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Introduction

With urban developments and the aging of urban water distribution pipes their demand for repair
and maintenance is rapidly grown. There are several factors that affect the performance and leakage
in water and wastewater distribution networks (Ameyaw and Chan, 2016). By increasing the water
leakage from pipes and wastewater depletion from houses to the injection wells, water level under
the city ground is rising and saturation condition will be created near the underground infrastructures.
In recent years, local uplifting of subsurface water level in metropolises created different challenges
over water and wastewater systems with multiple damage effects (Baah et al., 2015;Qiu et al., 2016).in
recent two decades, the rising of groundwater table in Kerman city have caused several challanges
over the water and wasetwaer infrustructures. in the ancint zone of the Kerman city, water level
come up to 3 meter under the groundsurface and is interacted with several underground structures
and basment flooding. The rising water table have several destructive effects over the urban
infrastructures. The main purpose of the present study is to investigate the effects of rising subsurface
water level in Kerman city by using an AHP based damage prioritization to depict the relative
importance or urgency of a damages of water level rising over infrastructures.

Methodology

The City of Kerman as the case study of the present paper is located in the southeastern of Iran. It
has an elevation of 1760 m from the sea level as the average altitude of the city. It has dry and
relatively hot climate that suffers from water shortage and drought effects over the past decade. The
city’s water supply system is based on the groundwater transfer from nibeghour aquifers to the city.
The city aquifer is composed of a soft clay and sand alluvial layers. The balancing parameters of
water budghet in the city are mean annual precipitation: 140-mm, mean annual evaporation: 2050
mm, present population: 550,000, annual water usage: 40 MCM.. Currently, there are 75 water
wells with average discharge of 1430 liter per second, two Qanats with 1550 litere per second, and a
conveyance system of near regions having 80 km lenght with 600 liter per second discharge. These
are three main sources of water supply for the urban demand. By water to wsetwaer conversion
fraction of 0.8, there is a 2864 litere per second sewer dishcarge that infiltrats to the groundwater
and causes the groundwater level rising .
As mentiond, The main purpose of this study is to identify, infer and weight the damage effects in
Kerman city using analytical hierarchy process. Therefore, based on the analysis of subsurface
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ground water level in Kerman city and investigating standards, regulations, guidelines in current
references and expert opinions, damage indices ahead in 4 levels with 18 damage inferred are
illustrated (Fig. 1). Ranking of damage preferences based on pairwise matrix and geometrical
averaging of weights used for building group matrices. Inconsistency is controlled by 1<0.1 and
weight ratio and priority derived by AHP.
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Fig. 1- Hierarchy process framework of subsurface level rising effects on water infrustructures

Results and Discussion

Based on the results that are provided for the model components in Fig. 2 it is decleared that,
heath-environmental damages with a weight of 0.480, engineering-operational with a weight of
0.265, physical-structural with a weight of 0.145 and economics with a weight of 0.108 were ranked
respectively. Sub-factors of structures displacement: subsidence, slope changes, junction and joint
separation with a weight of 23.1 %, changes in quality and quantity of water and wastewater into
network a with weight of 38.3, pollutant leakage from wastewater networks to the groundwater and
reverse with a weight of 30.6%, primary and secondary treatment costs increasing with a weight of
32.1% were ranked as the highest damage inferences. Finally, sensitivity analysis of damages’
weights and intensity was performed.
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Conclusions

This paper showed that the AHP analysis is suitable to deal with complex decision-making
problems, such as identification of the most severe damage threats contributing to better understand
and decrease high groundwater level in urban areas. The environmental damages with 0.482 weight
is the most important challenge, in second rank is the operational and technical damage with a weight
of 0.265, the third one is structural damages with 0.145 weight and the final one is economic effects
having a weight of 0.108.
Results of the study declared that retardation in developments of urban sewer networks simultaneous
with the urban growth, especially in Kerman city that is located over an upper finer soil layer, will
results in creation of several destroying factors of water and wastewater infrastructures.

