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Disposal of radioactive wastes has emerged as a vital issue for Bangladesh as the country is ac-
tively working to have a nuclear power plant operating in the country by 2023-2024. The cur-
rent study aims to find potential sites for a near-surface disposal facility using a geographic in-
formation system software and multi-criteria analysis method. Previously six regions
(Region-1 to Region-6) were identified upon performing continental scale screening of the
whole territory of Bangladesh. In the current study, regional scale screening has been per-
formed of Region-1 and Region-2 using five criteria divided into fifteen sub-criteria: earth-
quakes, wind speed, rainfall, cultivated-vegetated land, forests, buildings-facilitie-built up areas
(area), buildings-facilities-industries-institutions (Point), population density, medium-broad
road and railway, narrow road, monument, power line, ground water table, surface water body,
and lastly flooding were used in the analysis. The suitability map and relative importance
weighting of these sub-criteria were determined by using the geographic information system
and multi-criteria analysis method. The overlay analysis was performed of suitability maps of
each sub-criterion and found the final suitability map of Region-1 and Region-2. These suit-
ability maps were divided into six categories: the excluded area, most suitable, suitable, moder-
ately suitable, unsuitable, and completely unsuitable. Nineteen potential sites with a maximum
and minimum area of 7.90 km? and 1.15 km? were identified from these most suitable and suit-
able areas. Detailed field investigation and site characterization are needed to be performed on
selected potential sites to choose a final disposal site for the low and intermediate levels of radio-

active waste.

Key words: radioactive waste, near-surface disposal, site selection, geographic information system,

multi-criteria analysis

INTRODUCTION

Bangladesh is committed to the peaceful use of
nuclear energy. Currently, Bangladesh is operating a
number of nuclear and radiological facilities including
a3 MW TRIGA Mark II research reactor (RR), radio-
isotope production facility, semi-commercial food ir-
radiation facility, nuclear medicine facilities as well as
using sealed radioisotope sources in the field of medi-
cine, industry, agriculture, research, education etc. for
the socio-economic development of the country. The
operation and maintenance of these facilities produces
various types of radioactive wastes (RW). The uses of
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radioactive materials in the country are increasing day
by day. Furthermore, Bangladesh is actively working
to embark upon a nuclear power program to improve
its energy mix and the first nuclear power plant (NPP)
of the country is expected to come into operation by
2023-2024. The operation and maintenance of the
NPP will generate a large amount of RW. Conse-
quently, the generation of RW is expected to be in-
creased significantly in the near future. Thereby, the
modest amount of low and intermediate level radioac-
tive waste (LILW) is being generated from the opera-
tion and maintenance of all these nuclear facilities cur-
rently in operation in the country and it will be
significantly increased after starting the operation of
the NPP.
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The RW may have a detrimental health effect on
living beings if not managed properly. The RW man-
agement activities include collection, segregation,
characterization, treatment, conditioning, storage and
disposal. Disposal is the final step in the LILW man-
agement process. There are several disposal options
for RW, such as landfill, surface, near-surface, inter-
mediate depth, borehole and deep geological disposal
[1]. Appropriateness of the disposal facility not only
depends on types of RW but also on socioeconomic
conditions, available technology and safety features.
The option of near-surface disposal has already been
practiced in different countries [2, 3] and also has been
anticipated as a suitable option in Bangladesh for the
disposal of LILW [4]. The objective of this study is to
find potential disposal sites from selected regions of
Bangladesh for LILW. Previously, five data criteria
(geology, hydrology, climatology, pedology, and
socio-economy), geographic information system
(GIS), and multi-criteria analysis (MCA) method were
used for continental scale screening of the whole terri-
tory of Bangladesh to select the excluded area, com-
pletely unsuitable, unsuitable, moderately suitable,
suitable and most suitable area [4]. A total of six re-
gions (Region-1 to Region-6, fig. 1) were selected for
subsequent study based on the most suitable area cate-
gory. The current study aims to find out potential sites
for a near-surface disposal facility (NSDF) from Re-
gion-1 and Region-2. The screening on of Region-1
and Region-2 has been performed in the same way as
continental scale screening with some more refined
data, such as 1:25000 and 1:50000 scale vector data of
criteria/sub-criteria. The GIS software in combination
with the MCA method has been utilized in various
studies for site selection studies [5-9]. The GIS soft-
ware has a high ability to manage a large volume of
spatial data and consider many factors from a variety
of'sources [10]. It efficiently stores, retrieves, analyzes
and displays information according to user-defined
specifications [11]. The MCA method helps to make a
decision in case of complex decision-making prob-
lems. The principle of the method is to divide the deci-
sion-making problems into smaller understandable
parts, analyze each part separately and then integrate
the parts in a logical manner in order to produce a
meaningful solution [12]. The analytic hierarchy pro-
cess (AHP) is the preferred decision-making method
among different MCA methods. The AHP method is
used to estimate the consistency weightings of criteria
that resulted from constructing the matrix of pairwise
comparisons [8]. The GIS software provides effective
management and presentation of the data, and the AHP
method delivers consistent ranking of the criteria.
Therefore, combined utilization of GIS and MCA has
been proved to be a powerful tool to solve the site se-
lection problem [13]. This study utilized fifteen
sub-criteria in the GIS environment to prepare raster
files and the AHP method for weighting the sub-crite-

