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Executive Summary  

Thimphu, the capital, and the biggest, city of Bhutan, is situated at the western central part of Bhutan. 

The city is spread out laterally in a north-south direction on the east -west bank of the valley formed by 

Wang Chuu. The city stretches 15 km long & 3 km wide with the area of 26 Sq.km. Thimphu is an 

economic development hub of the country. It contributes to 45% of the countryõs GNP (Gross National 

Product). Since the inception of this metropolis in 1960, urban development activities have been rapidly 

increasing in this city. Thimphu Thromde is expanding at a very high rate compared to other parts of 

the country. The population of Thimphu city was 43,479 in 2001 and 114,551 according to PHCB 2017. 

By 2027, it will increase to 162,327 (Kezang et al., 2017). The annual urban growth rate of 4%-5% is 

therefore increasing manifold problems. Among them, stormwater drainage problem is one of the 

prominent ones.  

The Wang Chhu River which flows through Thimphu Thromde is named Thimphu Chhu which is the 

principal river of the Wang Chhu basin, one of the four principal river basins in the country. The river 

flow varies from a low of 3 to 5 m 3/s in January/February, to around 135m3/s in some years in 

August/September. Several numbers of tribut aries join and discharge into this river collecting surface 

runoff of the city through natural gullies and storm drains. The general land cover map (2010) of Bhutan 

shows that urban area is the dominant land use in the Thimphu Thromde covering 44% of the area, 

along with 33% forest and vegetation, 19% open space, 3% waterbodies and only 1% agricultural land. 

A recent study revealed that 13% urban area has been increased since 1990 to 2010 mostly reducing 

shrubs area and slightly reducing forests cover (-0.73%) and agricultural land (-1.5%). However, built up 

areas have substantially increased in course of time since 2010 and found 35% increase of settlements 

during last 8 years from 2013 to 2020.  

The city is facing the storm water drainage problem very frequently due to a lack of coverage of network, 

loss of connectivity, inadequate capacity of existing urban drainage infrastructures, poor quality 

workmanship, lack of operation and maintenance work, poor planning with no outlet, lack of awareness 

of waste management etc. Drains constructed on an ad hoc basis are also not smooth and conducive 

for surface run-off, aggravating the situation. Some alignments also have discontinued drains along the 

roads, leading to overflow and deterioration of road con ditions. The changed policy decisions that 

allowed the number of floors and ground coverage to be increased triggered the problem, on most 

cases. In addition to the increased surface runoff from the population and booming ongoing 

constructions, high intensity rain attributable to climate change also puts extra pressure on the existing 

drainage infrastructure.  

Therefore, the Ministry of Works and Human Settlement (MoWHS) of the Royal Government of Bhutan 

through the Department of Engineering Services (DES) initiated the preparation of  an Integrated 

Stormwater Management Plan (ISWMP) which will meet future demands of Thimphu Thromde (2020-

2030). This plan would be the guiding tool for the decision makers aiming to alleviate the urban drainage 

problem and for the engineers to maintain the stormwater management system for the Thimphu 

Thromde in an efficient and sustainable way.   

The ISWMP (2021-2030) has set aspirations to achieve the Vision of Development of a Sustainable, 

Climate Resilient and Environmentally Sound Stormwater Management System for Thimphu Thromde and 

the Goal of Minimizing the Potential Threats of Urban Flooding and Protecting Natural Drainage Features 

Considering Urban Sprawl and Uncertainties of Climate Change by 2030.  

To achieve this vision and goal, the specific objectives considered are as follows:  
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¶ Assessment of adequacy of existing drainage system using SWMM modelling tool and 

stormwater management practices  

¶ Provide sufficient infrastructure capacity to meet the future needs of the Thimphu Thromde 

(2020-2030) ensuring protection of the natural drains and streams 

¶ Devise practically implementable economic and environmentally sound solutions 

incorporating Low Impact Development (LID) or Best Management Practices (BMP) 

This ISWMP has been formulated in such a way that the envisioned stormwater management system 

will offer deliberative response by the responsible authority in case of any interventions need to 

undertake. On the other hand, the SWM system will be stakeholder responsive to ensure desired services 

from the Thromde. ISWMP focused on devising strategies maintaining coherence with the development 

vision of the RGoB and formulating no or low regret, adaptive and robust measures to tackle future 

uncertainties pose by climate change. Inclusion of environment friendly LID measures in stormwater 

management practices will attribute efficiency and sustainability of SWM interventions and allow 

flexibility for incremental adaptation. The successful implementation of ISWMP will enhance urban 

resilience of the Thimphu Thromde through climate proofing of major SWM initiatives.  

The ISWMP has been formulated with very rigorous stocktaking and comprehensive technical analysis 

through SWMM modeling using US EPA SWMM tool. Recommendations and feedback of stakeholders 

i.e. local engineers and planners from the Thromde, engineers from DES and DoR, scientists from NCHM 

and community people have been taken into consideration throughout the plan preparation process. 

Future uncertainties of climate cange through dynamic downscaling and projected urban development 

scenario have got utmost importance to devise different alterntaives of SWM solutions. Field validation 

and manual cross check of design discharge estimation and adequacy checking has been performed to 

overcome of anomalies generated by the SWMM modeling and gain confidence on proposed measures. 

Finally strategies and measures have been prioritized from different alternatives taking preferences of 

experiences of local engineers from the Thimphu Thromde.   