Acknowledgement

This article is part of a research project approved by the Iran's National Elites Foundation and the
national water and wastewater engineering Company (WWEC), with a code of 10316 95 p.
Therefore, we are grateful to the support of the National Elite Foundation, and Eng. Atay, the head
of the National Research Center of WWEC and Eng. Hayatabadi, Director of the Kerman WWEC
research office .

References

1- Ameyaw, E.E. and Chan, A.P., 2016. A fuzzy approach for the allocation of risks in public—private
partnership water-infrastructure projects in developing countries. Journal of Infrastructure Systems, 22(3),
p.04016016.

2- Baah, K., Dubey, B., Harvey, R., & McBean, E. 2015. A risk-based approach to sanitary sewer pipe asset
management. Science of the Total Environment, 505, pp.1011-1017.

3- Qiu, M., Shi, L., Teng, C. and Zhou, Y. 2016. Assessment of Water Inrush Risk Using the Fuzzy Delphi

Analytic Hierarchy Process and Grey Relational Analysis in the Liangzhuang Coal Mine, China. Mine
Water and the Environment, 1, pp.1-12.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
BY article distributed under the terms and conditions of the Creative Commons Attribution

4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



Yo

F1-£0 .0 AA slar ) Goslad £ Wl

ST (qwige 9 pole ﬁ‘rﬁ

}lnfwl/-"{;;a’.ﬁ:

Moslawl b (5 4% Sl sbakls 2wyl UT OG0 ;MTYB ] Ol 1 ot
(Qh;ﬂvﬁﬁé)y M%)@'ﬁMMMT)S

. #)
T 0 ST 5 Slske (b o

h.riahi@vru.ac.ir Olowas, (CG),.GA_J} &5 c;.JT e (-}La G}Jf Sbosbl oJ g s o -
Qw) (cs)f.a:.:sj A@.:\.;‘) LuT 6“""\"6"}(}1; aj)f)libl;w‘ -Y
\Y¥a2/¥/4 u;'J'i'\‘l

WAs/D o SS5L FA0/8/8 12 s

oS>

b e DAL 5 Of (sladilols (9ol (53350 (Sl B R WS )3 (e O 515 (el YU pdl sl (b
2 0byS (hawpj Of (Saal YU Olblie (23059 9 (Sl S b (g5 ol -Conwl 03903 dlomal Al iy (o 155 OIS1
Ol 5 Candy Jdod elwly jeliie (Gl )5 ©jp0 (5150 dlder JS 1 (e 3,509, b Wl srailolu
e GBIl Sl GLadls (B pd Ol g 3290 gilie dadaslljgiwd ol ol (owypt b g (losS e (P
9 38 (29j dmmlie g ple (wlwly Boww] Cope ] guiiCaglyl ol su3d,8 gl ol VA 9 g £ )3
9 ol Zoba (6,550l &35 a8l 51y 9 48,5 © 90 (295 dmlile (put 5o @ i (10 B9 (o (555 (0o
W Gb ChF Oipo ilpe didu Jod b Loyl (guuady 9 o s Jalow (1<0.1) Lyl sradle
— Sl g ¢ /VE0 (59 b (Sugd (glojlur 0 /TN0 (359 L (63, Sha— (8 o [EAT (359 b (aume Comn — (bl Sacans]
sl YL (laa i ki ((53)95—S P ol 10 pukd (alG0 05 03)5 (Gauady <[V A (59 b ool
039 b Koy g Sl JSIs & (wejps Ol 395 iONS 5 O CudeS 9 CanoS )3 i o3 T/ (e (3 b rstr]
a3 il o )3 Yo /TN o (159 U S g iy s 2 a Ll aSud JA 15 51 b 0 ¥T Cuiid chio yd YA/Y oo