ria. The GIS based simple additive weighting (SAW)
method provides a suitability map of the Region-1 and
Region-2, which indicates some area as excluded,
completely unsuitable, unsuitable, moderately suit-
able, suitable and most suitable for LILW disposal and
it also delivers suitability indexes of these selected ar-
eas. These most suitable and suitable areas provides
potential sites for further analysis. A detailed field sur-
vey as well as site characterization need to be per-
formed on selected potential sites to select the final site
for the disposal of LILW.

MATERIALS AND METHODS
Study area

The regions in the study marked as Region-1and
Region-2 in fig. 1 have areas of 2123.25 km? and
675.31 km?, respectively. Figure 1 shows a total of six
potential regions throughout Bangladesh found after
continental scale screening [4]. The continental scale
screening was performed using five data criteria,
namely hydrology, geology, climatology, pedology,
and socio-economy and those were further divided
into 14 sub-criteria. The GIS software and the MCA
method were utilized to produce a suitability map and
weighting of each sub-criterion, respectively. Finally,
GIS added the SAW method which was applied to per-
form overlay analysis among suitability maps of each
sub-criterion. The overlay analysis provides a final
suitability map for the establishment of NSDF in Ban-
gladesh. These six potential regions (Region-1 to Re-
gion-6) were identified from this final suitability map
considering the most suitable area. Among these re-
gions, Region-1 and Region-2 is situated in between
the Ruppur nuclear power plant (RNPP) currently un-
der construction and probable future sites (Khulna,
Barguna, Patuakhali, Noakhali and Feni districts) for
the second nuclear power plant of the country [14]. A
waste disposal site situated in the vicinity of NPP is
preferable [15]. Furthermore, the current policy of the
country is to develop and operate a single disposal fa-
cility to safely hosting all RW generated in the country
[16]. Therefore, considering previous facts and trans-
port distance of RW from potential waste generation
points, Region-1 and Region-2 were considered for
further analysis. This study was performed consider-
ing Region-1 and Region-2 to find potential sites.

Input data

Earlier continental scale screening was con-
ducted using five main criteria subdivided into four-
teen sub-criteria: population density, seismic faults,
ground water table, lakes and rivers, river bank ero-
sion, earthquakes, agricultural land use, rainfall, air-
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Figure 1. Location map of Region-1 and Region-2 in
Bangladesh

ports, cyclones, forests, transport, wind speed, and
thunderstorms. This study comprises five main criteria
divided into fifteen sub-criteria: earthquakes, wind
speed, rainfall, cultivated-vegetated land, forests,
buildings-facilities built up areas (area), buildings-fa-
cilities-industries-institutions (Point), population den-
sity, medium-broad road and railway, narrow road,
monument, power line, ground water table, surface
water body, and lastly flooding. Previously 1:1000000
scale vector data were used for continental scale
screening because this screening was performed over
alarge area e. g., over the total territory of Bangladesh.
This continental scale screening was done using GIS
software, the MCA method and GIS based SAW
method which facilitated the identification of six po-
tential regions as mentioned earlier. Therefore, the
current study utilized 1:25000 and 1:50000 scale data
of the sub-criteria to screen the smaller areas, e.g., Re-
gion-1 and Region-2. This regional scale screening
with large scale data indicates the precision of the data
and the study. All these data were collected from the
governmental organization of Bangladesh.

Methodology

The process of selecting a site for the RW dis-
posal facility typically comprises the conceptual and
planning stage, area survey stage, site characterization
stage and site confirmation stage [17] though almost a
similar approach has been used by others for reposi-

the continental scale screening procedure from the
area survey stage has already been performed and six
regions have been selected as potential for further
study. Region-1 and Region-2 from these six regions
were considered for this study. This regional scale
screening was accomplished using the GIS and MCA
method. The data of each sub-criterion was collected
from reputed national organizations and prepared to a
suitable raster according to grading, tab. 1, utilizing
GIS. The MCA method (AHP) provides weighting of
each sub-criterion for overlay analysis. The overlay
analysis was performed among the prepared raster of
each sub-criterion according to the weighted value of
each sub-criterion. The GIS based SAW method was
utilized to perform this overlay analysis. This overlay
analysis produces the final suitability map of Region-1
and Region-2. The final suitability map was divided
into most suitable, suitable, moderately suitable, un-
suitable, completely unsuitable and excluded area, re-
spectively. Finally, potential sites were selected from
these most suitable and suitable areas.