The issues, challenges, and recommendations of the 12th Five Year Plan (2018-2023) and Thimphu 

Structure Plan (2002-2027) relevant to stormwater management have been explicitly considered for the 

preparation of ISWMP. The plan has considered the future anticipated issues and concerns of 13th Five 

Year Plan (2023-2028) to address future challenges with holistic and prudent strategies. The global 

agenda of Sustainable Development Goals (2030) has also been considered for setting the planning 

horizon and targets. The interventions have been proposed thus in three timeframes i.e. short term (until 

2023), medium term (2024-2030) and long term (beyond 2030). However, there would be provision of 

update and monitoring of plan in certain frequency, thereby th e targets have been set in line with the 

three major milestones i.e. by 2023, 2028 and 2030 inside the planning period 2021-2030 and beyond. 

Seven major targets have been set in this ISWMP which are: 

¶ Improved performance of existing drainage: 80% by 2023, 95% by 2028 and 100% by 2030. 

¶ Reduce site specific stormwater drainage infrastructure related problems completely by 2025. 

¶ Expansion of drainage coverage addressing future needs; 70% by 2023, 90% by 2028 and 100% 

by 2030. 

¶ Establish functional monitoring me chanism for stormwater management  by 2023. 

¶ Enhance urban resilience through establishing emergency response and recovery mechanism 

by 2028. 

¶ Strengthen human resources, institution, finance and coordination by 2025 and beyond.  
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¶ Promotion, popularize and Implementation of Low Impact Development measures by 2028. 

The climate change analyses carried out in this study reveals that, 

¶ Monsoon rainfall may change up to 15%-30% under RCP 4.5 and 20%-40% under RCP8.5 

by 2050s with respect to present climate. Additionally winter rainfall would decrease 

slightly. 

¶ Dry season may become dryer and highest maximum temperature may increase up to 1.5°-

2.3° C by 2050s and highest minimum temperature may increase up to 2.0°-3.2° C by 2050s 

considering both RCPs.  

¶ The intensity of short duration hourly rainfall would be increased from 25 mm/hr to 27 

mm/hr for 20 -year return period, 31 mm/hr to 37 mm/hr for 50 -year return period and 36 

mm/hr to 38 mm/hr for 100 -year return period under RCP8.5 and by 2050s due to climate 

change. This means that, 100-year return period hourly rainfall event would become 50 -

year return period event while 50-year return period event would become 20-year return 

period event in future days. 

Several principles have been set to formulate the strategies and conceptualization of measures, which 

are as following but not limited to:  

¶ Maintaining alignment with the national and international development agenda  

¶ Utilizing the existing resources and infrastructures  

¶ Principles and recommendations of Thimphu Structure Plan for future urbanization  

¶ Consideration of prevailing drainage pattern and characteristics  

¶ Promotion of Environment friendliness or low impact development  

¶ Innovative and IT based solutions  

¶ Consideration of deep uncertainties due to climate change or pandemic like COVID-19 

¶ Low cost, local materials oriented and durability 

¶ Sustainability 

¶ Standard SWMM Guidelines and Best Management Practices (BMPs) 

Based on these principles the strategies for the stormwater management have been set, which are:  

a. Promote Climate resilient, sustainable stormwater drainage system 

b. Promote Low Impact Development measures  

c. Ensure regular and periodic cleaning and maintenance of the stormwater drainage system  

d. Ensure cost-effective, nature-based and locally sourced solutions 

Following these strategies specific structural and non structural measures have been proposed. The 

structural measures include; Dimension increase and expansion of draiange structure, Construction of 

new drains in combination with LID measures, Changing type of drain (from L shape to Rectangular), 

Installation of stair/baffled drop structure with vegetation swale, Construction of catch pit at foothill 

outfall location, Construction of major drains instead of L -section, To use RCC drains with fixed cover 

along with changes in dimension for road crossing structure, Garbage Collection Sump, Drain top 

covered gutter, Periodic and Deep cleaning of drains before starting of monsoon season etc. The LID 

measures proposed include, Disconnecting rainwater from the roof and diversion , Low Cost Rainwater 

Harvesting, Reuse and Discharge through Infiltration Trench, Green landscaping, Increasing and 

maintaining natural vegetation in parks and oth er areas, Converting paved areas e.g., parking lot, 
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footpath to permeable pavement s or traditional Dolep pathways to allow for increased infiltration, 

Proper cleaning mechanism and waste management, Pollution control from source rather than 

construction of  WWTP, Collection of waste through installing trash rack and garbage collection sump 

before outlet, infiltration trench, bio retention etc. in low lying areas before discharging into the river to 

allow infiltration and settling of pollutants in the conveya nce system, Discharging domestic waste water 

into locally installed infiltration t rench before discharging into the storm drains directly etc.   

The identified non-structural measures are: Institutional Reform: Setting ôEmergency Response Unitõ, 

Development and implementation of standard operational procedure for emergency response 

Recovery, Procurement of Machineries and Equipment for Emergency Response, Integration of Explicit 

ôRegulatory Framework for Stormwater Managementõ into the Existing Standard Operational Procedure, 

Enhancement of Inter and Intra Institutional Coordination, Establishment of Financing Mechanism for 

Stormwater Management and Mainstream into Existing Budgeting System, Establishment of Functional 

Monitoring Mechanism for Stormwater Mana gement, Monitoring, Review and Update of Stormwater 

Management Plan, Development of Stormwater Drain Design and Management Guideline, Capacity 

Building and Skill Development of Engineers and Planners, Campaign for Citizen Behavior Change and 

Awareness Building, Recruitment of skilled manpower for operation, maintenance, emergency response 

and recovery, Popularization of LID measures or Best management practices at community level, Update 

of Stormwater Drainage infrastructure geo Inventory, Explicit Clause of SWM on Occupancy Certificates 

and other Inspection Form DCR, Explicit Clause of LID Measures in city regulations etc. 

