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Abstract.

The aim o f this project is to identify a suitable site fo r  radioactive waste repository in Pahang using remote sensing and 
Geographical Information System (GIS) technologies. There are ten parameters considered in the analysis, which 
divided into Selection Criteria and Exclusion Criteria. The Selection Criteria parameters consists o f landuse, rainfall, 
lineament, slope, groundwater potential and elevation while Exclusion Criteria parameters consist o f urban, protected 
land and island. Furthermore, all parameters were integrated, given weight age and ranked fo r  site selection evaluation 
in GIS environment. A t the first place, about twelve sites have been identified as suitable sites fo r  radioactive waste 
repository throughout the study area. These sites were further analysed by ground checking on the physical setting 
including geological, drainage, and population density in order to finalise three most suitable sites fo r  radioactive waste 
repository.

Abstrak

Projek ini dijalankan bertujuan untuk mengenalpasti kawasan sesuai sebagai tapak pelulusan sisa radioaktif di Pahang 
menggunakan teknologi remote sensing dan System Maklumat Geografi (GIS). Sebanyak sepuluh parameter yang 
dibahagikan kepada dua bahagian iaitu Kriteria Pilihan dan Kriteria Bukan Pilihan telah dipertimbangkan. Kriteria 
Pilihan terdiri daripada gunatanah, taburan hujan, lineamen, cerun, potensi air tanah dan ketinggian manakala Kriteria 
Bukan Pilihan terdiri daripada bandar, tanah dilindungi dan pulau. Seterusnya, semua parameter tersebut telah 
digabung, diberi pemberat dan diberi keutamaan untuk penilaia di dalam sekitaran GIS. Sebanyak dua belas kawasan 
telah dikenalpasti sebagai kawasan sesuai di seluruh kawasan kajian. Kawasan-kawasan tersebut kemudiannya 
dianalisis secara lawatan lapangan bagi menentukan kedudukan fizikal seperti geologi, saliran dan kepadatan penduduk 
bagi mendapatkan tiga tapak terbaik yang boleh dicadangkan sebagai tapak pelupusan sisa radioaktif.

Keywords: Geographic information System (GIS), Low level radioactive waste (LLW), sensitivity analysis (SA), 
Weighting System Analysis
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INTRODUCTION

Radioactive waste can be identified as waste types containing radioactive chemical elements that do not have a practical 

purpose. While Malaysia has no nuclear power producing electricity, it does have usage of isotopes in medicine, research 

and industry, which produced “low level waste”. This type of waste contains low level of radioactivity per mass or 

volume and only slightly contaminated but still dangerous in case of radioactive contamination of a human body through 

ingestion, inhalation, absorption, or injection.

Nuclear Malaysia Agency (Nuclear Malaysia), the department conducting research and development of nuclear 

technologies in Malaysia was given responsibility to do survey for potential sites as well as design and build national 

radioactive repository for long-term solution of Radioactive. Waste Management programme. This task, however, not 

only involved Nuclear Malaysia but also other departments consist of Public Work Department, Malaysian Centre for 

Remote Sensing (MACRES) and Department of Minerals and Geoscience, Malaysia. This paper will discuss on the 

potential site selection using G1S technology based on selected criteria by combining multiple maps introduced by 

Graeme Bonham-Carter (1994) using ArcGIS Software.

The objective of this study is to develop a method to screen, identify and characterise potential sites for nuclear waste 

disposal facility in Pahang, Malaysia.

Figure 1: Location of the study area
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1.0 Criteria for Site Selection

Nuclear waste repository siting needs to consider many factors, and site selection refers to process of selecting a suitable 

location for the facilities. It is an international good practice to do site survey for potential repository before further steps 

can be undertaken to ensure the storage built will not endangered due to geological, hidrogeological, human-induced 

events or environmental factors. Establishment of criteria for this study was driven from many references including 

Chuang, et al., (2006), Huang et al., (2006), and Risoluti, et al., (1999), as well as understanding environmental setting of 

the study area based on researcher’s judgment. The criteria can be divided into two; parameter selection and exclusion 

criteria.

2.1 Parameter Selection

• The repository site should.be build in area with less vegetation

® The repository site should be constructed on clay-rich soils

• The repository site should be located on an area with low precipitation

•  The repository site should be built on an area of low landslide potential as well as low density of lineament

• The repository site should be located on a terrain with a slope between 15 to 26 degrees to prevent erosion

• The repository site should be constructed on an area which less influence of groundwater in order to restrict the 

transport of radionuclides

• The repository site should be constructed on elevated area between 50 to 300 meters from mean sea level which 

considered as area free of flooding

2.2 Exclusion Criteria

• The repository site should not be located within 5 km distance from urban area

• The repository site should not be built on protected land area, which has economics and security values. The site, 

therefore, should not be built on forested, national parks and surface water bodies

• The repository site should not be built on island due to public concern regarding the sea transport of waste might be 

expected.