RESULTS AND DISCUSSION

This section describes the construction of the
grading and suitability map for each sub-criterion
along with the applications of the MCA and SAW
method on Region-1 and Region-2 to get the suitabil-

ity map.

Evaluation criteria

A waste disposal site should have long term sta-
bility to protect the public and environment. The pro-
tection would be ensured if the following factors are
considered during the area survey stage (continental/
regional/area screening) in the site selection process.
A disposal site should:

— Not be located adjacent to a settlement area.

— Be constructed on an uncultivated area.

— Not be built adjacent to a road and railway.

— Be away from surface and ground water.

— Be away from an earthquake fault line.

— Be away from a populated and protected area.

— Be away from historical and cultural sites.

— Be constructed in a low rainfall, thunderstorm and
wind speed area.

— Beaway from a flood and cyclone affected area.

— Be away from an industrial area and major infra-
structure systems, like power transmission lines.

Upon considering the above factors and sub-cri-
teria used in the continental scale screening, a total of
five criteria divided into fifteen sub-criteria were con-
sidered in this study. Table 1 shows the criteria,
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Table 1. Grading of sub-criteria used in this study
(Classificati Cl(ilssiﬁcatioré_guidel_ine onal ) Classification Grading (x;;), 0 — Excluded area
A s assification was done according to international practice| By 1 — Completely unsuitable,
Criteria Sub-criteria and expert's' judgment based on the environmental setting corslts:ﬁenax}%;he 2- Unsuitable,p3 - N}I/oderately suitable,
of the region under study) y 4 — Suitable, 5 — Most suitable
: : : : 8.5 1
According to [4], different magnitudes represents different >
%&‘;h%?ﬁlklfes amounts of shock, such as 2.5-slight, 4-strong, 5-very 7-8.5 2
Geology on thegRichter's strong, 7-disastrous, 8.5-catastrophe and >8.5-great 5.5-7 3
scale) catastrophe. The site should be 4-55 4
located in an area of low seismic activity [17]. 2.5.4 5
Strong winds can lead to anticipated operational >6 1
occurrences, incidents or accidents [q9 . The classification 5-6 2
Wind speed (Knots)| of the wind speed sub-criterion was done based on the 4-5 3
minimum and maximum values of this sub-criterion in the 3.4 4
area under study [4, 13]. 23 5
Climatology 2000 0
ANSDF should be situated in a low rainfall area [4]. The 1850-2000 2
Rainfall [mm] classification of the rainfall sub-criterion was 1700-1850 3
done based on the minimum and maximum values
of this sub-criterion in the area under study [4, 13]. 1550-1700 4
1400-1550 5
0-0.5 1
According to [4], agricultural land is not suitable for a 0.5-1 2
Cultivated- radioactive waste repository site. A repository site should 1-1.5 3
vegetated land [km]| be built in a less vegetated area [20]. Experts' judgment :
was used to grade this sub-criterion. 1.5-2 4
>2 5
Pedology 0-0.5 0
. . . . o 0.5-1 1
A radioactive waste regosnto site should not be built in a 122 )
Forests [km] forested area [4, 20] and should be 500 m away 33 3
from any forest [4]. 34 1
>4 5
0-0.5 0
S e A waste disposal site for hazardous waste such as soil 0.5-1 1
Buﬁhdiig%ls—f;(él;lstles contaminated by depleted uranium (DU) should be located 1-2 2
(areay [km] at least 500 m away from the a permanently 2-3 3
populated area [21]. 3.4 4
>4 5
o 0-0.5 0
]%;cllﬁlt?egss-_ Besides a permanently populated area, 0.5-1 1
industrics- according to [15], areas of industrial, 1-2 2
institutions tourist or other interests are to be avoided 2-3 3
(Point) [km] for a LILW disposal site. 3.4 4
>4 5
>2000 1
. . . 1000-2000 2
Population density The [4] was used to classify the 500-1000 3
(per sq. km) population density sub-criterion. 100-500 1
0-100 5
0-1 0
>10 1
iay) |Medium-broad road The [4] was used to classify the 8-10 2
chgg;ﬁié al and railway [km] medium-broad road and railway sub-criterion. 5.5-8 3
3-5.5 4
1-3 5
0-0.5 0
. . . o >7 1
Like the medium-broad road and railway a buffer distance 5.7 2
Narrow road [km] |of 0.5 km was considered as an excluded area for a narrow 35.5 3
road according to experts' judgment. e
2-35 4
0.5-2 5
0-0.5 0
The protection of cultural heritage from a RW repository 0.5-1 !
Monument [km] should be maintained [22]. Therefore, a 500 m buffer was 1-2 2
considered as an excluded area for the monument 2-3 3
sub-criterion. 3.4 4
>4 5
0-0.2 0
Electric power is an important facility meaning that the >4 1
distance to power transmission lines is a parameter to be 34 2
Power line [km] |  considered but very close to a transmission line ma; 23 3
increase risk associated with high-voltage [21]. Therefore, i
a 200 m buffer distance was assigned a rating of zero. 1-2 4
0.2-1 5
0-5 1
G d 5-10 2
rt(:]ljrlle [\:]/ﬁter The [4, 5] were used for the classification. 10-20 3
20-30 4
>30 5
0-1 0
Sit toari lake should b ided al 12 :
ites very near to a river or lake should be avoided along B
Hvdrol Sgrg"gce[l\zlrit]er with wetlands and marshes [21]. i 2 §
ydrology Y Grading was done according to [4]. 6-8 )
>8 5
Severe/moderate 0
flash/river flooding
Flooding Grading of this sub—criterionlvyas done using ref. and stei\ézges/ﬁggerate
[17, 23] and experts' judgment. Low flash/river 1
flooding
Not flood prone 5
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sub-criteria and grading used in the analysis. The crite-
ria, sub-criteria and grading of each sub-criterion were
specified according to the published reports as well as
experts' judgment based on environmental setting of
the region under study.