Following these activities, several programs have been considered for storm water management in 

Thimphu Thromde under which 25 separate activities or projects have been outlined. These 4 programs 

are:  

¶ P1: Development of Sustainable and Climate Resilient Stormwater Infrastructures 

¶ P2: Emergency Response and Recovery 

¶ P3: Strengthening Institutions, Coordination and Monitoring  

¶ P4: Capacity Development  

In accordance with these programs, tentative mitigation maps of areas needing specific measures and 

their tentative costs and detailed designs have been prepared. A total investment of 1366.3 million Nu 

is proposed to be required to implement the plan thro ughout 10 years. Based on the study overall 

institutional/ coordination guidelines and monitori ng and evaluation framework have been proposed 

along with targets for the future. These mechanisms are expected to result in sustainable and climate 

resilient stormwater management fo r the city if implemented accordingly.  
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1. Introduction  

1.1 Context  

Thimphu, the capital city of Bhutan is an economic development hub of the country. Thimphu 

contributes to 45% of the countryõs GNP (Gross National Product) as the political and economic center 

of Bhutan. Since the inception of this metropolis  in 1960, urban development activities have been rapidly 

increasing in this city. Thimphu Thromde is expanding at a very high rate compared to  other parts of 

the country. The population of Thimphu city was 43,479 in 2001, 79,185 with density of 3029 persons 

per sq km in 2005, 91,000 in 2011 and 114,551 according to PHCB 2017. The population of Thimphu 

Thromde is estimated to grow further  162,327 by the year 2027 (Kezang et al., 2017). The annual urban 

growth rate of 4%-5% is therefore increasing manifold problems. Among them, stormw ater drainage 

problem is one of the prominent one s.  

The city is facing the storm water drainage problem very frequently due to a lack of coverage of network, 

loss of connectivity, inadequate capacity of existing urban drainage infrastructures, poor quality 

workmanship, lack of operation and maintenance work, poor planning with no outlet, lack of awareness 

of waste management etc. Drains constructed on an ad hoc basis are also not smooth and conducive 

for surface run-off , aggravating the situation . Some alignments also have discontinued drains along the 

roads, leading to overflow and deterioration of road conditions. The changed policy decisions that 

allowed the number of floors and g round coverage to be increased triggered the problem , on most 

cases. In addition to the increa sed surface runoff from the population  and booming ongoing 

constructions (almost 300 buildings/year), high intensity rain attributable to climate change also puts  

extra pressure on the existing drainage infrastructure.  

    

Figure 1.1: Recent Photographs of Havoc due to Stormwater Drainage Problems in Thimphu 

Thromde  

Therefore, the Ministry of Works and Human Settlement (MoWHS) of the Royal Government of Bhutan 

through  the Department of Engineering Services (DES) has entrusted JV of CEGIS, Bangladesh-APECS, 

Bhutan to conduct this assignment to pr epare an Integrated Stormwater Management Plan which will 

meet future demand s of Thimphu Thromde (2020-2030). This Integrated Storm Water Management 

Plan (ISWMP) would be the guiding tool for the decision makers to invest aiming to alleviate the urban 

drainage problem and for the engineers to maintain the stormwater management system for the 

Thimphu Thromde in an efficient and sustainable way.   



 

2 

1.2 Vision, Goal and Objectives 

The ISWMP (2021-2030) has set aspirations to achieve the Vision of a Development of a Sustainable, 

Climate Resilient and Environmentally Sound Stormwater Management System for Thimphu Thromde and 

the Goal of Minimizing the Potential Threats of Urban Flooding and Protecting Natural Drainage Features 

Considering Urban Sprawl and Uncertainties of Climate Change by 2030.  

To achieve this vision and goal some specific objectives have been taken into consideration in this very 

first comprehensive stormwater management plan for the Thimphu Thromde. They are as following:  

¶ Assessment of  adequacy existing drainage system using US EPA SWMM and stormwater 

management practices  

¶ Provide sufficient infrastructure capacity to meet the future needs of the Thimphu Thromde 

(2020-2030) ensuring protection of the natural drains and streams 

¶ Devise practically implementable economic and environmentally sound solutions 

incorporating Low Impact Development (LID) or Best Management Practices (BMP) 

1.3 Principles and Formulation P rocess of the ISWMP  

This ISWMP has been formulated on the laid foundation of 8 major principles as shown in the figure 

below.  This plan has been formulated in such a way that the envisioned stormwater management 

system will offer deliberative response by the responsible authority in case of any interventions need to 

undertake. On the other hand, the SWM system will be stakeholder responsive to ensure desired services 

from the Thromde. ISWMP focused on devising strategies maintaining coherence with the development 

vision of the Royal Government of Bhutan (RGoB) and formulating no or low regret, adaptive and robust 

measures to tackle future uncertainties pose by climate change. Inclusion of environment friendly Low 

Impact Development (LID) measures in stormwater management practices will attribute efficiency and 

sustainability of SWM interventions and allow flexibility for incrementa l adaptation. Last but not the 

least, successful implementation of ISWMP will enhance urban resilience of the Thimphu Thromde 

through climate proof ing of major SWM initiatives. These adopted principles may be theoretically 

idealistic, but made this plan inclusive and practically implementable devising some down to the earth 

structural and non-structural stormwater management measures considering in situ condition.      

