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ABSTRACT: The volume of solid waste has immensely increased over the last decades in Kathmandu Valley (KTMV), 
the main urban center of Nepal. The Sisdol site was initially developed as a sanitary landfill site in 2005 to accommodate 
only 150 thousand tons of municipal solid waste (MSW) for 2.5 years however it received more than 3 million tons (~6 
million cubic meters) of MSW over the period of 14 years until it turned into a vulnerable dumpsite. When extending more 
than 300 m horizontal distance, about 80 m high waste dump has already been reached, which created multiple problems 
in surrounding areas. Therefore, a slope stability analysis of the waste dump was carried out using SLOPE/W before 
designing the post-closure and land utilization plan of the dumpsite and surrounding area. The factor of safety (FoS) was 
calculated in three different critical sections of the dumpsite for both static and seismic loading cases. The FoS obtained in 
sections for the earthquake loading case confirms the slope of the waste dump seems unstable, which is also in compliance 
with the observation made at the site. The findings of the slope stability analysis in this study indicate the risk of sliding of 
the dumpsite along the road connecting the new Bancharedanda Landfill, which needs to be minimized with proper 
stabilization measures before post-closure and sustainable utilization of land in the Sisdol dumpsite. 
 

RÉSUMÉ: Le volume de déchets solides a énormément augmenté au cours des dernières décennies dans la vallée de 
Katmandou (KTMV), le principal centre urbain du Népal. Le site de Sisdol a été initialement développé comme site 
d'enfouissement sanitaire en 2005 pour accueillir seulement 150 000 tonnes de déchets solides municipaux (MSW) 
pendant 2,5 ans, mais il a reçu plus de 3 millions de tonnes (~ 6 millions de mètres cubes) de MSW au cours de la période 
de 2005. 14 ans jusqu'à ce qu'il se transforme en une décharge vulnérable. En s'étendant sur plus de 300 m de distance 
horizontale, on a déjà atteint une décharge d'environ 80 m de haut, ce qui a créé de multiples problèmes dans les zones 
environnantes. Par conséquent, une analyse de stabilité de la pente de la décharge a été réalisée à l'aide de SLOPE/W avant 
de concevoir le plan de post-fermeture et d'utilisation des terres de la décharge et de ses environs. Le facteur de sécurité 
(FoS) a été calculé dans trois sections critiques différentes de la décharge pour les cas de chargement statique et sismique. 
Le FoS obtenu par coupes pour le cas de chargement sismique confirme que la pente de la décharge semble instable, ce qui 
est également conforme à l'observation faite sur le site. Les résultats de l'analyse de stabilité des pentes dans cette étude 
indiquent le risque de glissement de la décharge le long de la route reliant la nouvelle décharge de Bancharedanda, qui doit 
être minimisé par des mesures de stabilisation appropriées avant la post-fermeture et l'utilisation durable des terres de la 
décharge de Sisdol. 
 
Keywords: Dumpsite stability; municipal solid waste; leachate; post closure; SLOPE/W. 
 

 
1 INTRODUCTION 

Solid waste management (SWM) has become a major 
concern for municipalities of developing countries, 
like Nepal. With rapid and uncontrolled urbanization, 
lack of public awareness and poor management by 

municipalities has intensified environmental 
problems in towns of developing countries, where 
waste management is still limited to inadequate 
disposal (dumpsites on non-sanitary waste disposal 
sites) (Kaza et al., 2018; Ferronato and Torretta, 
2019; Ma et al., 2022). For example, the 18 
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municipalities of Kathmandu Valley (KTMV), the 
main urban center of Nepal generates 1,262 tons per 
day (t/d) of municipal solid waste (MSW), roughly 25 
percent of total MSW of Nepal, and 15 percent of 
KTMV's MSW is still uncollected (World Bank, 
2023). At present, more than 800 tons/day of MSW 
from KTMV is being disposed of at the Sisdol 
dumpsite, which is about 63 percent of total produced 
solid waste (World Bank, 2023). The site was 
initially developed as a short-term sanitary landfill 
site in 2005 for two and half years as shown in Figure 
1a. However, in the name of the capacity extension, 
waste was disposed of without a liner, leachate 
collection, treatment facilities and landfill gas 
management facilities for nearly 14 years until it was 
turned into a highly unstable vulnerable dumpsite as 
shown in Figure 1b (Pathak and Shahi, 2021). 