Geological criterion

The geological criterion comprises the earth-
quake sub-criterion. The earthquakes data from 1918
to 2019 were collected from the Bangladesh Meteoro-
logical Department (BMD). An earthquake with high
magnitude can hamper the entity and long term safety
of the waste disposal facility. The grading and suit-
ability map for the earthquake sub-criterion is illus-
trated in tab. 1 and figs. 2 and 3, respectively. Figures 2
and 3 indicates that Region-1 and Region-2 are safe in
regard to this sub-criterion for NSDF, respectively.

Climatological criterion

This criterion contains the wind speed and rainfall
sub-criteria. The point data of wind speed and rainfall
sub-criteria were collected from the BMD. Thirty- two
years (1988-2019) of point data both for wind speed and
rainfall sub-criteria were collected for this study but a
few stations had less than 32 years of data. According to
[17], the effect of unexpected extreme meteorological
conditions should be adequately considered in the de-
sign and licensing of the disposal facility. Therefore,
high wind speed and rainfall was graded as low. The
grading of this criterion was made considering the envi-
ronmental conditions of the study area and the interna-
tional practices (tab. 1). All sub-criteria of the climato-
logical criterion are spatially presented in figs. 2 and 3.

Pedological criterion

The pedological criteria consist of culti-
vated-vegetated land and forests sub-criteria. The
1:25000 scale vector data for these sub-criteria were
collected from the Survey of Bangladesh (SOB). Ban-
gladesh is mainly an agricultural country, therefore a
major part of the land is used as cultivated and vege-
tated land. Thus, cultivated and vegetated land, to the
extent possible, would be considered as unsuitable for
aradioactive waste disposal facility which is depicted
in figs. 2 and 3. The repository site should not be built
on a forested area [20], because this would create an
adverse effect on the environment and endanger spe-
cies. The grading of the forests sub-criterion was kept
the same as the grading used in continental scale
screening for the forests sub-criterion [4]. The grading
and suitability map for the forests sub-criterion is illus-
trated in tab. 1 and figs. 2 and 3, respectively.

Socio-economic criterion

The buildings-facilities-built up areas (area),
buildings-facilities-industries-institutions (Point), pop-
ulation density, medium-broad road and railway, nar-
row road, monument and power line sub-criteria forms
the socio-economic criterion. Institutions indicate gov-
ernmental, educational, religious and medical institu-
tions. The 1:25000 scale vector data of these sub-crite-
ria were collected from SOB. A published article has
considered buildings, industries, institutions and mu-
nicipal offices in the site selection process for high level
radioactive waste disposal [24]. Buildings, industries,
institutions and municipal offices indicates a populated
area. A waste disposal site away from a populated area
could increase public acceptance and decrease public
health risk. In this study buildings-facilities-built up ar-
eas and the buildings-facilities-industries-institutions
sub-criterion were considered separately because those
two sub-criteria were presented as an area and point re-
spectively. A waste disposal site in a densely populated
area increases the probability of a harmful effect on hu-
man beings. Therefore, the least populated area was
preferred in this study and graded with the highest
value. A waste disposal site next to a road and railway
would decrease security of the public and NSDF, on the
other hand away from a road and railway it could in-
crease the construction cost of the plant road. There-
fore, alto3 km buffer was considered as most suit-
able and 0 to 1 km as the excluded area for the
medium-broad road and railway sub-criterion. The nar-
row road sub-criterion was graded in the same way as
the medium-broad road and railway sub-criterion. Cul-
tural heritage includes monuments, therefore, a 500 m
buffer was considered as an exclusion area for the mon-
ument sub-criterion to protect the cultural heritage.
Buffer distance of 0.2 to 1 km and 0 to 0.2 km was con-
sidered as most suitable and an excluded area for the
power line sub-criterion because a waste disposal site
requires electricity but a power line too close to the dis-
posal site may create complications. All grading associ-
ated with socio-economic criteria is shown in tab. 1.
Figures 2 and 3 show all suitability maps calculated for
a different sub-criterion related to the socio-economic
criterion.

