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This study aims to find a suit able site for a nu clear power plant us ing the geo graphic in for ma -
tion sys tem and an a lyt i cal hi er ar chy pro cess in the Khulna di vi sion, Ban gla desh. Se lec tion of a 
suit able site for a nu clear power plant is vi tal for the safety of the in stal la tion, work ers, the
pub lic, and the en vi ron ment. This study was con ducted con sid er ing four stages, namely con -
cep tual and plan ning, area sur vey, site char ac ter iza tion, and site con fir ma tion stage. In the
area sur vey stage, six cri te ria were di vided into twelve sub-cri te ria, namely pop u la tion den sity, 
earth quake, river, riv er bank ero sion, air port, road and rail way, pro tected area, for est,
ground wa ter ta ble, rain fall, wind speed, and thun der storm. A suit abil ity map of each sub-cri -
te rion was made us ing geo graphic in for ma tion sys tem soft ware. The weight ing of each cri te -
rion was de ter mined us ing an an a lyt i cal hi er ar chy pro cess and fi nally, a geo graphic in for ma -
tion sys tem-based over lay anal y sis was per formed to pre pare the fi nal suit abil ity map of the
Khulna di vi sion which in di cates 315.30 km2 and 2991.27 km2 of its to tal area as the most
suit able and suit able, re spec tively for nu clear power plant es tab lish ment. Twenty-six po ten -
tial ar eas were se lected from the most suit able ar eas for fur ther study. This study fol lows a
com pre hen sive meth od ol ogy and thus may help policymakers for the es tab lish ment of nu -
clear power plants in Ban gla desh and abroad.

Key words:  Ban gla desh, nu clear power plant, geo graphic in for ma tion sys tem, an a lyt i cal hi er ar chy
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IN TRO DUC TION

Elec tric ity is gen er ated from var i ous sources fol -
low ing dif fer ent tech nol o gies through out the world.
Hydropower, nu clear, coal, gas, bio mass, geo ther mal,
wind, tidal, and so lar en er gies are the main sources of
power gen er a tion and most of the sources gen er ate
power by ro tat ing a steam tur bine. Nu clear tech nol ogy 
of power gen er a tion is the most ad vanced and re li able
form of clean en ergy among these tech nol o gies. A nu -
clear power plant (NPP) is a ther mal power plant,
where nu clear fis sion pro duces ther mal en ergy fol -
lowed by elec tri cal en ergy. The world is fac ing a threat 
due to in creas ing global warm ing, so the gen er a tion of
clean and sus tain able en ergy is in de mand. Power gen -
er a tion from nu clear en ergy is a sus tain able and safe

source of en ergy that re duces green house gas emis -
sions, un like fos sil fu els. The use of nu clear en ergy to
gen er ate elec tric ity co mes with sev eral ad van tages
over tra di tional elec tric ity gen er a tion sources, i. e.,
low car bon emis sions, low op er a tions and fuel costs,
bal anced dis tri bu tion of fuel sources across the globe,
and long op er a tional pe ri ods [1]. There fore, there is a
grow ing in ter est in har ness ing en ergy from an NPP in
de vel op ing coun tries. As of May 2023, the World Nu -
clear As so ci a tion re ported that there were 436 nu clear
power re ac tors in op er a tion, and 59 nu clear power re -
ac tors un der con struc tion [2].

Ban gla desh is known as an agro-based eco nomic
coun try with a large pop u la tion. How ever, it has un der -
gone a sig nif i cant change in the econ omy through in dus -
tri al iza tion in the last twenty years. In dus tri al iza tion has
be come the ma jor socio-eco nomic de vel op ment fac tor in
Ban gla desh which is drift ing the na tional power gen er a -
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tion. At pres ent, the growth of elec tric ity de mand is
around 9-10 %, which is ex pected to in crease fur ther in the 
com ing years [3]. Thus, the gov ern ment has a vi sion to
achieve a to tal gen er a tion ca pac ity of 40000 MW by 2030
and 60000 MW by 2041 against the cure gen er a tion of
22512 MW [3]. In this per spec tive, the Ban gla desh gov -
ern ment is in tro duc ing two units of NPP in Rooppur,
Pabna, which are ex pected to be com mis sioned in 2024
and 2025 with a com bined ca pac ity of 2400 MW [3]. Be -
sides, the site se lec tion pro cess for the 2nd  NPP is go ing on
in the south ern part of Ban gla desh [4].