4 Comd Ol bwe Sl oo 93,5 g litiw! &l yblie (0 SYL plgied w3 YY) o (39 b (25 9 4dgl e
o ool 55 Balje 51 ol 2

(AL je by Sla) (3 s (liSe oS e docro

Shord (oo g B39y (g5lods il 3985 zglans b1 O (s zalgr Cold 4 dogi by bayed drwgs b

ooVl g 02, ¥1 )3 i ¢ ixkio (slacoly (b 2)
ki) Sigdem 5 (e (1) )8 ) (slabaipd
Sedie Sbml (Sl g wany elyl (Sla 9 Sl
» hwp; ol maw 39YL (Zandbergen, 1998)
dgbe s glool gl ez el gl Slles
ol Sliosad el Ghd ol (s of pee S
S8 lidope; Sluogad Ol (Sdgyam Jlab sl
3509y b g 0dd sy S (SWSS )6 ST e Cunlsus
010,5 Syy Al 4y &y pladl (g5 ilye A Lo
sbcdloy; moo 3,8es (Qiu et al, 2017)c.u!
olatdl eloin] anog ool ity gl cblis 5 (60
9 S OAb @lge By ) d9de Cgume b Hlub
ooy Jlasl g by, 48 Conl a4 albole 4 lacuw]

YU g4 3 ot (i) oMl o T (claass 5 laailole
Fogreo jgy 4 o) ol Cope g 3l 4 Sl g 3 (o0
§ e dn oSl ol Canl zlas byl 45 Jlgus 38500
0l ool 3 1 ol el Sy PS5 bl o lbasus
Silog 5 Gl Ko gy ool Ul g oS Sl
b ;I (Cuppens et al., 2013) 51> sg5 o] claaslols
lse 3529 5 a8 polis b (Sogl Mol Vb s S0
(Gloy sbiSe)) @xed slache 5 o Gbolay o
Pl a5 Ui Jl lss e oy 5 o9l Cloj
il claablo (53,8 5 cupd SB alend 5 Sond
olyod 4 1) (Sogll 5 Ol b ke tblige Ot (s
S piimgS] oM g ppd bl 5y sl awsls
g Sy (ol S (00 929y (300 S L] by



DOI: 10.22055/jise.2017.18395.1333

\nd

g gn STV (5 D3 ezl f e 5 e (b

49 Mol (ol (slaoly 3929 (s red 03910 4 oy ]
4 e ph o (slaoly Sl Ol cudlyy pae lojen s
GV 505 b gbbe > Logas i of g Ll
Jgl ey sl 00d ML (5] o2 s 2B 5 (Limax
g 039 Sigyal 20 Ve B lo)S b Gy oty (18
s oo S oy Sy oS fissge o]
@ e olr b s by 4 50 (SSB slboMSB 5 cul
5 e Sog Camaz A5 oo JUE hroj 5 O (g0
ol 0 el ond sidg OMSB woe LtlsEl cely (lio
Srddeh Ced )b 5l s 4 0ad 3)ly OIS Jlade Ll
o« e NS (6 glgen 45 55 53 g 00 ity S
Kangi and ) ceol adl il oloyS b wejp) o
Ol aw (Sael YU sl ans o b (Khatibi, 2012
OlesS e 2 ol gl ger i d32 pis 5 (eein)
s (c00d8 Bl 0dgaone 50 Ll 03503 Dbl |y il byl i
Fo Yo BV o o gl 3blo )3 g o o 4y O Gas
4 39450 (o 5 sl el YU cogill @l jlas )l 1,3
S el 4l cug lapleilo 5 olo)S b w8 cél
Sl s NS 5 o clatilobs 2 (oS jads (b
Sedong)See (Sl Clilas g 1S o (B a 5 50
2 gle)S b 324 ohy pl S o bl 35 1) (555 5
S 3 2)900 9 Sl aedie (o5 dle 1 )9S Bblie S0
oyl i S 350 « o0 (pl 293 vy 4 Cawl 00
(Slodsy oz Sl b & canl o sl Sl pis 5 il
081 dpdy Sopo subs oy Ko s ol Copte
g pladlely (g)lis 4 Comd GloyS ()b o S sl
sl 0ad 001y anast s sl B)las 4 odd Juasdiul
anog b (nein; ol gl By Gl Syper Se> Bk
5 O Sl ogad > SIS OMSE (gl per S
Caeal (gl asl o ol b el dalgs 3gng 4 o] @bl
& Cuwl Ao gl il 5 acus )b wglate @l 3l bl o
A mdge (Sl sl jiins oy ol oy
Syge > olpl pss g Suis 3ble J (S plgisa gl
@byl cuop S plysa Slgie e g culie Copie
JRETIR AT AEUWELES bl 5 oSS G 4 dog b D)
o o oM 5 ol slasilol yy ordas 5 ol s
Ml 5 O laaibls Cupe g guodi sladnin 9 B)b
G5 Byb ey il ) Bl g woles e g0
2o i ol GVl Aol Slpl ey @908
i B3 i 1, oMl o sl el
Sl g el ey S (dly end bl glacy o
Gl npde Sbglw 4 g b @)l sb)lSal,
gmnn dgaS & 2255 bl (65908 (s Sl s9)00
o e Sl g oy Ol (Sael YU dhsej > nadllas