3.0 Data Processing and Analysis 

3.1Wei}*hting System Analysis

In this section, all required data for site selection were analysed and reclassified before appropriate weight value given. 

Each class in every layer were assigned either as an output value of 0 or 1 for bitmap known as “Boolean Analysis” or 

weight between 1 (lowest) to 10 (highest) in “Binary Evidence Analysis”. The value assigned for each class of every 

parameter was based on their suitability for radioactive waste repository and must followed all criterions fixed in the early 

study

The landuse classes have been identified from Landsat TM data followed by fieldwork prior this study. Maximum 

rating has been assigned to areas classified as “cleared land” and “grass land” as less vegetation and less populated area 

more suitable for the location of a radioactive waste repository. On the other hand, tea plantation area where this state is 

the most important tea producing in Malaysia, has been given lower weight value for its economic consideration.
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As being in tropical countries with wealth precipitation throughout the year, surface process should be evaluated so as 

to decrease the amount of runoff that could erode, infiltrate or inundate the facility. Higher weight values have been given 

to area with precipitation below than 1000 mm/year and clay-rich soils as this type of soil relatively impermeable. The 

areas between 50 to 300 meters from mean sea level have, also been given the higher weight value as these areas are 

considered free from flooding. Lower weight values have been given to areas with precipitation more than 3000 

mm/year, sandy soil and elevation below than 50 meters.

The only possibility for any leaked liquid to be mobilised from the repository depends on the hydrodynamic and 

hydrochemical characteristics of the aquifer. A weighting system has been adopted for geological formations and 

hydrogeological potentials represented in the Geological Map of Malaysia and Hydrogeological Map of Malaysia, 

respectively developed by the Department of Minerals and Geoscience, Malaysia. Furthermore, lineament density and 

geomorphology generated from visual interpretation of satellite imagery have also been taken into account as important 

factors in possibility of any leaked liquid mobilisation. The weighting system considers the transport processes taking 

place below groundwater level. These processes are basically occurs between cracks along lineament and chemical 

reaction between rock and contaminants. Higher value have been consequently associated to lithologies such as granitic 

and metamorphic rocks, less lineament density, low potential of hydrogeology i.e less than 5 m'Vhr abstraction, and hilly 

landform. Lower weight value has been used to classify limestone and sandstone rocks, high lineament density, high 

potential of hydrogeology (more than 20 m3/hr abstraction) and areas within flood plain and alluvial plain.

The landslide potential has been taken it account for surface stability together with slope. In developing weighting 

system, areas with possibility of less then 40% landslide and slope between 15 to 26 degrees have been considered the 

most suitable site, for the low level radioactive waste repository in the study area. The 10 parameters involved, high 

weight value and low weight vaiue for classes in each parameters are listed in Table 1.

Table 1: Related Parameters, High Weight and Low Weight Values Classes

Factors Parameters High weight value{10) Low weight value(l)

Socio-economic Landuse Cleared land Tea Plantation

Geological & 
Hydrological

Geological 
Lineament Density 
Hydrogeology

Granitic, Metasediment
< 1000 m/km3
< 5 m3/hr

Marine sand
> 2000 m/km2
> 20 m3/hr

Surface Process
Rainfall
Soil
Elevation
Geomorphological

< 1000 mm/year 
Clay
50 -  300 m MSL 
Isolated Hill

> 3000 mm/year 
Sand
< 50 m MSL 
Flood Plain

Land Stability Slope
Landslide Potential

1 5 -2 6  degrees 
< 40% possibility

35 degrees 
> 90% possibility
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the most important tea producing in Malaysia, has been given lower weight value for its economic consideration.
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Table 2: Example Recommended weight value For landuse class

No. Class Description Weight

1. Tin Mines Area 1
2. Other Mines Area 1
3. Cocoa 5
4. Tea 3
5. Orchards 8
6. Diversified rops 8
7. Paddy 4
8, Shifting cultivation 7
9. Grassland 10
10 Scrub 9
11. Natural forest 1
1,2. Ponds and takes 1
13. Urban and associated area 1
14. Recreational area 1
15. Mixed horticulture 5
16. Market Gardening 6
17. Rubber 8
18. Oil palm 7
19. Coconut 4
20. Welland forest 2
21. Plantation forest 3
22. Bushland 9
23. Cleared land 10
24. Mangrove 1
25. Peat swamp forest 1
26. Aquaculture 1

Table 3: Example Recommended weight value for soil properties

No. Class Description Weight

1. Clay 10
2. Silty Clay 9
3. Clay Loam 8
4. Loam 7
5. Organic Matter 6
6. Sandy Clay 5
7. Sandy Clay Loam 4
8. Sandy Loam 3
9. Sand 2
10. Water 1
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Figure 1: Example Landuse and weighted Map of Pahang
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3.2 GIS Analysis

The evaluation of the overall suitability for low level radioactive waste in Pahang has been made by calculating a 

suitability index, SI. This index is mathematically expressed by the following weighted sum;

10

SI = 2  PXj
j=i

where P represents the 10 associated parameters with equal weight and X the related class weights for each parameter. 