Ac cord ing to the safety reg u la tions of the IAEA,
it is im por tant to se lect an ap pro pri ate site be fore in -
stall ing an NPP [1]. The char ac ter is tics of the se lected
site di rectly af fect the NPP de sign, con struc tion costs,
and con struc tion time, thus site se lec tion and the eval -
u a tion pro cess are es sen tial for the safe in stal la tion
and op er a tion of nu clear fa cil i ties [5]. There fore, the
pres ent study aims to find a suit able site for the es tab -
lish ment of NPP in Khulna di vi sion which is sit u ated
in the South-West ern part of Ban gla desh.

A site se lec tion pro cess con sists of four stages;
namely con cep tual and plan ning stage, area sur vey
stage, site char ac ter iza tion stage, and site con fir ma -
tion stage [6, 7]. The geo graphic in for ma tion sys tem
(GIS) and the an a lyt i cal hi er ar chy pro cess (AHP)
were used in this study as a part of the con cep tual and
plan ning stage and area sur vey stage. The main six cri -
te ria (cli ma to log i cal cri te rion, geo log i cal cri te rion, so -
cio log i cal cri te rion, pedological cri te rion, hy dro log i -
cal cri te rion, and eco log i cal cri te rion) were di vided
into twelve sub-cri te ria in the area sur vey pro cess. The 
fi nal suit abil ity map helped to find out the most suit -
able, suit able, mod er ately suit able, un suit able, and
com pletely un suit able area in the Khulna di vi sion for
the es tab lish ment of NPP.

MA TE RI ALS AND METH ODS

Study area

There are eight di vi sions in Ban gla desh. The
Khulna di vi sion is the third larg est di vi sion of Ban gla -
desh with an area of 22285 km2. The lo ca tion of
Khulna di vi sion on the world map is sit u ated at 21°40'
north lat i tude to 24°12' north lat i tude and 88°34' east
lon gi tude at 89°57' east lon gi tude [8]. Fig ure 1 shows
the map of the area un der study (Khulna di vi sion) for
this study.

In put data

As men tioned ear lier, in the cur rent study six cri -
te ria (cli ma to log i cal cri te rion, geo log i cal cri te rion, so -
cio log i cal cri te rion, pedological cri te rion, hy dro log i -
cal cri te rion, and eco log i cal cri te rion) were di vided

into twelve sub-cri te ria (pop u la tion den sity, earth -
quake, river, riv er bank ero sion, air port, road and
rail way, pro tected area, for est, ground wa ter ta ble,
rain fall, wind speed and light ning). The vec tor point
data of some sub-cri te ria (pop u la tion den sity, earth -
quake, air port, pro tected area, ground wa ter ta ble,
rain fall, wind speed, and thun der storm) and
1:1000000 scale data of oth ers sub-cri te ria (river, riv -
er bank ero sion, road, and rail way, and for est) were
col lected from dif fer ent na tional or ga ni za tions for this
study. The fi nal suit abil ity map was pre pared us ing
these data in a GIS en vi ron ment.

Meth od ol ogy

The sit ing meth od ol ogy for this study has been de -
vel oped in four stages, namely the con cep tual and plan -
ning stage, area sur vey stage, site char ac ter iza tion stage,
and site con fir ma tion stage. In the con cep tual and plan -
ning stage, the meth od ol ogy to es tab lish an NPP has been 
pre pared. Dur ing the area sur vey stage, rel e vant vec tor
data have been as sem bled on a re gional scale. Data used
for sub-cri te ria, namely pop u la tion den sity, earth quake,
ground wa ter ta ble, rain fall, wind speed, thun der storm,
air port, and pro tected area are the vec tor point data, and
river, river bank ero sion, road, rail way, and for est are the
vec tor polyline or poly gon data. At this stage, the suit -
abil ity map of each sub-cri te rion was made based on the
grad ing scale of each sub-cri te rion, tab. 1. The suit abil ity
map of each sub-cri te rion was con verted to a ras ter map
us ing GIS for over lay anal y sis. Fi nally, the over lay anal -

A. S. Lova, et al., Site Se lec tion for Nu clear Power Plants Us ing Geographic ...
236 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 4, pp. 235-245

Fig ure 1. Map of the study area
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Ta ble 1. Cri te ria clas si fi ca tion and grad ing of the sub-cri te ria ap plied in this study

Cri te ria Sub-cri te ria

Clas si fi ca tion guide line

(Clas si fi ca tion was done ac cord ing to in ter na tional prac tices and ex perts' 
judg ment based on the en vi ron men tal set ting of the re gion un der study)

Clas si fi ca tion
con sid er ing
study area

Grad ing (xij)
0 – Ex cluded area
1 – Com pletely
un suit able
2 – Un suit able
3 – Mod er ately
suit able
4 – Suit able
5 – Most suit able

Ge ol ogy
Earth quake 

(Mag ni tude on
Rich ter's scale)