S Jl btz pangs g (il @kl g 0395 Bl
5 Gl Canj glaplp die) ol 2 86 5 eedlie
Sl iy ol o 9 v gl ly sl dlag
Chan 4 Ameyaw .(Trucco et al., 2012) wli .-
s el ) sl 5 il L s L (2016)
2l s Ol glacsloy; Suy)y p i sl
dgal gy o9 5 (o508 (ol 45D sl i

(i e oyl i (2008) Tabesh et al.
Iy oyl Lol slaalg) > @olys el dlass o Jobo ephad
S9) U Sblre 5 Sy (b)) diej 3 Ndged oy
Sepiags b Mk 5 Of cladbls o sl y;
SR (58] s (Jaote Cun) Sy (b))l ogren
Davis et al a8 o5 Sy 3,59, b adyjss LISl
e oy 5 o sl o)y S () (2002)
R (Soluen (25035 5 (e dhudes Jlod (129 L
algl wyp ¢ (2015) Zayed 4 Shahata bl a5
Jos 3509, b s glacdlon; sy el Sl
» e 3 8lee b)) (2016) Wang JWang  claSs
sl s oo 5 ONB (gyglaen 4l Sy,
(2016) Filion 4 Nanos sl el s bl s co bbbl
Sy b)) 42580 Glapiugs (295 adsl Clogile oLl
by < (2015) Gulgec et al. K 0l » SB slosw
6t sl clalobo Sy § sl JIgi g b a2l
P e Cawj g sloin! (oolaidl gl jasls p e
Gy Je opev {2016) Elsawah et al.buls Jlysge
S i ilizee (lacylad jl axie Jaxe G j Sy (b))
455 led .ol 005 plol (2014) Requena, 5 Garrido
e sl ool s b (b Ol (SelVL
il dg0eie |y pSlb 3,55 po3l 5 Canl 0 plos

ol gbdloy) der Sl opd slal sladlols
gl Slagsl Sl pglis 5 Wgdpo gt (506 danigiyd
o) 00 el 2yl (Ko gt ol 3,80es Lo o b
el g oolaidl Clods djiyg Sldo p ogde laailols
1) b gbedlop; plo moe 3 Sles 5 Hlei o dbx]
4wy (Bostani et al, 2014) wlks gy, il L
gl paias 435 Ib3e pobaw (hyuS b i
bl @i sy jlcuds Jg amd e Giall) e
o_.j JEsl sl o plo 5 (oo glaols (ML slaass
ol (Torabi, 2015) 595 o (s slaglosol 4is cels
ORIl b drwgs Gl B 4 cund 1) 408 el Ol
Yooro ol 45 1S1ie (clopaed o g Suid 3blio 3 a3 0
HE Gl 25 0gde el b sl pslme slaoje ]
oweb g JUsl fleyS s 5o (Lerner, 1990) il o 45