Dumping of solid waste in non-engineered 
landfills is very common in developing countries. It 
generates leachate, a toxic by-product that can 
migrate into surface water and percolate into the 
groundwater (Costa et al., 2019; Ma et al., 2022). As 
the dominant waste fractions in the cities of 
developing countries is organic waste with high 
moisture content, it has more leachate generation 
potential (Zairi et al., 2014). Moreover, poor surface 
water management also adds the leachate volume 
significantly in such a dumpsite. A similar case can 
be observed in the Sisdol dumpsite, where the spring 
water sources were not diverted during the expansion 
of the dumpsite area and hence entered into the 
dumpsite, which is not only deteriorating the water 
quality and surrounding environment (Figure 1c) but 
also leads instability and sliding failure in dumpsite 
due to increase of pore pressure, increase unit weight 
and decrease the strength of body of waste. 

Slope failure in MSW dumpsites is a common 
environmental disaster that poses serious ecological 
and health risks (Shu et al., 2022). In several cases 
poorly designed and operated landfills without 
considering several aspects of MSW mechanical 
behavior have caused landfill failures. The landfills 
of Rumpke in the USA (Zekkos, 2005), Dona Juana 
in Columbia (Caicedo et al., 2002), Payatas in 
Philippines (Merry et al., 2005) and Leuwigajah 
dumpsite in Indonesia (Koelsch et al., 2005) are 
examples of such catastrophic events, which doesn‘t 
only cause heavy economic losses and human 
casualties but also create immense sources of 
environmental pollution. A similar situation may 
have happened in the Sisdol dumpsite, which needs to 
be analysing the slope stability of the dumpsite before 
severe consequences in the surrounding environment. 
As the Sisdol dumpsite has already been saturated 

and overloaded, its post-closure management is 
needed and should be carried out soonest possible. 
 

 
(a) 

  
(c) (b) 

Figure 1. Sisdol Landfill site before operation in 2005(a), 

Existing situation of Sisdol dumpsite (b), Leachate flow at 

Sisdol dumpsite (c)(Source: SWMTSC/GoN). 

 
For post-closure management, stabilizing the steep 

slope of the Sisdol dumpsite is required. Therefore, 
this paper applies the SLOPE/W to carry out the 
slope stability analysis of the Sisdol dumpsite. For 
this purpose, we calculated the factor of safety (FoS) 
in three critical sections of the waste dump for both 
static and seismic cases using the procedures of slices 
method as described by Morgenstern-Price. 

2 METHODS 

2.1 Study Area 

The dumpsite is located at Ward 2 of Kakani Rural 
Municipality about 18 km north-west from 
Kathmandu city centre, which is located very close to 
the Kolpu River. 

Figure 2 shows the status of the Sisdol dumpsite 
before the start and after operation over the period of 
2003 to 2022. When extending nearly 300 m 
horizontal distance, more than 80 m vertical height 
has already been reached. Moreover, there is an 
access road to connect the Bancharedada landfill site, 
a new landfill site about 3 km from this dumpsite. 
About 200 m length of road section lies on the 
existing dumpsite. Based on the topographic map of 
the original ground, it seems about 20m to 25 m 
compacted old solid waste fill below the existing 
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(a) 
 

(b) 

 
(c) 

 
(d) 

Figure 2. Google image showing status of Sisdol 

dumpsite before and after operation over the period of 

2003 to 2022-October, 2003- before construction (a), 

April 2010 (b), October, 2014- extension of dumpsite (c), 

November, 2022- turned into highly vulnerable dumpsite 

(d). Red line is boundary of dumpsite. 

 
access road as shown in Figure 2d. In addition to 
this, the road is further critical due to the steep slope 
of the solid waste dump above access road. The 
protection of a slope of about 80 m high solid waste 
dump above the access road is very important for 
the use of this access road in an uninterrupted way 
for a long time. 