Dif fer ent mag ni tudes rep re sent dif fer ent amounts of shock, such as
2.5-slight, 4-strong, 5-very strong, 7-di sas trous, 8.5-ca tas tro phe, and,
>8.5-great ca tas tro phe [7]. A lower-mag ni tude earth quake zone is
suit able for an NPP ac cord ing to IAEA [9]

>8.5
7-8.5
5.5-7
4-5.5
2.5-4

1
2
3
4
5

Cli ma tol ogy

Rain fall [mm]

The area that has a low rain fall rate is pre ferred over that which has a
high rain fall rate [10]. Grad ing for this sub-cri te rion was made
con sid er ing the high est and low est value of an nual rain fall in the Khulna 
di vi sion [7]

1850-1950
1750-1850
1650-1750
1550-1650
1450-1550

1
2
3
4
5

Wind speed
[Knots]*

Dom i nant wind ar eas should not be con sid ered in NPP site se lec tion
[11]. The wind speed sub-cri te rion was clas si fied based on the max i mum 
and min i mum val ues un der the study area [7]

5.5-6.5
4.5-5.5
3.5-4.5
2.5-3.5
1.5-2.5

1
2
3
4
5

Thun der storms
(Days per year)

Light ning is an at mo spheric elec tro static dis charge (spark) ac com pa nied
by thun der, which typ i cally oc curs dur ing thun der storms [12]. The
light ning flashes strik ing di rectly a struc ture can cause: im me di ate
me chan i cal dam age; fire and/or ex plo sion; in ju ries to peo ple; and fail ure 
or mal func tion of elec tri cal and elec tronic sys tems [13]. Thus the area
with low prob a ble thun der storms is pref er a ble. The thun der storm
sub-cri te rion was clas si fied based on the max i mum and min i mum val ues 
un der the study area [7]

87-95
79-87
71-79
63-71
55-63

1
2
3
4
5

So cial/
eco nom i cal

Pop u la tion
den sity (per km2)

The [14] was used to clas sify the pop u la tion den sity sub-cri te rion.  low
pop u la tion den sity area is more suit able for an NPP es tab lish ment

>20000
1000-2000
500-1000
100-500
0-100

1
2
3
4
5

Road and rail way
[km]

Power plants should be con structed close enough to roads and rail ways
to lessen the con struc tion costs, but very close to the roads and rail ways
may be harm ful to  pe des tri ans in case of an ac ci den tal in ci dent. Thus, a
dis tance of 1 km from ma jor and 500 m from mi nor roads has been
avoided in dif fer ent stud ies [15]

0-0.5
>7
5-7
3-5
1-3
0.5-1

0
1
2
3
4
5

Air port [km]
Ac cord ing to the Ban gla desh Atomic En ergy Reg u la tory Au thor ity
safety guide, a nu clear power plant should be 5 km and 8 km away from
small and ma jor air ports, re spec tively [7]

0-5
5-7
7-9
9-11
11-13
>13

0
1
2
3
4
5

Hy drol ogy

Ground wa ter
ta ble [m]

The [16] states that a ground wa ter ta ble un der
30 m is most suit able for NPP sit ing. The [16, 17] was used to grade the
ground wa ter ta ble sub-cri te rion

<5
5-15
15-25
25-30
>30

1
2
3
4
5

River [km] Dis tance of wa ter re sources within 3 km of an NPP is most suit able [5].
The [7] in di cates that the dis tance of the river within 1 km is ex cluded

0-1
>9
7-9
5-7
3-5
1-3

0
1
2
3
4
5

Riv er bank
ero sion [km]

Riv er bank ero sion should not oc cur with such fre quency that can af fect
any kind of nu clear in stal la tion. The [7] was used to grade this
sub-cri te rion

0-2
2-4
4-6
6-8
8-10
>10

0
1
2
3
4
5

Pedology For est [km]
An NPP site should not be built in for ested

area [18]. For est 500 me ters around it, was con sid ered as an ex clu sion
area in this study

0-0.5
0.5-1
1-2
2-3
3-4
>4

0
1
2
3
4
5

Ecol ogy

Pro tected area
(Wild life life,
eco-park, sa fari
park) [km]

The [15] claims that an NPP site should n't be placed in a pro tected area,
hence, around 1 km area of pro tected zone was con sid ered as ex cluded

0-1
1-3
3-5
5-7
7-9
>9

0
1
2
3
4
5

*1 Knots = 0.514 ms–1



y sis us ing GIS soft ware and the multi-cri te ria anal y sis
(MCA) method, AHP was done to pre pare the fi nal suit -
abil ity map of the Khulna di vi sion. Af ter com plet ing the
screen ing pro cess the most suit able, suit able, mod er ately
suit able, un suit able, com pletely un suit able, and ex -
cluded ar eas in the Khulna di vi sion were iden ti fied. The
ex cluded area should be left out dur ing the site se lec tion
pro cess to avoid the un due event to the NPP. For the fi nal
site se lec tion field visit, site char ac ter iza tion and site con -
fir ma tion need to be per formed.