 

Figure 1.2: Principles of ISWMP  
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The ISWMP has been formulated with very rigorous stocktaking and comprehensive technical analysis 

through SWMM modeling using US EPA SWMM tool . Recommendations and feedback of stakeholders 

i.e. local engineers and planners from the Thromde , engineers from DES and DoR, scientists from NCHM 

and community people  have been taken into consideration throughout the plan preparation process. 

Future uncertainties of climate change through dynamic downscaling  and projected urban development 

scenario have got utmost importance to devise different alternatives of SWM solutions. Field validation 

and manual cross check of design discharge estimation and adequacy checking has been performed to 

overcome of anomalies generated by the SWMM modeling and gain confidence on proposed measures. 

Finally, strategies and measures have been prioritized from different alternatives taking preferences of 

experiences of local engineers from the Thimphu Thromde.  Following figure illustrates overall process 

of the ISWMP formulation:   

 

Figure 1.3: ISWMP Formulation Process  

1.4 Planning Domain  

1.4.1 Geographic Location   

Thimphu, the capital, and the biggest, city of Bhutan, is situated at the western central part of Bhutan 

between 27Á28ź00ŻN 89Á38ź30ŻE and 27Á28ź00ŻN 89Á 38ź30ŻE. The city is spread out laterally in a north-

south direction on the east-west bank of the valley formed by Wang Chuu. The city stretches 15 km 

long & 3 km wide which starts from Dechencholing from the North and ends at Babesa in the South 

with the area of 26 Sq.km. 

Thimphu Thromde has been divided into 7 Demkhongs namely Babesa, Changbangdu-Olokha, 

Changangkha, Dechencholing, Jungshina- Kawajangsa, Motithang and Norzin. Figure 1.4 shows the 

map of the planning domain and Figure 1.5 to Figure 1.11 illustrate Demkhongõs map inside the domain 

i.e. Thimphu Thromde. Among the Changabangdu Olakha and Babesa are the two largest Demkhongs 

in the central to southern portion of the city.  
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Figure 1.4: Geographical Location of Thimphu Thromde      
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Figure 1.5: Babesa Demkho ng of Thimphu Thromde  

 

Figure 1.6: Changang Kha Demkhong of Thimphu Thromde  
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Figure 1.7: Dechencholing Taba Demkhong of Thimphu Thromde  

 

Figure 1.8: Jungshina Kawajangsa Demkhong of Thimphu Thromde  
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Figure 1.9: Motithang Demkhong of Thimphu Thromde  

 

Figure 1.10: Norzin Demkhong of Thimphu Thromde  
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Figure 1.11: Changabangdu Olakha Demkhong of Thimphu Thromde  

1.4.2 Topography  

The Thromde spreads over an altitudinal range  between 2,257 meters and 2,750 meters. Almost 75% of 

the area of Thromde lies under the elevation ranges of 2250-2350 m above mean sea level (MSL) and 

rest (25%) of the area beyond 2350m above MSL. Figure 1.12 shows the topography map of the study 

area. The Raidak River raises in the snow fields at an altitude of about 7,000 meters (23,000 ft). It has 

many tributaries that flow from the Himalayan peaks largely dictating  the topography of the Thimphu 

valley. The Thimphu valley, so formed, is delimited by a steep eastern ridge that rises from the riverbed 

and a valley formation with gradually sloping topogr aphy, extending from Dechencholing and 

Simtokha, on the western banks of the RaidƄk (Thimphu Dzonkhag Website). The north-south 

orientation of the hill ranges of the valley means that they are exposed to moist monsoon winds which 

engulf the inner Himalayas and its lower valleys. However, the windward and leeward sides of the hill 

ranges have different vegetation patterns depending on the varying rainfall incidence in the two sides. 

Thimphu valley lying in the leeward side of the mountains is comparatively dry and contains a different 

type of vegetation as compared to the windward side. Hence, the coniferous vegetation in the valley is 

attributed to this phenomenon.  
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Figure 1.12: Topography of Thimphu Thromde  
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1.4.3 Climate  

Thimphu's climate is characterized as cool and temperate. Temperatures here range from 0°C in winter 

to around 26°C in summer.  The annual average minimum and maximum temperature ranges from 7°C 

to 23°C respectively. The highest temperature recorded in the city in 1997 was 29.8°C during the month 

of July while the lowest was recorded to be -4.6°C during the month of January. The highest average 

annual rainfall that the city received in 2002 was 867 mm with a maximum average of 254 mm during 

the mont h of July and minimum of 1 mm during the month of November.  The average annual rainfall 

has been found 646 mm in MoEA complex station during the period of 1996 -2019.  