v

YA-FD o AFAA Jlu ) o,les FY 655

ST oo phe

oS el gloely Cuow 4 |y ey o] Gl
Aol Cow 4 g Gble jl .cwl o s oS Cgpie
2 d9diee oS ey Ol Bes s (o Jlod 5 55
29 ody Yo Ar BV 4 Bee ol (0 Cleli)] 4l
Fo du &y b @5 Bl ) g e Ve 4y (Byd Oleldsl anils
P iy el & Ges ryeS e el
O 5 435 dles ) ciliseo LY & 45 051 b (655 0 e
g 3 (55liS laely (g)oy oy pis (sppd CuiS )y
CHSL aSd i cilate  Suoldgrben Lulyd ooy e
(S 4 (55 )9liS (22l et el (Slooly 329 9 (s xS
ol 0 o) p e SllE il Sis g o 55

o] S cdl ouimdy i b ixie o) wedle
g B sl 1 5550 Slacand 3 s
e M i3l > 4 joed Camar y SThe 3 Logas
01> (xoiy; sleel aw (Sl (e sla] oji
e 039350 5l gyl sblie )0 a8 Cunl (Jbs jd ol 9 0945 0
iy o 55US slaely o (V U5 55 (g 03gixs)
Gib ol il ool 3151 O e el S o ads
e SB35 )3 a5 358 0 sdaline (V) JSS cleMb
Ol (s Ol oped MSB 3909 51 5 (oS
il s dng gime Sl gyl gble 5 Jy 4l
o Cunl 03> 2y O o poguone S8l g 4Bl (i (ejn
el (55)9L88” Bros Slaroly bawgs d> I e by ey
Reb S oagame )3 (s Ol dgde Mo ol il
9 e el Bl ol cwl QB Je s glos
o g al) EL plos Ll oad (Su)l ad) (B oy
Sl gl YU 5l &S s by cpl 5l dged 93 lo)S zols
e s )35 Jb 3 g Slodjes iole)S (rdaw
Cl- S04 sbyg cble (1o 35 (S3gl 5 (Jaro Cons
oy i (sbadiged yd odd izwuw ,M@2+,Ca2+,Na+HCO3
(V) Jsdz 50 WAL o WWY sl Jls o loyS odgione jley
A g i loye cdale Joda cpl Gub ol ol duglis
@ S 3959 51 (B Glgiee |y cnl &5 81 (ol K,
O B OMSB gp9. cusl mejp; o) byhw
9w O glapy chald (Ll cel b (dawyj
b 2350l 5 o) o 3l wandS” g2 00,5 331 b g 0 l)lS
oS ed (o p3l 3 el clale I cel gt
g s

Sl Ul 9 aass ‘slauu:.uﬁ R
AHP b ‘ﬁhﬂﬁ‘}h?T ]
boadls SLld fomen (iagh ool e Jolpe )
byl g A, ((B30js aylae 5 cunl 5 badlge 4
5 B sbaliny 2b 350, 5l g0k ol

5 ololid Gan b s ol dad claalel 5 laojlo
Slal glaalols o)t (055 Sl g bl gauca g

b g oM (b o (rdge (Sl 3 0 (60
o) o plo] sl yo dlanbas Juloxs 1213 5 o3l

lhuiag) 9 0'9.0
adllae 390 dikaie
OV Sl wlaize > loyS gl 350 olo)S e
od o2 4dB0 Wy ey Vo g (Bpd Jobo 4dBd Bg 2>
Fadeo VYo ped cul 33 (S (e bawgie sl 0sd &8l
Wyl (miyeyioskS YAVAY i opl coluwe cwl Jl o
&9y 2 OlosS ped Blige e WS- > s I ol baogie
25 P &b L8 e Ve es 4 (ool slike b avle 4Y S
5 Gy Wby cdl b Slgwy slasle 38
&ly do) (o o do A dlag] Cols & oS (gl
.(Hasanpour et al.,2001) c.ol o0