RE SULTS AND DIS CUS SION

The GIS soft ware, grad ing of the dif fer ent
sub-cri te ria, and the AHP method were uti lized to pre -
pare the suit abil ity map of the Khulna di vi sion as de -
scribed in the fol low ing sec tions.

Eval u a tion cri te ria

The meth od ol ogy was eval u ated in the con cep -
tual and plan ning stage of site se lec tion. The pro posed
can di date lo ca tions should be as sessed in terms of the
se ver ity of ex ter nal events and phe nom ena, in clud ing
both nat u ral and man-made oc cur rences that might
com pro mise the plant's safety. This site se lec tion anal y -
sis of the se lected area was per formed us ing six cri te ria
di vided into twelve sub-cri te ria (which may ham per the
plant's safety). The se lec tion of cri te ria and sub-cri te ria
were done ac cord ing to in ter na tional prac tice and the
en vi ron men tal set tings of the area un der study. The se -
lec tion of cri te ria and sub-cri te ria, suit abil ity map of
each sub-cri te rion, and fi nal suit abil ity map of the se -
lected area were per formed un der the area sur vey stage.
Ta ble 1 shows the clas si fi ca tion guide line and grad ing
of the sub-cri te ria ap plied in this study.

Geo log i cal cri te rion

Ge ol ogy has a long-term ef fect on NPP in clud ing
safety, tech ni cal fea si bil ity, and op er a tional du ra bil ity.
Ban gla desh has three main earth quake zones. The
Khulna di vi sion is sit u ated in the low-risk zone [19].
Earth quakes can cause great dam age to any con struc tion
as a re sult of move ments within the earth's crust or vol ca -
nic erup tion. Earth quake data on the Rich ter scale for the
pre vi ous 1918 to 2019 years were col lected from the
Ban gla desh Me te o ro log i cal De part ment (BMD). Fig ure
2 shows a suit abil ity map of the earth quake sub-cri te rion
where most of the ar eas of the Khulna di vi sion are in the
most suit able and suit able zone.

Cli ma to log i cal cri te rion

This cri te rion con tains wind speed, thun der storm,
and rain fall sub-cri te ria. Thirty-two years (1988-2017)
of vec tor point data for thun der storms, rain fall, and wind

speed were col lected from BMD but a few weather sta -
tions had less than thirty-two years of data. Ar eas with a
low prob a bil ity of ex treme weather are ac cept able to
con struct an NPP. Light ning, which typ i cally oc curs dur -
ing thun der storms, could dam age a struc ture, trans mis -
sion line, and tow ers [20]. Thus thun der storm risk ar eas
should be avoided dur ing site se lec tion. Fig ure 3(a)
shows the suit abil ity map for thun der storms where most
of the ar eas are mod er ately suit able and most suit able to
set up an NPP in the Khulna di vi sion. When ra dio ac tive
ma te ri als are re leased from an NPP dur ing an un con -
trolled ac ci dent, me te o ro log i cal in for ma tion is es sen tial
for es ti mat ing the path way of a plume of ra dio ac tive ma -
te rial to en sure safe evac u a tion and con trol [21]. At mo -
spheric dis charges of radionuclides from NPP greatly de -
pend on wind speed and di rec tion and can have a
det ri men tal ef fect on hu man be ings [22]. Most of ten,
pow er ful tor na does caused due to high wind speed are
ob served in Ban gla desh which can cre ate de struc tive ef -
fects on the NPP [23]. Ex ces sive rain fall can cause a se ri -
ous flood. There fore, the low rain fall re gion is more suit -
able than the high rain fall re gion for NPP sit ing. Fig ures
3(b) and 3(c) are the spa tial pre sen ta tions of wind speed
and rain fall sub-cri te rion. These maps in di cate that most
of the ar eas are suit able re gard ing wind speed sub-cri te -
rion and the south ern part of the Khulna di vi sion is un -
suit able for an NPP due to ex ces sive rain fall.