 

 

Figure 1.13: Annual Average Maximum an d Minimum Temperature for Thimphu  

 

Figure 1.14: Annual Average Rainfall for Thimphu  

1.4.4 Hydrology  

The Wang Chhu River which flows through Thimphu  Thromde is named Thimphu Chhu which is the 

principal river of th e Wang Chhu basin, one of the four principal river basins in the country. The river 

flow varies from a low of 3 to 5 m3/s in January/February, to around 135m3/s in some years in 
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August/September. Several numbers of tributaries join and discharge into this river collecting surface 

runoff of the city through natural gullies and storm drains. Among them Olarang Chhu, Kabisa stream, 

Motithang Chhu, Chuba Chhu, Dechencholing Chhu, Lanjophakha, Taba Chhu, Changangkha Chhu, 

Ngarephu (RTC) Chhu and Samteling Chhu are noteworthy. Figure 1.15 shows the watershed boundary 

for the Thimphu.  

 

Figure 1.15: Watershed area of the Thmiphu basin  
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1.4.5 Land Cover  

The general land cover map (2010) of Bhutan prepared by ICIMOD depicts that urban area is the 

dominant land uses in the Thimphu Thromde covers 44% of the area, along with 33% forest and 

vegetation, 19% open space, 3% waterbodies and only 1% agricultural land. The study (Giri and Singh, 

2013) revealed that almost 13% urban area has been increased since 1990 to 2010 mostly reducing 

shrubs area and slightly reducing forests cover (-0.73%) and agricultural land (-1.5%). However, built up 

areas or urban areas have further substantially increased in course of time since 2010 and found 35% 

increase of settlements during last 8 years from 2013 to 2020. Figure 1.16 shows the land cover map of 

the Thimphu Thromde.  

 

Figure 1.16: Land cover of the Thimphu Thromde  
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1.4.6 Lithology  

Jangpangi (1968) maps the site as being as close to the boundary between quartzite and mica schist 

and more highly metamorphosed gneisses with mica schist. Gansser (1983) maps the area as the Paro 

Formation, which is moderately - highly metamorphosed and has a high propor tion of schists. 

The most recent geological description of the Thimphu area indicates that the area is wholly underlain 

by the Thimphu Gneiss formation (Bhargava 1995).  This is a highly metamorphosed rock, with 

muscovite and biotite micas, plagioclase feldspars, and quartz as the main minerals. The rocks were 

formed by the folding and shearing that occurred in the thrusting from the north during the Himalayan 

orogeny.  

The soils on the ridge are residual and have very shallow sola (<20 cm deep) overlying hard quartzite. 

The quartzite is inter-bedded with highly weathered biotite gneiss, which liberates considerable 

quantities of ferric iron compounds, on weathering , and gives bright red-orange-yellow soil colours. It 

is possible that the weathering was more intense during periods in the Pleistocene and/or Holocene 

when the climate of the area was warmer and more humid than it is now. On the lower side slope of 

ridge, the quartzite is underlain by schists. Some of these are also highly weathered giving strong brown 

soil colours. However, other ones are not so weathered and are more dark greyish brown. The colluvial 

deposits on the gentler, slightly concave lower slopes are thick in places but are mostly less than 2 m 

deep. These deposits are underlain by Thimphu gneiss, which is highly weathered. 

As reproduced in the Bhutan Map by the Geological Society of America (Sean Long et. al), the study 

area has Lower meta-sedimentary unit (Neoproterozoic -Cambrian) which has dominantly amphibolite -

facies (Gansser, 1983; Grujic et al., 2002; Daniel et al., 2003) metasedimentary rocks, including quartzite, 

and biotite -muscovite-garnet schist and paragneiss often exhibiting kyanite, sillimanite, or staurolite, 

and partial melt textures (Long and McQuarrie, 2010). As per their study, this area is placed under 

Structurally-Lower Great Himalayan section within the Great Himalayan Zone. 
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Figure 1.17: Geological Map of Bhutan
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Figure 1.18: Lithological Map of Bhutan 
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1.4.7 Soil 

According to a detailed soil survey of RNR-RC, Yusipang (SSU, 1998), the soils are formed in residual 

and colluvial materials on the hills, and in the fan alluvium of the valley floor.  All the soil parent materials 

are derived from the Thimphu gneiss. The soils of the Centre are subdivided into three main geomorphic 

parent material groups, i.e. residual and colluvial soils of hill slopes, colluvial/slump soils of foot slopes, 

and depositional soils of the valley floor .  The soils of the area span a narrow textural range, with sandy 

loams and sandy clay loams predominant. The soils are moderately acid and have generally low contents 

of available N and P. 

 

Figure 1.19: Soil Map of Thimphu 1  

1.4.8 Groundwater  

Very little is known about groundwater in Bhutan. Given the steep terrain and deeply incised valleys, it 

is generally believed that there is no real groundwater aquifer to mention, although subsurface flow 

through fluvial de posits is believed to occur. The somewhat wider and flatter valleys of, for example, 

Paro, Punakha, Thimphu and particularly Samtse, Phuentsholing, Sarpang and Samdrup Jongkhar 

bordering the plains in India may well have groundwater reserves that could be exploited. By discussions 

with local experts, it has been revealed that the ground water table in Thimphu remains 15-20 m near 

the Thimphu Chhu, whereas it is more than 50 m in the higher elevation and very steep hills. Indeed, 

groundwater is being tapped in these areas on an individual basis but the government is generally 

reluctant to develop groundwater as a resource as long as the sustainability of its use has not been 

assessed. 