Ol sed (Pl 3 DT
255009 Al gg Jl oS b xeiny ol oy
b (SyeghS can glad 0 glodalie (slaols 5l ool
(\ JSM:) .)5.»0,0 sdalin ‘;da.w).:) uT c.la.m L;.\ni\[b uLo;
N — ol —los e sl ) ploS o b
dawg b o il can a5 33,5 o ool ol adls SF bug
4 e BB (Sogll dgiiy (b yy; Ol (el YL g e
OV pols b 3 xlonn S 2yl aSd e 5l sl L5t gles
b ol asy 93 il p yud VFYe bwgio ol b ooly ails
3 i3 sl Jasl oo gl 1 20 V00 Lausgte ]
gl a6 o ) Foe aul b oloS Csir gyteghS A
Lo A s ¢ b oS adbige b opb O 218 el
4l ) VAPY (60 s bawsgi 00l adg oM (o
RS awp; ol by ple laely g & cul
A s Ol gl Y esl (1) U8 Gille 5 3550
ol b oy Ol 5l Sl (V) JSS 5 258
2 JSE Bub cwl odd 0ol LS VAR WA sl Loy
(soing ool o (Sl YL gl bl e is
g Al (S Kiw S5 g Bos (e pded liwe 0 Clyuss
03,5 3 i <l ol e gl e sl iSe;
colite mjyi ol Gud b (Sidgyien (b3S o yide Cul
OFeS g9 l3e 5> s dgue Cpl g9 g (ST g Lulyd L
2 Cdd (655 0 o & baye Jlia ;5 V/0 290 LIS
25 sl cud wgy () JS) wile ol wd e
4,5 50 V0l dnsiS 4 Caus Glo,S oKy Jles 50 (e
caw el YU &S smd o L5 Jole ol g oduwy 58 40 +/0
(Sdptp b S L b o 3 eips lac]



DOI: 10.22055/jise.2017.18395.1333

YA

g gn STV (5 D3 ezl f e 5 e (b

3o s CE5 B B pluli)S 5 a8 a5l §) 5
4 s g wolidny S sl

[
Water Table 1987

(&l ol Simgy ol edlael g AHP | pawss
o ksl jd oad b delidu p Tl L1005 eolitel Jatue

K2 ke
K2

Water Table 2005

100
—

Saeidi
s

Fig 1- Countrours of groundwater level in 1987 and 2005 in Kerman city
(Nikdel, 2014) 1¥AL 91N Sl 33 Ol i o) 93 ST Gos od S Jomno 4ddi -1

(Nikdel, 2014) 1¥A0 9 1 FYF Sl Jlo 38 Olo 5 s o3 ) DT SBows YT Ol g Ol e YS9
Table 1- Changes in groundwater contaminets in Kerman city 1992 and 2006

Parameters Yearly Changes  Values in Values in
Changes in 12 2006 (ppm) 1992 (ppm)
(%) years
Na 22 2.7 873.2 321.3
Ca 8 1.01 96.3 95.3
Mg 14 1.64 142.8 86.9
Cl 11 1.34 517.3 385.7
S04 12 1.45 851.6 586.8
HCO3 14 1.67 455.6 272.4

looly gty sam 56,5 b dges obolid |y Wl (slalols
sl 5 08 jasie ) ol s Sl el
AHP 5l 525 o) 13 905 o3litl |y canlio sl 5 e
Nakhaee et al.us oslitwl (gpSpuenas Slpl lgea
oo Jho (il aluds 85zl ) jglaie yy (2016)
laaile Lol AHP 3,51 15 ealyd (Y) JS5 3b )b
Sl (g1 45) § lolid (ol cottie laasls g 9
o) 3 cd S g bl ladilbolsp daw 5 Ol el YU
Bl 5 el dacaul GBS oy slos p GiiS
OB Gk 5l s g (sped ML 5 Ol claasis
o)lye adS Bl b S glinel ol (glajlae (2RI
e Ol =) 288 i ol Jgl o 3 5 (slaasls
GLAY (o,Slas 5 woyke Sl =Y o Suib —isl ojle
g wlall Oy GlphY (laow Cun) bl e
dulie (V) JSi )3 023 25k (ogrde Jbo (olul sl o
90 (awy; ol el YUl dlols glacaw! 5l plsS” 1o (5