Hydrological criterion

The hydrological criterion will play an impor-
tant role regarding the siting of NSDF in Bangladesh
because of the elevated level of the underground water
table and a good number of surface water bodies. This
water is one of the important considerations that could
hinder long term safety of a disposal facility. The hy-
drological criterion has been divided into three
sub-criteria to attribute separate importance. The
1:25000 scale data of the surface water body sub-crite-
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Figure 2. Suitability maps of (a) earthquakes, (b) wind speed, (c) rainfall, (d) cultivated-vegetated land, (e) forests,

(f) buildings-facilities-built up areas (area), (g) buildings-facilities-industries-institutions (Point), (h) population density,
(i) medium-broad road and railway, (j) narrow road, (k) monument, (I) power line, (m) ground water table,

(n) surface water body, and (o) flooding sub-criteria for Region-1



K. N. Sakib, et al.: Regional Scale Screening of Selected Regions of Bangladesh to ...
Nuclear Technology & Radiation Protection: Year 2021, Vol. 36, No. 1, pp. 25-37 31

"

[0 (Excluded Area)

E= 1 (Completely Unsuitable)
Il 2 (Unsuitable)

B4 3 (Moderately Suitable)
[ 4 (Suitable)

B 5 (Most Suitable)

0255 10
Kilometers

(m) (o)

Figure 3. suitability maps of (a) earthquakes, (b) wind speed, (c¢) rainfall, (d) cultivated-vegetated land, (e) forests,

(f) buildings-facilities-built up areas (area), (g) buildings-facilities-industries-institutions (Point), (h) population density,
(i) medium-broad road and railway, (j) narrow road, (k) monument, (I) power line, (m) ground water table,

(n) surface water body, and (o) flooding sub-criteria for Region-2

rion was collected from SOB, besides 1:50000 scale as the groundwater table. Nine years (2010-2018) of
data for flooding was collected from the Water Re- groundwater table data were collected from the Ban-
sources Planning Organization (WARPO). The dis- gladesh Water Development Board (BWDB). A few

tance between the water table and the surface is known stations have less than nine years' data. The ground
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water table changes throughout the year, therefore, the
least value of the ground water table within 2010 to
2018 for each station was considered for safety. People
in Bangladesh excessively depend on underground
water for drinking and other purposes. Therefore, to
make the contamination of groundwater risk minimal,
a higher depth of the groundwater table was preferred.
Bangladesh is prominent for inland fish production
throughout the world. Plenty of surface water bodies
gives the opportunity for fish farming, irrigation,
household use and other purposes, therefore, the sur-
face water body was graded as an excluded area.
Floods in Bangladesh have become a common disaster
due to its geographical position. The flood-prone area
is not suitable for waste disposal and according to
some reports NSDF should be away from the flooding
[17, 23] zone. Therefore, severe and moderate flood-
ing areas in Region-1 and Region-2 were considered
as an exclusion area. Table 1 and figs. 2 and 3 show the
grading and suitability maps of the hydrological crite-
rion. Figures 2 and 3 represents a significant area of
the Region-1 and Region-2 as an excluded area or
completely unsuitable for the hydrological criterion.

Multi-criteria analysis

The MCA technique helps to make decisions
while working with severawl objectives [4]. The AHP
is one of the most common MCA methods used in this
study. The pairwise comparison and consistency test
are advantageous features of this method. In this study,
the relative importance weight of each sub-criterion
was evaluated using the AHP method. The pairwise
comparison of each sub-criterion with respect to oth-
ers was made on a scale 1 to 9, tab. 2, according to the
experts' opinion and published research [4, 25]. Table
2 shows the importance values used in the pairwise
comparison matrix (PCM), moreover 1.1-1.9,2.1-2.9,

Table 2. Preference values used in the AHP method [28]

3.1-3.9 etc. values were used to indicate intermediate
importance between 1-2, 2-3, 3-4 etc. The inconsis-
tency of the PCM was measured with the help of the
consistency ratio (CR) defined as

CI
CR=— 1
Rl (1
: : A max 11
Consistency index (CI) =—"—— 2)

where A 1,y 1S the principal eigenvalue and n indicates
the number of sub-criteria. The principal eigenvalue is
the sum of the products between the column total of
the PCM and the corresponding value of the weight.
The constant parameter RI is known as the random
consistency index. The RI;s indicates the value of RI
for fifteen sub-criteria and itis 1.59 [26]. The less than
10 % value of CR indicates consistency of the PCM
[27]. The calculated value of CR in the current study
has been found to be 0.03 % which indicates the appro-
priateness of the judgment.