 

 

1 NSSC (2017). Digital Soil Mapping of Soil Organic Carbon Stock in Bhutan. National Soil Services Centre. 

Department of Agriculture, Ministry of Agriculture and Forests, Royal Government of Bhutan, Thimphu. 
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1.5 Planning Horizon  and Setting Targets  

Any plan requires a timeframe to remain effective, which has been fixed for this study till 2030. The 

issues, challenges, and recommendations of the 12th Five Year Plan (2018-2023) and Thimphu Structure 

Plan (2002-2027) relevant to stormwater management of Thimphu Thromde have been explicitly thus 

considered for the preparation of ISWMP. The plan has considered the future anticipated issues and 

concerns of 13th Five Year Plan (2023-2028) to address future challenges with holistic and prudent 

strategies. The global agenda of Sustainable Development Goals (2030) has also been considered for 

setting the planning horizon  and targets. The interventions have been proposed thus in three 

timeframes i.e. short term (until 2023), medium term (2024-2030) and long term (beyond 2030). 

However, there would be provision of update and monitoring of plan in certain frequency, thereby the 

targets have been set in line with the three major milestones i.e. by 2023, 2028 and 2030 inside the 

planning period 2021-2030 and beyond.  

 

Figure 1.20: Planning horizon of the Integrated Stormwater Management Plan for Thimphu 

Thromde  

Ambition to fulfill seven major targets h ave been set under this ISWMP analyzing existing level of service 

from SWMM modeling (Volume IV) , future demands, national and global development agenda:  

 

Figure 1.21: Targets set by the ISWMP  
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1.6 Contents of the ISWMP  

Volume -I: Integrated Stormwater Management Plan for Thimphu Thromde (2021 -2030) 

This volume contains the main investment plan part of the Integrated Stormwater Management Plan 

for Thimphu Thromde including context and background of th is plan, goals and objectives, situation 

analysis of present stormwater management system and level of services, future climate change, socio-

economic and urban development scenario, identifying  stormwater management challenges and 

assessment of priority needs followed by programme of actions to be implemented in this planning 

period. Each of the programs has a short concept paper including tentative cost, implementing agency 

and duration. Last but not the least, the implementation mechanism of the plan has been outlined to 

facilitate the successful implementation as per stipulated timeline and targets.    

Volume-II: Stormw ater Drainage Design and Management Guideline  

This volume contains the preliminary guidelines prepared based on the findings of the technical study 

conducted during this planning period with a view to help  and guide local engineers about possible 

planning and design considerations for storm water management particularly for the Thimphu Thromde.  

Volume -III: ISWMP A TLAS 

This volume contains all the maps that was generated for this Integrated Stormwater Management Plan 

for Thimphu Thromde to facilitate the lo cal engineers to navigate the critical drains links and other 

information like design discharge, slopes, adequacy information etc. ISWM ATLAS also contains detailed 

design sections proposed for existing inadequate and proposed drains.   

Volume -IV: Stormwat er Modeling and Network Criticality Assessment  

This volume contains the technical background studies and analysis performed to prepare this plan 

including the watershed modeling using SWAT, hydrodynamic modeling to assess future climate change 

impact, stormwater modeling using US EPA SWMM, stormwater drain network criticality from geo-

spatial multi -criteria analysis.  

Volume -V: Design, Dra wing and Cost Estimation  

This volume contains all detailed design, drawing and cost estimation required for ISWMP including a 

large set of different alternatives of structural solutions and site specific measures. Detailed cost 

estimation of formulated st ructural measures is also included in this volume.  

Volume -VI: Geo-database of ISWMP (CD)  

This digital volume contains all the related data, drawing AutoCAD files and GIS map layers in a geo-

database that was generated during the plan preparation  along with geotagged field visit pictures.  
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2. Present Stormwater Management System  

2.1 Introduction  

It is imperative to understand t he present stormwater management system and its current level of 

services, challenges, complexities, and gaps before identification of priority needs for structural and 

non-structural interventions considering future uncertainties posed by climate change. This chapter 

focuses on exploring the different aspects of present stormwater management system of the Thimphu 

Thromde.  

2.2 Drainage Watersheds and its Characteristics  

The Thimphu watershed encompasses around 813 sq km area, among which the territory of the 

Thimphu Thromde stretched over the valley of the Thimphu Chhu laterally carries surface runoff volume 

of 294.4 sq km drainage watersheds.  

These drainage watersheds can be classified as the Primary Watershed , which is the virgin and fully 

natural watersheds on the upstream of the basin comprised of mostly dense forest coverage, springs 

and glaciers in some cases. This type of watershed carries huge volume of flow through natural springs 

or canals and surface runoff from the top of the hill towards downstrea m; the Semi-Urban  Watershed  

which is mostly governed by the natural characteristics as like as the primary watershed but have urban 

development potentials, connected directly wi th the urban watershed and thus the land cover contains 

certain percentage of impervious surfaces. These watersheds relay the surface runoff from the upstream 

to the Urban Watershed , which are the mostly impervious lands with large dendritic artificial drains to 

carry stormwater to its ultimate destination the Thimphu Chhu.  

 

Waters heds of Thimphu Thromde Carry Runoff Laterally  

In total 911 sub-watersheds passes flow through 114 outlets, around 136 km artificial drainage and 

more than 400 km total drainag e paths. 
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In general, drainage pattern of the Thimphu watersheds is governed by its steep slope and highly 

undulated topography. Elevation varies drastically, it lies approximately in between 5%-15% in lower 

valley, 15%-40% in upper middle valley and beyond 40%-70% in fully natural or primary watersheds. 