oo dw ki dldl Gl 0 gly aliiwy
e 335 Jlo)| St ino 3 Wl slacS i alStil
Pl AHP 5505, b 0ad oSS gladoliiin y @l Jibos
sl ol opp b sl 5 058 laadle Jlulid b
N AAD ojlas b pls yozmed dgg0 milie i ol ygiws
Planning Organization 4 Management sAY
Wastewater Company , National Water (2014)
{2009) Rahnema 4, Mozhdeganifar ¢(2008)
(2008) Tabesh et al. 4 (2013) Roozbahani et al.
by caVl ooy slac] maw GloS e > ab plos]
S oy B g b s oMb 5 T cla alele
Aalgs puin e LSy 5 )0 «5)IRSS slaansa
5 ol glaabls p ol Ll clil oleld Cygps o 3s
slagille b dblie (63,)8" slaylSaly (2995 5 (s 08 ©NSL
255 Sl lajlne bl lyy jlo e dgpiie |y 9yt
2 by Ol mdge (oYL (o055 SISl ytage 1L



4

FA-FD Lo ATAA Jlo ) o)l FY oy

ST oo phe

Do oyl 50 0yl 4y Caps 0,bbe

eyl Coles 3 &S By5 0 18 05l g dwlie 590 93 @

I Effects of groundwater level on water and wastewater infrastructures ‘
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4. Disturbances in electrical equipment and sensors. power failure of <—
2- Entry of soil. mud and mud into pipes. cylinders and motors
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3. Quantity and quality variations: entering groundwater into the
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Fig 2- Hierarchy process framework of subsurface level rising effects on water infrustructures
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Table 2- Paired comparison matrix and rate of inconsistence at first level damages

Damage S OoP Env Eco
S: Structural - Physical 1 0.5 0.33 13
Op: Operational - Technical 1 0.5 2.6
Env: Environmental - Sanitary 1 4.2
Eco: Economical - Costs 1
Icon=0.00
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Table 3- Paired comparison matrix and rate of inconsistence Structural - Physical damages

Damage Sl S2 S3 S4 S5
S1: Changes in Locations 1 1.8 1.6 0.25 1
S2: Entra of soil, mud 1 1.3 1.2 1.8
S3:Soil erosion 1 0.2 0.143
S4: Corrosion 1 1.3
S5: Soil presure 1
Icon=0.04
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Table 4- Paired comparison matrix and rate of inconsistence Operational - Technical damages

Damage Opl Op2 Op3 Op4
Op1: Reduce reliability ) \ .08 -JAY
Op2: Reduces hydraulic power \ .08 A
Op3: Change qualitative and quantitative properties \ Y
Op4: Disruptions in electrical equipment )

lcon=0.00
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Table 5- Paired comparison matrix and rate of inconsistence Environmental - Sanitary damages

Damage Envl Env2 Env3 Env4 Envs
Env.1: Increasing insects and bacteria 1 1.5 0.83 0.83 0.72
Env.2: Make odor and gas 1 1 0.5 1
Env.3: Problems with secure access 1 0.5 1.4
Env.4: Pollutant leakage 1
Env.5: Increase the movement of germs and viruses 1
Icon=0.03
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Table 6- Paired comparison matrix and rate of inconsistence Economical - Costs damages

Damage Ecol Eco2 Eco3 Eco4
Ecol: Expenditure 1 14 1.7 0.56
Eco2: Maintenance Costs 1 2.4 1.2
Eco3: Social Costs 1 0.455
Eco4: Treatment costs 1
lcon=0.04
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Fig 3- Relative weights of Structural - Physical damages in water and wastewater infrustructures
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Fig 4- Relative weights of Operational - Technical damages in water / wastewater infrustructures
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Fig 5- Relative weights of Environmental -Sanitary damages in water/wastewater infrustructures
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Fig 6- Relative weights of Economical - Costs damages in water / wastewater infrustructures
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Fig 7- Relative weights of basic main level damages in water and wastewater infrustructures
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