After determination of the relative importance
weight and suitability map of each sub-criterion, the
overlay analysis was performed using the GIS based
simple additive weighting method. The formula uti-
lized in this method is as follows [25]

Sizéxywj 3)

where S; is the suitability index for area i, w; —the rela-
tive importance weight of the sub-criterion j, x;; — the
grading value of area i under sub-criterion, and n — the
total number of sub-criteria. The values of x;, tab. 1,
and wj, tab. 3, were utilized to calculate the suitability
index of the final suitability map, fig. 5. The lowest
and highest value of the suitability index were 1.989
and 3.30142, respectively, without the excluded area.
Figure 4 shows the excluded area and residual area of
the Region-1 and Region-2. This excluded area of Re-
gion-1 and Region-2 is comprised of the excluded ar-

Intensity of importance Definition Explanation

1 Equal importance Two activities contribute equally to the objective

3 Weak importance of one over another Experience and judgment slightly favor one
activity over another

5 Essential or strong importance Experience and judgment strongly favor one
activity over another

7 Demonstrated importance An activity is strongly favored and its

dominance is demonstrated in practice
9 Absolute importance The evidence favoring one activity over another is of the

highest possible order of affirmation

Intermediate values between

2,4,6,8 the two adjacent judgments

When compromise is needed

Reciprocals of the above
nonzero
value when compared with i

If activity i has one of the above nonzero
numbers assigned to it when compared
with activity j, then j has the reciprocal

A — Population density, B — Buildings-facilities-industries-institutions (point), C — Buildings-facilities-built up areas (area),
D — Ground water table, E — Earthquakes, F — Flooding, G — Surface water body, H — Medium-broad road and railway,
I — Cultivated-vegetated land, J — Monument, K — Forests, L — Rainfall, M — Narrow road, N — Power line, O — Wind speed.
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eas for all the sub-criteria. This residual area was di- v T T

vided to produce the final suitability map based on the N Reglon-1

equal interval classification of the suitability indexes. = A »

The final suitability map comprises six types of areas g1 g

such as excluded, most suitable, suitable, moderately q 4
suitable, unsuitable and completely unsuitable, fig. 5. . .

This regional scale screening as shown in fig. 5 El ) g
depicts different parts of Region-1 and Region-2 as an 8 ~ &
excluded area, most suitable area, suitable area, mod- i b ; )
erately suitable area, unsuitable area and completely § "A'_‘ &y'. e E
unsuitable area, which respectively, indicates 2046.07 & S5y &
km?, 29.147 km?, 42.022 km?, 5.97 km?, 0.036 km?, - ?-. {
and 0.0004 km? of the total area of Region-1 and z rolltl - z
651.162 km?, 3.107 km>2, 6.294 km?, 10.989 km?, 3 L Rt i 3
3.736 km?, and 0.022 km? of the total area of Re- o
gion-2. Waste disposal sites with a smaller area are not = 1 Kilom:l:rs )
economically acceptable [29]. In addition, Bangla- e e =N "= e
desh is currently interested in developing and operat-
ing a single disposal facility to safely hosting all RW BACE BUSE0TE
generated in the country [16]. Therefore, areas greater ; Fogon? E
than one square kilometer were considered as poten- & . H
tial sites for the further study. Figure 6 and tab. 4 show ) - " !
the potential sites map and details of the potential sites, ‘p - ‘
respectively. - ¢ :

The reconnaissance field survey, site character- - ; t - * -
ization and site confirmation need to be performed on £ i 3 v g
potential sites to identify the final disposal site. R t e, A A R

y lnq
CONCLUSIONS "
= 4 J ‘\ vyt z

Bangladesh is currently producing a small g 3
amount of RW. However, the amount will be drasti- R T ‘ <y &
cally increased in the near future after starting the op- - e - '
eration of the NPP currently under construction. The gl s i pRELE 1
proper management of RW including disposal is nec- Frrm— Frm
essary to ensure safety of the public, future genera-
tions and the environment. Disposal is considered as Figure 4. Excluded area and residual area map of
the final step of waste management activities. The suit- Region-1 and Region-2
Table 3. Pairwise comparison matrix and relative importance weights of the sub-criteria

Sub-criteria | A B C D E F G H I J K L M N O |Weights w;