2.2 Topographic survey of an existing 
dumpsite 

A detailed topographic survey was conducted using a 
total station to capture and record the topography of 
the dumpsite together with both manmade and natural 
features which enabled in carrying out detailed 
assessment of slope failures of dumpsite and roadside 
slope. 

2.3 Slope stability analysis of dumpsite 

The geometry of the dump changes continuously due 
to the decay of organic materials, degradation of 
inorganic solids, and addition of waste daily. The top 
part is a relatively unconsolidated mix of waste and 
soil, whereas the bottom layer consists of the slightly 
consolidated and degraded solid waste mixed with 
soil. The slope stability issues on the Sisdol dumpsite 
are analyzed using SLOPE/W for both static and 
seismic loading cases as the study area is highly 
vulnerable to earthquakes. It was carried out in the 
three different critical sections as shown in Figure 3. 
 

 
Figure 3. Topographic map of Sisdol dumpsite and three 

critical sections for stability analysis. 

 
The geometry for the stability analysis is prepared 

based on the recent survey conducted on the 
dumpsite. In the Sisdol dumpsite, the MSW was 
disposed of from 2005 and deposited till 2007 to 
reach about 20 m high before its closure. In 2011, 
disposal of MSW again was continued at the same 
place due to the lack of alternative disposal sites and 
extended till 2022 to reach its total height of up to 80 
m. Therefore, the dumpsite in the model has been 
divided into four layers, including the geological 
layer, depending upon the age of deposited MSW 
(Table 1). 
 
Table 1. Summary of soil properties used in stability 

analysis of dumpsite. 

Solid waste 
layer 

Unit 
Weight 
(kN/m3) 

Eff. 
Cohesion, 
c’ (kPA) 

Eff. 
Friction 
Angle 
(ϕ’) 

Top layer (<20 
m) 

8.6 29.1 15 

Middle layer 
(20 m - 50m) 

12 18.3 22 

Bottom Layer 
(>50m) 

14 17 32 

Geological 
layer  

18 12 38 

 
As no geotechnical explorations are carried out 

during this study, literature review and experience 
with similar waste materials of similar regions have 
been used to adopt the pertinent shear strength 
properties and unit weight of the MSW (Feng et al., 
2017; Machado et al., 2010; Ramaiah et al., 2017; 
Iqbal et al., 2022). Feng et al. (2017) reported that the 
friction angle and cohesion varied from (15.7 
degrees, 29.1 kPa) to (21.9 degrees, 18.3 kPa) as the 
depth increased from 4 to 16 m, while the unit weight 
increased from 7.2 and 12.5 kN/m3. According to 
Ramaiah et al. (2017), with the aging of the solid 
waste, a decrease in cohesion and an increase in 
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friction angle were observed in the MSW samples 
collected from the Ghazipur and Okhla dumps at 
Delhi. The shear strength of the MSW obtained in the 
above studies was lower than the reported values in 
developed countries because of the less fibrous 
materials and more organic materials in the MSW in 
the cities of developing countries, which is a similar 
case in our context and very relevant to use these 
geotechnical properties of MSW for stability analysis 
of Sisdol dumpsite. 

3 RESULTS AND DISCUSSION 

3.1 Existing situation of Sisdol dumpsite  

Google imagery and field observations show nearly 
300 meters of extension from the center of the 
previous landfill site. Although the government 
initially developed a sanitary landfill site to 
accommodate only 150 thousand tons of MSW for 
2.5 years, it received more than 3 million tons (~6 
million cubic meters) of MSW over 14 years (Figure 
4) until turning into a vulnerable dumpsite. Disposal 
of an immense volume of MSW with high organic 
fractions and poor operation of the Sisdol dumpsite 
not only polluted water and soil in surrounding areas 
but also adversely affected the people in nearby 
communities due to the unpleasant odor and diseases 
borne vectors from the dumpsite. 
 

 
Figure 4. Annual and cumulative volume of MSW disposed 

at Sisdol dumpsite over 14 years period. 