The general structure of GIS analysis (named as Standard) is represented in Figure 2,

Figure 2: General Structure of GIS Analysis
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Result and Discussion

From the GIS analysis, the result shows that weight sum (WS) value ranging between a minimum of 35 to a maximum of 

91 as shown in Figure 2. The suitable area has been then divided into 5 equal classes and calculated in percentage for 

better understanding of total coverage for potential site. The result shows that only 7.8 % of total area corresponds to very 

high suitability class almost the same figure for very low suitability class. The low, medium and high classes score about 

27 to 29 %, respectively. The summary of the analysis is listed in Table 2.

Table 4: Summary of GIS Analysis for Potential Radioactive Repository Site

Suitability Class SI Area (%)

Very Low 3 5 -5 4 7.6
Low 5 4 -6 0 27.7
Medium 60 -  66 29.3
High 6 6 -7 2 27.6
Very High 72-91 7.8

In order to support decision maker in selecting potential sites, the map output has been reclassified into a very high 

suitability class but has area coverage of 10 km2. It is found that areas belonging to this category are located in Temerloh, 

Jerantut and Bukit Ibam scattered in the middle of the Pahang as shown in Figure 4. Most of the areas underlain by 

granitic or metasediment roeks with slope between 15 to 26 degrees.

International practices require radioactive waste repository facilities to be sited and constructed to minimise the 

chance that the waste could contaminate surface water or groundwater. As the study site located in tropical country which 

wealth of water, the output result has been verified by undertaking sensitivity analysis for these factors. In the first 

analysis (SA1 j, the rainfall parameter has been excluded from the calculation in order to understand the effect of surface 

water runoff, white the hydrogeology parameter has been excluded from the second analysis. The weight for socio

economic (landuse) factor, however, has been double for remaining the total of parameter weight as 10. The related 

parameters for standard and sensitivity analysis are listed in TableS.

Table 5: Related Parameters for Standard and Sensitivity Analysis

Factors Parameters Standard SA1 SA2

Socio-economic Landuse 1 2 2

Geological & 
Hydrological

Geological 
Lineament Density 
Hydrogeology

1
1
1

1
1
1

1
1

Surface Process
Rainfall
Soil
Elevation 
Geomorphol ogical

1
1
1
1

1
1
1

1
1
1
1

Land Stability Slope
Landslide Potential

1
1

1
1

1
1

Total 10 10 10 10
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The calculation for this sensitivity analysis (SA) can be presented as weighted sum of

10

SA = IPjXj

where P represents the associated parameters and weight of P may change, and X the related class weights for each 

parameter involved.

The statistical analysis shows that the very high and high suitability classes are not much different on effect of 

rainfall except increasing of very low suitability class into double. Contrary, without hydrogeology parameter the high 

suitability class dropped from 27.6 % of the total area to only 7.9% and increasing drastically the low suitability area 

coverage from 27.7% to 43.8%. It is assumed that the groundwater system gives significant impact on sitting radioactive 

repository facility in the study area.

Table 6: Suitability Classes for Standard and Suitability Analysis

Suitability Class Standard (%) SA1 (%) SA2 (%)

Very Low 7.6 15.7 17.9
Low 27.7 30.9 43.8
Medium 29.3 23.6 22.3
High 27.6 22.3 7.9
Very High 7.8 7.6 6.1

Figure 3: The Suitability Sites for Radioactive Waste Repository in Pahang, Malaysia 

Suitable Sites for Radioactive Waste Repository 
Pahang, Malaysia
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Figure 4: The Potential Sites for Radioactive Waste Repository in Pahang, Malaysia

Potential Sites for Radioactive Waste Repository 
Pahang, Malaysia

CONCLUSION

This study provides a methodology to survey potential site for a low level radioactive waste repository in State of Pahang 

using remote sensing and GIS technologies. There are large of multi-sourcing data represent socio-economic, geological 

and hydrogeological, surface process, and surface stability utilised for assessing and characterising the suitability of 

potential sites. A weighted sum overlay method is applied to combine the 10 parameters after each class ranked to the 

important and constrains. By analysing the potential area with coverage area of 10 km2, it is useful for decision maker 

select most suitable site. The sensitivity analysis is also undertaken in this study, which concluded that groundwater 

factor must be considered in sitting radioactive waste repository in tropical countries like Malaysia.
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