A 1 1.1 1.2 1.3 1.4 1.4 1.5 2 2 22|25 |28 3 32 3.5 | 0.11428

B 0.91 1 1.1 1.2 1.3 1.3 14 | 18 | 1.8 2 23 | 25|27 3 3.2 | 0.10463

C 0.83 | 0.91 1 1.1 1.2 1.2 1.3 1.7 | 1.7 |21 22 |23 |25 | 28 3.1 | 0.09743

D 0.77 | 0.83 | 0.91 1 1.1 1.1 1.2 | 1.6 | 1.6 | 1.8 2 22 | 23| 24 | 2.6 | 0.08890

E 0.71) 0.77 | 0.83 | 0.91 1 1 1.1 14 |14 |16 | 17 2 2.1 | 22 | 23 | 0.08052

F 0.71 | 0.77 | 0.83 | 0.91 1 1 1.1 14 |14 |16 | 17 2 2.1 | 22 | 2.3 | 0.08052

G 0.67 | 0.71 | 0.77 | 0.83 | 0.91 | 0.91 1 13 13 |14] 16 |18 ] 19 2 2.1 | 0.07388

H 0.50 | 0.56 | 0.59 | 0.63 | 0.71 | 0.71 | 0.77 1 1 13112 14|15 1.6 1.6 | 0.05739

I 0.50 ] 0.56 | 0.59 | 0.63 | 0.71 | 0.71 | 0.77 1 1 13112 |14 15| 1.6 1.6 | 0.05739

J 0451 0.50 | 048 | 0.56 | 0.63 | 0.63 | 0.71 | 0.77 | 0.77 | 1 1.1 |12 13 1.4 1.5 | 0.04965

K 040|043 | 045 | 0.50 | 0.59 | 0.59 | 0.63 | 0.83 | 0.83 |0.91 1 1.1 | 1.2 ] 13 1.3 | 0.04592

L 036] 040 | 043 | 0.45 | 0.50 | 0.50 | 0.56 | 0.71 | 0.71 | 0.83| 0.91 1 1.1 1.2 1.2 | 0.04119

M 0.33 037 | 040 | 043 | 048 | 048 | 0.53 | 0.67 | 0.67 |0.77] 0.83 | 091 | 1 1.1 1.2 | 0.03854
N 031033 036 | 042 | 045 | 045 | 0.50 | 0.63 | 0.63 [0.71] 0.77 | 0.83 | 0.91 1 1.1 | 0.03583
0} 0291031 | 032 | 038 | 0.43 | 043 | 0.48 | 0.63 | 0.63 |0.67| 0.77 | 0.83 ] 0.83 | 0.91 1 0.03383

Amax = 15.006, CI = 0.00044, RI;s = 1.59, and CR = 0.00028 <<0.1
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Figure 5. Suitability map of Region-1 and Region-2
for the NSDF siting

ability of a disposal option for a country depends not
only on the types of RW but also on socioeconomic
conditions, available technology and safety features.

Near-surface disposal has been anticipated as
the preferred option for the disposal of LILW in Ban-
gladesh. Research activities have already been initi-
ated in this regard to find suitable sites for this purpose
[4]. This work is the continuation of the ongoing re-
search activities in the country as stated in the earlier
section of the manuscript.

Figure 6. Potential sites map of Region-1 and Region-2

The continental scale (in 1:1000000 scale) screen-
ing in the previous study identified six potential regions
(Region-1 to Region-6) which could be considered for
further analysis to find out suitable sites for near-surface
disposal facilities. From the six aforementioned regions,
Region-1 and Region-2 have been selected for the cur-
rent study based on some suitability criteria of these
two regions over others. Regional scale (mostly in
1:25000 scale) screening has been performed in the cur-
rent study with large scale data which provides precision
of the data and the study. This regional scale screening
identified 42.02 km? and 29.14 km? areas of Region-1
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Table 4. Nineteen selected potential sites from Region-1 and Region-2

Site number Region Category Latitude Longitude Area [km’]
1 Most suitable 23°3'18.24" 89° 58'16.83" 7.903979
2 Most suitable 23°2'43.05" 89°54'47.17" 2.969646
3 Most suitable 23°8'0.72" 90°3'2.9" 2.402077
4 Most suitable 23°3'3.75" 89° 56'28.21" 2.301824
5 Most suitable 23°5'16.17" 90°2'27.24" 1.774464
6 Most suitable 23°8'10.83" 90° 1' 46.48" 1.152137
7 Suitable 23°12'24.76" 89° 52'35.15" 4.923788
8 Suitable 23°8'16.86" 90°2'11.05" 3.879479
9 Region-1 Suitable 23°17'13.42" 89° 57' 54.62" 3.435391
10 Suitable 23°9'35.69" 89°54'9.71" 2.753719
11 Suitable 23°5'49.64" 90°2'12.35" 2.592529
12 Suitable 23° 7' 35.59" 89° 52'59.05" 2.494583
13 Suitable 22° 54'38.51" 89° 55' 23.85" 2.468154
14 Suitable 23°9'55.88" 89°57'42.2" 2.198926
15 Suitable 23°3'49.05" 89° 56'20.77" 2.043595
16 Suitable 23°10' 57.36" 89° 55'49.04" 1.921544
17 Suitable 23°2'3591" 89°58'52.17" 1.255698
18 . Suitable 23°16' 57.55" 88° 46' 56.81" 1.689431

Region-2 ;
19 Suitable 23°27'37.01" 88° 53'41.09" 1.550514

and 6.29 km? and 3.10 km? areas of Region-2 as suitable
and most suitable, respectively. Nineteen potentials sites
with areas of 7.90 km? to 1.15 km? were identified for
further analysis from these suitable and most suitable ar-
eas.