Hy dro log i cal cri te rion

Hy dro log i cal cri te rion com prises three sub-cri te ria,
namely river, riv er bank ero sion, and ground wa ter ta ble.
Ban gla desh is a riverine coun try. There are many big and
small rivers in Ban gla desh, thus flood and riv er bank ero -
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Fig ure 2.  Suit abil ity map for earth quake sub-cri te rion



sion are very com mon phe nom ena and can dam age any
con struc tion. There fore, the dis tance from rivers and ar eas
with riv er bank ero sion are very im por tant fac tors in the
site se lec tion pro cess. In an other as pect, cool ing wa ter
sources is very im por tant for a nu clear power plant. Dur -
ing power plant op er a tion, ad e quate wa ter re sources
should be avail able for cool ing sys tems. No source of
cool ing wa ter in di rect con tact within 8 km should be con -
sid ered as an ex cluded area [5]. There fore, NPP should be
con structed near a sur face wa ter source but not too close,
be cause flood and ero sion can dam age the con struc tion.
The 1:1000000 scale data for river and riv er bank ero sion
were col lected from the sur vey of Ban gla desh (SOB) and
Wa ter Re sources Plan ning Or ga ni za tion, re spec tively.
The ground wa ter ta ble is the dis tance from the sur face to
un der ground wa ter. Dur ing an ex plo sion, the nu clear core
melt can con tam i nate the ground wa ter ta ble [16]. Thus
high value of wa ter ta ble is pref er a ble for NPP sit ing. Nine
years (2010-2018) of ground wa ter ta ble data were col -
lected from the Ban gla desh Wa ter De vel op ment Board.
Fig ures 4(a-c), ground wa ter ta ble, river and riv er bank ero -
sion sub-cri te ria, re spec tively. In the case of the ground -
wa ter ta ble and river sub-cri te rion, large ar eas of the
Khulna di vi sion are com pletely un suit able whereas large
ar eas are most suit able for riv er bank ero sion sub-cri te rion.

Socio-eco nomic cri te rion

This cri te rion com prises pop u la tion den sity, road
and rail way, and air port sub-cri te rion. Ban gla desh is a
highly pop u lated coun try thus the pop u la tion sub-cri te -
rion has a great im por tance dur ing NPP sit ing. The gen -
eral prin ci ple in the sit ing of nu clear power plants is to
have the fa cil i ties in a low pop u la tion area and far away
from large pop u la tion cen ters [1]. Data for this sub-cri -
te rion were col lected from the Ban gla desh Bu reau of
Sta tis tics. Fig ure 5(a) rep re sents the suit abil ity map for
the pop u la tion den sity sub-cri te rion and in di cates less
area is suit able for NPP sit ing. Dur ing the con struc tion
and op er a tion of an NPP, a large num ber of goods need
to be trans ported thus a fea si ble trans por ta tion sys tem
helps re duce the costs. The ac ci den tal sit u a tion may
cre ate an un due ef fect on the pe des trian, thus NPP
should not be very close to the roads and rail ways. An
NPP should not be built close to an air port be cause of
unelectable chances of air plane crashes dur ing take-off
and land ing phases of flight which may cause se ri ous
dam age to the NPP [18]. The vec tor data for air port,
road, and rail way sub-cri te ria were col lected from
SOB. Fig ures 5(b) and 5(c) are the suit abil ity maps of
these two sub-cri te ria.

Pedological cri te rion

For est pro vides dif fer ent ben e fi cial things to hu -
mans and the en vi ron ment and is the liv ing place of
dif fer ent an i mal spe cies. There fore, an NPP should not 
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Fig ure 3. Suit abil ity map of (a) thun der storm, 
(b) wind speed, and (c) rain fall sub-cri te ria
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Fig ure 4. Suit abil ity map for; (a) ground wa ter ta ble
(b) river, and (c) riv er bank ero sion

Fig ure 5. Suit abil ity map of; (a) pop u la tion,
(b) road and rail way, and (c) air port sub-cri te rion



be con structed in the for est area. The NPP just be side
the for ested area may gen er ate ad verse ef fects in case
of an ac ci den tal case. Thus, a 500 m area around the
for est is con sid ered an ex cluded area. The data for this
sub-cri te rion was col lected from SOB. Fig ure 6 shows
the suit abil ity map for the for est where al most all the
ar eas for this sub-cri te rion are most suit able.

Eco log i cal cri te rion

The eco log i cal cri te rion con tains a pro tected area
sub-cri te rion where wild life ar eas, eco-parks, sa fari
parks, and na tional parks have been taken un der con sid -
er ation. An NPP should not be con structed in these pro -
tected ar eas [18, 24]. The data for this sub-cri te rion was
col lected from SOB. Fig ure 7 is the suit abil ity map for
this sub-cri te rion and in di cates that the Khulna di vi sion
is most suit able for the eco log i cal cri te rion.

