=1)"n: )]

O<oxl

If orness>0.5 then the decision maker is risky, if orness=0.5 then the decision maker is neutral, if
orness<0.5 then the decision maker is risk averse. The most popular weight vectors are the maximum,
minimum, and average operators, which are shown respectively: W* «(W* s WA.
If orness(W*)=1 then FW*(X)=max, thus W*=(1,0,...,0).
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If orness(W*)=0 then Fw_*(X)=min, thus W*=(0.,0,...,1).

.. /).

So far, several models have been introduced by researchers to determine the weights of
W=[wl,w2,...,wn] vectors. In this study, the Ohagan model in 1988, which is called the maximum
entropy model, is discussed. This model is a nonlinear model whose solution is to calculate Wi's for
different alpha values. These values vary from Risk averse to risky decision maker.

s.t.orness(W)=3_(i=1)"nii; [(n-i)/(n-1) w_i=a ] O<a<l
Y (=)*n [w_i=1,w_i€[0,1],i=(1,2,...,n) )
In this model, an alpha is placed based on each decision maker, and based on that, the weight of the
indicators is obtained. If 0.5<a<1 then the decision maker is risky, if a=0.5 then the decision maker is
neutral, if 0<a<0.5 then the decision maker is risk averse. The cumulative value of each option is then
determined based on each decision maker.
3. Results

After identifying the environmental risks of Alborz Dam and scoring these risks based on risk
intensity indicators, probability of occurrence and importance of risk by experts, 26 risks in the
construction phase and 22 risks in the operation phase were identified. Then environmental risks
ranking was performed using OWA method. The most important risks of Alborz dam were obtained
during the construction phase: when the decision maker is risk aversion, respectively: Destruction of
forest within the dam with a score of 0.048, Displacement of reservoir residents with a score of 0.047,
and, When the decision maker is risky, respectively: Destruction of forest within the dam with a score
of 0.051, Displacement of reservoir residents with a score of 0.050. Also, The most important risks of
Alborz Dam were obtained during the operation phase: When the decision maker is risk averse,
respectively: Thermal stratification of dam reservoir with a score of 0.053, Reduction of self-
purification of Babelrood River with a score of 0.051, and, When the decision maker is risky,
respectively: Thermal stratification of dam reservoir with a score of 0.057, Landslide with a score of
0.056.

1. 4. Discussion and Conclusion
The use of OWA method in decision making instead of the old methods is recommended because in
addition to being able to rank any number of options and criteria, it is able to consider the mental
characteristics of the decision maker and rank according to any risk-taking or risk-averse decision
maker. Also, the advantage of using models in the OWA method is that we get weight for different
values of o and based on that we get the cumulative value of each option.
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