The generated runoff from prim ary watersheds basically travels from hill top towards the Thimphu Chhu 

valley over the urban watersheds following the natural streams, depressions, and gullies. From western 

side watersheds it drains towards down to the east and from eastern side watersheds it drains towards 

down to the west side and finally falls freely into the Thimphu Chhu through multiple outlets. The roads 

in the upper region of the primary watersheds  work as surface runoff collector through a hill side L-

section drain and the road it self works as a longitudinal drainage to carry the runoff using the gravity. 

Some portions of runoff travel down vertically to the next stair of road layers losing the lon gitudinal 

drainage paths of the roads or L-section drains. Gradually the runoff gets the inlet of large conveyance 

system entering the Semi-urban watershed area. Finally, it travels towards the outlet on Thimphu Chhu 

collecting additional surface runoff ge nerated from the urban watersheds or areas. In this process of 

drainage, water gets very little chance to infiltrate into the soil due to steepness of the topography, 

higher changes in elevation and very short runoff travel time from the furthest point of watersheds.   

Although the major part of the runoff from primary watersheds are carri ed by relatively large sized 

natural streams, yet, significant portions of contribution of runoff from primary watersheds are 

transferred to the urban watersheds as lateral flow. Further, most of natural streams do not have any 

outlet of urban watershed du e to the topography and slope aspect of the urban watersheds towards 

Thimphu Chhu rather to the north or even southern direction to the downstream. Therefore, drainage 

pattern is fully controlled by the elevation and slope of the watersheds in the Thimphu Thromde. 

Following Table shows the natural streams in different drainage zones as per model domain.  

Table 2.1: Dominant Natural Streams for Drainage of Thimphu Thromde  

 

Sometimes, maintaining slopes during construction of artificial drains become critical so that the flow 

becomes super critical with high velocity and hydraulic jump occurs very frequently. Consequently, the 

chances of failure of structures increases due to the rapid and frequent thrust of stream power. This 

phenomenon also causes unexpected flooding with short duration but intensive rainfall.  

This plan divides the whole Thimphu watershed into 7 drainage or model domain. Seven model domains 

all together have 911 watersheds among which 666 are found urban watersheds. The western valley has 

4 domains from model domain 1 to model domain no 4 towards north to south a nd the eastern valley 

has 3 domains from model domain no 5 to model domain no 7. The basic features of each model 

domain are following -  
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Table 2.2: Basic features of selected model domain  

Domain  

No. of Waters heds 

Area (Sq. Km.)  
Outlets 

No.  

Conduits 

No.  

Artificial 

Conduit 

Length (km)  

Demkhong(s)  
Primary  

Semi 

Urban  
Urban  

1 15 8 48 23.4 12 142 9.78 Dechencholing Taba 

2 16 19 91 53.6 14 293 13.64 
Jungshina Kawajangsa, Samteling 

Chhu 

3 18 12 200 33.7 19 559 47.47 
Motithang, Changangkha, 

Jungshina Kawajangsa, Norzin 

4 5 8 69 8.9 12 218 12.15 Changabangdu Olakha 

5 24 8 54 17.4 9 171 11.61 
Jungshina Kawajangsa, 

Dechencholing Taba 

6 42 13 67 13.6 34 249 12.80 
Jungshina Kawajangsa, Norzin, 

Changabangdu Olakha 

7 46 11 137 144.6 13 527 28.77 Changabangdu Olakha, Babesa 

Total  166 79 666 294.4 113 2159 136.23   

The spatial distribution of p rimary, urban and semi-urban watersheds for each of the model domain are 

illustrated in the ISWMP-ATLAS 1 to ISWMP-ATLAS 7 in Volume III.  

2.3 Existing Stormwater Drainage Infrastructures  

The primary survey conducted by the Flood Engineering and Management Division (FEMD) identified 

total 524 drainage links among which 119 are primary and 405 are secondary comprising approximately 

136 km existing artificial drainage network. Following pie charts illustrate distribution of surveyed 

drainage under different type s and categories, section type and material type. It has been revealed that 

most of the surveyed drains are rectangular in size, made by either PCC or stone masonry material due 

to their relatively cheap price and readily availability. Around 394 drainage connections are found open 

section drain, which depicts more tendency to dumping of household waste into the drainage system.  

 

Figure 2.1: Surveyed Drainage Information of Thimphu Thromde  

The comprehensive modeling study (Appendix: Volume IV) of this ISWMP further scrutinize using 

google maps ad ArcGIS, reduces topological digitizing error digit ized and identified in total 2159 

drainage links instead of 529 among which more than 1300 drainage links are attributed from surveyed 

465 artificial drainage links. Remaining 850 drainage links are either natural drain or proposed drains 

which should be in place for smooth passage of surface runoff but absent in practical. These 2159 

drainage links comprised of more than 400 km drainage network covering the whole watersheds area 

of the Thimphu Thromde. Following table shows quantity  of total artificial and natural drainage paths 

identified in the modeling study under different domains. As per the modeling study, total 171 km 

primary, 175 km secondary and 88.5 km tertiary drainage paths have been identified.  
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Figure 2.2: Length of Different Types of Stormwater Drains in the Thimphu Thromde  

Domain  

Primary Drain(km)  Secondary Drain (km)  Tertiary Drain (km)  

Natural  Artificial  Natural  Artificial  Natural  Artificial  

Domain 01 12.6 4.8 1.4 9.2 - 4.4 

Domain 02 19.4 8.6 10.7 11.1 0.4 5.0 

Domain 03 13.8 13.3 10.3 24.3 4.5 18.6 

Domain 04 5.4 6.2 1.9 9.5 0.7 6.9 

Domain 05 16.2 5.7 7.6 6.1 - 2.6 

Domain 06 18.6 10.3 7.1 6.9 0.8 0.4 

Domain 07 29.1 7.3 38.3 30.8 22.0 22.0 

Sub-Total  114.9 56.2 77.3 98.0 28.3 59.9 

Grand Total  171.1 175.3 88.2 

Spatial distribution of identified different types of drainage  have been presented in the ISWMP ATLAS 

(Appendix: Volume III).  