As mentioned earlier, the current study is the
continuation of the previous research work designed
to find potential disposal sites for the disposal of
LILW. The GIS and the MCA method were applied to
screen Region-1 and Region-2 to find potential sites.
The current research work is the first of this type that
has been performed in the country. The current meth-
odology also has been applied for the first time in the
case of Bangladesh to find out potential sites for the
construction of a disposal facility for RW. Thus this re-
search work will pave the way for the policy makers to
resolve the RW disposal problem in Bangladesh.

The current study has been conducted based on a
well-established methodology and the results are pre-
cise, however, it may be done using a different meth-
odology as per requirement. The success of such stud-
ies is dependent to some extent on the input data
collected from various sources. A field survey should
be implemented on these nineteen potential sites to se-
lect preferred sites for a further and rigorous study.
Characterization of the preferred sites is necessary to
get more specific data of the sites in order to confirm
and identify a final and a standby site for the construc-
tion of a NSDF.
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Konpokap Hazamyec CAKUB, Mpa. Aoy XAJIAEP, Mn. Uppuc AJINA,
Heoacum ITAYJIL, Mn. lllax AJTAM

NMPNKA3 CKPUHUHI'A OJABPAHUX OBJ/IACTU BAHIJEJIEIIA PAIU
NIEHTUOUKAIINIE INIOTEHIINJAITHNX MECTA 3A OJJIATAIBE
PAINOAKTUBHOI OTITIAJA HUCKOI 1 CPEJILET HUBOA

Opnarame paluOakKTUBHOT OTMHAja MOCTallo je BUTAJIHO MHUTamke 3a banrmapeni, jep 3emiba
aKTHBHO paju Ha Tome fa fo 2023-2024. ropune Oyjie psKaBa Koja ympaBiba HYKIIEaPHOM €JIEKTPAHOM.
Ogaj paj Tpeba fa npuKaxe NOTEHIIUjalHe JOKalHje MOCTPOjeha 3a MOBPIINHCKO Oylarame, kopucrehu
codTBep reorpackor MH(POPMANUOHOT CHCTEMa W METOAY BHUIIEKpHUTEpHUjyMcke aHanuse. Panmje je
uaeHTudukopano mect peruoHa (Pernon-1 go Pernon-6) TOKoM Bpiliea CKPUHUHIA KOHTHHEHTATHUAX
pasMepa Ha 1esoj TepuTtopuju baHrnagema. Y cafallmboj CTYAUjH U3BPILIEH jeé CKPUHUHT PETHOHATHUX
pasMmepa y Peruony-1 u Peruony-2, xopucrehu net xpurepujyma y aHajdu3u NOJE/bEHUX y IMETHAECT
HOTKpPUTEPHUjyMa: 3eMIbOTpecH, Op3umHa BeTpa, kuile, oOpabeHo u 3acabeno 3emubminTe, mHIyMe,
3rpajie-o00jeKTU-UHy CTpUje-UHCTUTYLIUje, FYCTUHA HaCeJbeHOCTH, CPEEe IIIMPOKY IIYTEBY U XKEJIe3HULA,
YCKH IYTEBHU, NANE€KOBOJHM, MOA3EMHE BOJie, HOBPUIMHCKO BOAHO TENO U MOIaBe. Mamna MmorogHocTd u
HOHJIEpUCAkE pENaTUBHE Ba’KHOCTU OBUX IOTKPUTEpHUjyMa YTBPHEHU cy NPUMEHOM reorpacgckor
nH(MOPMAIMOHOT CUCTeMa M METOfe BUIIEKPHUTEpUjyMCKe aHanu3e. VI3BpIlleHa je aHaiu3a ca MamamMa
MOrOHOCTH CBAKOT MOTKPUTEPUjyMa M YCTAHOB/bCHA je KOHAYHA Kapra morogHoctn Permona-1 m
Peruona-2. OBe Marne orofHOCTH MOJIe/beHE CY Y IIECT KaTeropija noapy4ja: HCKIbyueHa, HajIoro/iHuja,
TMOrOJIHA, CPEJIEE MOTOjJHA, HEMOrOHA U NOTIYHO Henorofsa. Ol HajHOTrOHAJUX U MOFOJHUX MOAPYYja
ueHTU(UKOBAHO j€ IeBeTHAECT MOTEHIUjaJIHU JIOKAIKja ca MAKCUMAJTHOM I MIHUMAJTHOM MOBPIINHOM Off
7.90 km? 1 1.15 km?. Ha oaGpaHuM NOTEHIUjaTHAM JIOKaL@jaMa NOTpeOHa Cy leTa/bHa HCIUTHBAba Ha
TEepeHy M KapaKTepusalyje JoKanuje paju ofadrpa KOHAYHOT Of1arajullTa HUCKOT U CPEJHEr HUBOA
PaJluOAKTUBHOT OTINAfIA.

Kwyune peuu: paouoakiiusHu oitiilad, 00aazarbe Ha o8puiuHU, U3bop aokauuje, zeozpagcku
UHOPMAUUOHU CUCTTIeM, METUO0a BULLEKPUTTIEPUJYMCKe aHAAU3e