Geo graphic in for ma tion sys tem

The GIS soft ware has a high abil ity to man age
large vol umes of spa tial data and con sider many fac -
tors from a va ri ety of sources [25]. Spa tial data/vec tor
data re fers to the data that has a spe cific co or di nate to
de fine a spe cific lo ca tion on the earth's sur face. The
GIS can take vec tor data (point, polyline, and poly -
gon) as in put and con vert it to a user-de fined out put.
The GIS is used to edit, vi su al ize, and an a lyze spa tial
data. It ed its the geo graph ical data de pend ing on the
user's choice and by over lay ing the maps it cre ates the
suit abil ity map.

Multi-cri te ria anal y sis

The MCA is a de ci sion-mak ing tech nique pro vid -
ing weights to the sub-cri te ria ac cord ing to their im por -
tance in the site se lec tion pro cess. It is re quired to rank
or short-list pos si ble al ter na tives and to choose the best
one among sev eral al ter na tives. There are sev eral MCA
tech niques; among those AHP is the com mon and pop -
u lar one that has been used in this study. The AHP is a
mea sur ing the ory that aims to cal cu late a pri or ity
weight from paired com par i sons of items based on a
given cri te rion or fea ture to cre ate a pri or ity in the de ci -
sion-mak ing pro cess [26]. The com bi na tion of AHP
and GIS tech niques helps to iden tify suit able lands ac -
cord ing to ne ces sity [7-14]. The AHP method pro vides
a pairwise com par i son ma trix (PCM) that gives the rel -
a tive weight of each sub-cri te rion. The pairwise com -
par i son of each sub-cri te rion con cern ing other sub-cri -
te rion on a scale of 1 to 9, tab. 2, was done to build a
PCM. The pairwise com par i son was done us ing ex -
perts' judg ment and pub lished re search ar ti cles [5, 27].
Ta ble 3 shows the im por tance of val ues uti lized in the
PCM, more over, frac tional val ues used in the PCM in -
di cate im por tance be tween 1-2, 2-3, 3-4, etc.

The con sis tency ra tio (CR) in di cates the in con -
sis tency of the PCM and is de fined as [7]

CR CI / RI (1)

The con sis tency in dex (CI) is cal cu lated as,

CI 



lmax n

n 1
(2)

The sum of the prod ucts be tween the col umn to -
tal of the PCM and the cor re spond ing value of the
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Fig ure 6.  Suit abil ity map of for est

Fig ure 7. Suit abil ity map of pro tected area



weight is known as the prin ci ple eigenvalue, lmax. The
num ber of sub-cri te ria is in di cated by n. The ran dom
con sis tency in dex (RI) is a con stant pa ram e ter, and
RI12 in di cates the value of RI for twelve sub-cri te ria,
which is 1.48 [29]. The value of CR less than 10 % is
ac cept able and in di cates the con sis tency of the PCM
[27]. In this study, the value of CR is 0.37 % which in -
di cates the ap pro pri ate ness of the judg ment.

Af ter de ter min ing the rel a tive im por tance
weights and suit abil ity maps of each sub-cri te rion, the
over lay anal y sis was per formed among suit abil ity
maps us ing the GIS and the sim ple ad di tive weight ing
method. The fol low ing for mula was used in this
method [14]

R x wi ij j
i

i n







1

(3)

where Ri is the suit abil ity in dex of area i and wj – the
weight ing of sub-cri te ria j, and xij – the grad ing value
of area i un der sub-cri te ria j. The fi nal suit abil ity map,
fig. 9, was cal cu lated us ing xij, from tab. 1 and wj, from

tab. 3. Fig ure 8 shows the ex cluded area and re sid ual
area map, where the ex cluded area com prises ex -
cluded ar eas of all the sub-cri te ria, and the re sid ual
area in di cates ar eas, that could be sur veyed for site se -
lec tion. The equal in ter val clas si fi ca tion of the suit -
abil ity in dex was used to clas sify the re sid ual area. The 
max i mum and min i mum val ues of the suit abil ity in dex 
were 4.4 and 2.3, re spec tively, for the re sid ual area.
For the ex cluded area the suit abil ity in dex was 0. The
com bi na tion of the clas si fied re sid ual area and the ex -
cluded area pro duces a fi nal suit abil ity map of the
study area, fig. 9.

The fi nal suit abil ity map com prises six ar eas,
namely most suit able, suit able, mod er ately suit able, un -
suit able, com pletely un suit able, and ex cluded area.
This map shows that a small area is in the most suit able
cat e gory, which in di cates the small area has the po ten -
tial for NPP es tab lish ment in the Khulna di vi sion. Ta ble
4 shows the amount of area un der dif fer ent grad ing.