 
 
 
 
 
 
 
 
 

NAST (2020) reported a high concentration of 
toxic metals (heavy metals) such as arsenic and 
cadmium. The reason for the maximum arsenic and 
cadmium concentration in surface water may be 
probably due to the direct discharge of leachate in the 
river (Kolpu River). Similarly, BOD and COD values 
have also significantly increased from 2009 to 2018 
in the leachate of the Sisdol dumpsite. Amano et al. 
(2021) also reported high levels of Cadmium (Cd) 
and turbidity in surface and groundwater sources 
within the surrounding area of the waste landfill site 
in Kumasi, Ghana. The test results of soil samples 
near the Sisdol dump site also reveal that cadmium, 
lead, and nickel in the soil are beyond the 
recommendations required for agricultural land. 

3.2 Findings of stability analysis 

The result of the stability analysis is presented in 
Figures 5(a-g) for two cases using MSW shear 
strength parameters respectively. During the 
monsoon season, after MSW gets saturated mass 
movement has been frequently observed. 

As shown in the following figures, the slope 
profiles under static loading conditions seem stable 
since FoS is above 1 for all sections. And, for 
section-2, the FoS is higher than 1 even in seismic 
loading case. However, FoS in the section-1 and 
section-3, the FoS for the seismic loading case is less 
than 1, indicating unstable during earthquake, which 
is also in compliance with the observation made at 
the site. 
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Over the last few years, there was a frequent slope 

failure along section-3 in line with the modelling 
results. This supports the assumption of the materials 
parameters of the landfill material for stability 
analysis. However, the properties of dump materials 
change with depth and time. The geometry of the 
slope modelled may change in a short time span. A 
detailed geotechnical analysis is required to evaluate 
the exact geotechnical and other field properties of 
solid waste layers in different depths and locations of 
the Sisdol dumpsite for precise stability analysis 
which helps for both stabilizing road section on the 
existing dumpsite and sustainable post-closure plan. 
The slope stability analysis in this study indicates the 
risk of sliding the dumpsite along the road connecting 
the new Bancharedanda landfill site, which needs to 
be minimized with proper stabilization measures 
before post-closure and sustainable utilization of land 
in the Sisdol dumpsite. 

4 CONCLUSIONS 

This paper assessed how a sanitary landfill site has 
been gradually turned into a highly vulnerable 
dumpsite over the period of 2005 to 2022 with the 

help of satellite images, field data and observation. 
The adverse impacts on agricultural land, water and 
the surrounding communities due to poorly managed 
dumpsites were assessed. Moreover, slope stability 
analysis of the Sisdol dumpsite was also carried out 
using the limit equilibrium software, SLOPE/W from 
Geostudio before developing post-closure and land 
utilization plans for the dumpsite and surrounding 
area. The factor of safety obtained at the section 
(section-1 and section-3) with a steep slope seems 
unstable. In recent years there was a slope failure 
along the same section indicated by modelling 
results, which supports the assumption of the 
properties of waste materials in this study. However, 
detailed investigations for the evaluation of the 
geotechnical properties of materials in waste dumps 
are recommended. 

The slope stability analysis in this study indicates 
the risk of sliding the dumpsite along the road 
connecting the new Bancharedanda landfill site. The 
risk should be minimized with proper stabilization 
measures along the slope profile as well as within the 
road itself. The steep slope at the hillside of the road 
as in the critical section should be trimmed to flatten 
the slope. The flattened slope should be supported by 
a gabion wall at the toe and a series of wooden or 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
Fresh MSW (top layer) 

 
Partially decomposed MSW (middle layer) 

 
Old MSW (bottom layer) 

 
Natural ground (geological layer) 

Figure 5. Stability analysis at different critical sections of the Sisdol dumpsite using Morgenstern-Price method-Factor of 

Safety (FoS) at section-1 for static loading case=1.37 (a), FoS at section-1 for seismic loading case=0.89 (b), FoS at 

section-2 for static loading case=1.96 (c), FoS at section-2 for seismic loading case=1.28 (d), FoS at section-3 for static 

loading case=1.52(e), FoS at section-3 for seismic loading case=0.96 (f). 



concrete posts are to be driven to reinforce the outer 
layer of the waste fill before post-closure design. 
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