This study shows that about 1.41 % (315.30 km2)
area of Khulna di vi sion which is most suit able, about
0.45 % (100.83 km2)  area is com pletely un suit able,
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Ta ble 2. Im por tance val ues uti lized in the AHP method [28]

In ten sity of
im por tance Def i ni tion Ex pla na tion

1 Equal im por tance Two ac tiv i ties con trib ute equally to the ob jec tive

3 Weak im por tance of one over an other Ex pe ri ence and judg ment slightly fa vor one
ac tiv ity over an other

5 Es sen tial or strong im por tance Ex pe ri ence and judg ment strongly fa vor one
ac tiv ity over an other

7 Dem on strated im por tance Ac tiv ity is strongly fa vored and its dom i nance is
dem on strated in prac tice

9 Ab so lute im por tance The ev i dence fa vor ing one ac tiv ity over an other
is of the high est pos si ble or der of af fir ma tion

2, 4, 6, 8 In ter me di ate val ues be tween the two ad ja cent judg ments When com pro mise is needed

Re cip ro cals of the
above non zero

If ac tiv ity i has one of the above non zero num bers as signed
to it when com pared with ac tiv ity j, then j has the re cip ro cal

value when com pared with i 

Ta ble 3. The PCM and rel a tive im por tance weights of the sub-cri te ria

Pop u la tion 1.00 1.20 1.50 1.50 2.00 2.50 3.00 3.50 4.00 4.30 4.50 5.00 0.179
River 0.83 1.00 1.20 1.30 1.30 2.00 2.50 3.00 3.50 4.00 4.30 5.00 0.147

Earth quake 0.67 0.83 1.00 1.20 1.20 1.30 2.00 2.50 3.00 3.50 4.00 4.50 0.123
Riv er bank ero sion 0.66 0.77 0.83 1.00 1.00 1.20 1.30 2.00 2.50 3.00 3.50 4.30 0.107

Air port 0.50 0.76 0.83 1.00 1.00 1.20 1.30 1.50 2.00 2.50 3.00 3.50 0.097
Road and rail way 0.40 0.50 0.76 0.83 0.83 1.00 1.00 1.30 1.50 2.00 2.50 3.00 0.078

Pro tected area 0.33 0.40 0.50 0.76 0.77 1.00 1.00 1.20 1.30 1.50 2.00 3.00 0.066
For est 0.28 0.33 0.40 0.50 0.66 0.77 0.83 1.00 1.30 1.50 1.50 2.00 0.053

Ground wa ter ta ble 0.25 0.29 0.33 0.40 0.50 0.67 0.76 0.77 1.00 1.30 1.30 2.00 0.045
Rain fall 0.23 0.25 0.29 0.33 0.40 0.50 0.67 0.67 0.77 1.00 1.00 1.50 0.038

Wind speed 0.22 0.23 0.25 0.29 0.33 0.40 0.50 0.67 0.77 1.00 1.00 1.20 0.034
Thun der storm 0.20 0.20 0.22 0.23 0.29 0.33 0.33 0.50 0.50 0.67 0.83 1.00 0.028

lmax = 12.06292, CI = 0.00572, RI12 = 1.48, and CR = 0.003714 << 0.1



about 6.89 % (1536.78 km2) area is un suit able, about
23.01 % (5128.83 km2) area is mod er ately suit able,
about 13.42 % (2991.27 km2) area is suit able and about
54.82 % (12211.99 km2) area is ex cluded re gard ing sit -
ing of an NPP. Twenty-six po ten tial ar eas were se lected
from the most suit able area with the high est suit abil ity in -

dex fit for NPP es tab lish ment. A typ i cal 1000 MW nu -
clear fa cil ity in the USA needs a lit tle more than 1 square
mile (2.58 km2) area to op er ate [30]. Whereas, ac cord ing
to [31], a nu clear en ergy fa cil ity re quires 1.3 square miles 
(3.36 km2) for a 1000 MW Plant. Thus, ar eas greater than 
three square ki lo me ters were con sid ered po ten tial ar eas
for fur ther study. Fig ure 10 and tab. 5 show the po ten tial
area map and de tails of the po ten tial ar eas, re spec tively.

The re con nais sance field sur vey, site char ac ter -
iza tion, and site con fir ma tion need to be per formed on
these po ten tial ar eas to iden tify the fi nal site for the es -
tab lish ment of NPP in the Khulna di vi sion.

CON CLU SION

The GIS soft ware and the AHP method were used
for pre lim i nary anal y sis to iden tify po ten tial ar eas for the
con struc tion of a NPP in the Khulna di vi sion of Ban gla -
desh. The anal y sis was con ducted on the whole ter ri tory
of the di vi sion based on six main cri te ria; namely ge ol -
ogy, cli ma tol ogy, hy drol ogy, pedology, socio-econ omy,
and ecol ogy; sub-di vided into twelve sub-cri te ria. The
pri or ity weight and suit abil ity map of each sub-cri te rion
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Ta ble 4. The area un der dif fer ent grad ing

Grad ing Area [km2]
Com pletely un suit able 100.83

Un suit able 1536.78
Mod er ately suit able 5128.83

Suit able 2991.27
Most suit able 315.30

Fig ure 8. Ex cluded area and re sid ual area map

Fig ure 9. Fi nal suit abil ity map of the Khulna di vi sion

Fig ure 10.  Map of po ten tial ar eas in Khulna
di vi sion for NPP



was pre pared us ing the AHP method and GIS soft ware.
The sit ing pro cess of ra dio ac tive waste dis posal fa cil i ties
in Ban gla desh [14] as well as in Ser bia [24] was con -
ducted us ing the GIS, which helped this study iden tify
prob a bly suit able ar eas. Ar eas con tain ing un fa vor able
con di tions or con straints may jeop ar dize the safety of nu -
clear in stal la tions and, there fore, are not ap pro pri ate for
the con struc tion of NPP. Hence, grad ing anal y sis was
uti lized to im pose these con straints in the area un der
study. The fi nal suit abil ity map in di cated twenty-six po -
ten tial zones with max i mum and min i mum ar eas of
26.035 km2 and 3.030 km2, re spec tively, as the most suit -
able for the con struc tion of NPP in con sid er ation of the
safety of the fa cil ity, pub lic, and the en vi ron ment as well
for the plan ning pur pose of the gov ern ment. There fore,
this re search work will pave the way for the
policymakers to find a site suit able for es tab lish ing NPP
in the area un der study in Ban gla desh. Lastly, es sen tial
and pre req ui site ac tiv i ties of the re con nais sance field
sur vey stage, the site char ac ter iza tion stage, and the site
con fir ma tion stage need to be com pleted for de cid ing the
fi nal site for es tab lish ing NPP in the pro posed re gion.

AU THORS' CON TRI BU TIONS

The idea of this re search was from Md. I. Ali and
K. N. Sakib. The data col lec tion and the scan ning were 
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IZBOR  LOKACIJA  ZA  NUKLEARNE  ELEKTRANE  KORI[]EWEM  GEOGRAFSKOG
INFORMACIONOG  SISTEMA  I  PROCESA  ANALITI^KE  HIJERARHIJE

Studija slu~aja oblasti Kulna u Banglade{u

Ciq rada je da se odredi pogodna lokacija za nuklearnu elektranu u oblasti Kulna u
Banglade{u, koriste}i geografski informacioni sistem i proces analiti~ke hijerarhije. Izbor
odgovaraju}e lokacije za nuklearnu elektranu od vitalnog je zna~aja za bezbednost postrojewa,
radnike, javnost i `ivotnu sredinu. Studija je sprovedena u ~etiri faze: osmi{qavawe i
planirawe, istra`ivawe podru~ja, karakterizacija lokacije i potvrda lokacije. U fazi
istra`ivawa podru~ja, {est kriterijuma podeqeno je na dvanaest potkriterijuma: gustinu
naseqenosti, zemqotres, reku, eroziju obala reke, aerodrom, put i ̀ eleznicu, za{ti}eno podru~je,
{umu, nivo podzemnih voda, padavine, brzinu vetra i grmqavine. Mapa podobnosti svakog
potkriterijuma napravqena je kori{}ewem softvera geografskog informacionog sistema.
Ponderisawe svakog kriterijuma obavqeno je kori{}ewem procesa analiti~ke  hijerarhije. Na
kraju, izvr{ena je analiza preklapawa zasnovana na geografskom informacionom sistemu da bi se
pripremila kona~na mapa prikladnosti oblasti Kulna za izgradwu nuklearne elektrane ‡ koja
ukazuje na 315.30  i 2991.27  wene ukupne povr{ine kao najpogodnije i pogodnije,
respektivno. Dvadeset {est potencijalnih podru~ja odabrano je od najpogodnije oblasti za daqe
prou~avawe. Ovaj rad sledi potpunu metodologiju, tako da mo`e pomo}i kreatorima politike za
uspostavqawe nuklearnih elektrana u Banglade{u i inostranstvu.

Kqu~ne re~i: Banglade{, nuklearna elektrana, geografski informacioni sistem, analiti~ki
..........................hijerarhijski proces, mapa podobnosti