2.4 Site Specific Problems  

Low Lying Outlet Near Centenary Vegetable Market 

Very few critically problematic areas are found during the physical inspection and consultation. One of 

the major critical areas is found near the Centenary Vegetable Market, where transition of slopes was 

not maintained very well, drains were clogged with plastic bottles, drains were almost perpendicular 

turned with sharp edge bend and most importantly a long length of drains pass a very flat slo pe in low 

lying flat areas before discharging into the Thimphu Chhu. The outlet sill levels are found very low in 

respect to the elevation of the river bed.  

   

Near the Underpass 

Another critical area is found near the underpass, where storm drains flow down from upstream and 

intersects with the road with a very narrow cross drain, which triggers to overflow the area. That steel 

grating covered cross drain was almost filled up with wastes. The adequacy of cross drain just beside 

the underpass is also needed to be checked as flows from three sub-watersheds meet there with very 

high velocity and the opening of the cross drainage is with very sharp bend.  
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Low Lying Area under Highway Flyover 

Another low-lying problematic area was found under the flyover after Olakha, where slope lowers from 

both sides of roads and makes a depressed area. This depressed area passes through a huge amount  

of upstream surface runoff, but to imprope r drainage paths this area inundates frequently. Further, very 

small road side hole is kept to pass the collected runoff in a very less frequent interval.  

  

Jushina Pamtho 

This is newly developed area and local level road construction is ongoing, but nor proper drainage paths 

have been demarcated yet. This area thus requires proper drainage paths for smooth passage of surface 

runoff.   

Beside New Land of Bangladesh Embassy  

This portion of the area gets open surface runoff coming down from upstream and the lands just beside 

the Bangladesh embassy becomes marshy over the period. This area thus demands immediate 

interventions for ensuring smooth passage of drainage and reduce vulnerabilities to surrounding 

infrastructures.  

In front of Primary School (Opposite of Golden Roots Hotel) 

Runoff from school football ground is discharged in to street. Inadequate surface drains, only small weep 

holes are available to discharge from the school. Moreover, main problems found  in the school front 

drain beside the road, which is a L-drain basically and inadequate to carry the upstream surface runoff.  

Near RBP and Memorial Chorten  

Another very critical area was found in front of RBP and memorial chorten, where transition from natural 

drainage to artificial drainage occurs, narrowed down the natural drainage after transition and again 

replaced the open and wide enough stair case drain with two 1.2 m dia hume pipe, which is found 

inadequate from SWMM modeling study for future climate change scenarios. Therefore, this area needs 

proper interventions to alleviate mentioned challenges.  
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Near Babesa STP 

According to the Thromde Engineers, another critically problematic area is near the Sewerage Treatment 

Plant (STP), where huge volume of soils has been dumped from different parts of the city and thereby 

the main drainage path has been blocked.  

 

Apart from these site-specific problems, some other problems are also found like flash floods vulnerable 

locations due to sudden transition of slope at the foothill or stormwater quality problems just after the 

government staff quarter. There were many other areas where most of the drains have been blocked 

due to dumping of wastes, irregular maintenance, inadequate opening without considering the flow of 

watershed area and urban development. The identified problem areas which needs either cleaning or 

repair and maintenance have been illustrated in ISWMP ATLAS (Appendix III).  

 

The distribution of problem types reve als that almost 40% problems are either related to blockage and 

clogging due to dumping of waste s or require repair and maintenance. Therefore, these challenges are 

also required to resolve with emergent actions apart from site specific measures.  
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2.5 Storm Water Quality   

Thimphu Thromde being the capital city has been facing rapid population growth and numerous social 

and environmental issues which caused diversions to the natural watercourse. In addition to that, the 

main issue with storm water in Thimphu Thromde is the non-existent and ad hoc drainage 

infrastructures. The drainage systems are also used for grey water discharge from residences due to a 

lack of awareness and in some cases overflows from septic tanks being discharged into drainage. Since 

most of the drainage system passes through the core area where the drains are open channels, pungent 

odors are emitted. As agriculture expands upstream, farm runoff could become a consideration for 

water quality downstream. Much more significantly, urban growth and industrial  processing expansion 

in parts of river catchments will have consequences on water quality downriver. Impacts on downstream 

users and ecosystems could mean water quality challenges for tourism and agriculture, depending on 

their locations.  

Comparison of both chemical and physical properties of water quality based on sample data (33 

sampling points of streams and drains) collected from th e National Environment Commission (NEC) with 

the WHO and Bhutan Ambient Water Quality Standard, 2006 reveals that the sto rm water quality in the 

drains are deteriorating.  In most of the drain location, PH, water temperature, dissolved oxygen, 

resistivity, and zinc are found exceeding the environmental standards. Other than this river and streams 

the water is found quite clean and does not contain any significant levels of pollutants. Levels of 

sulphate, nitrate and phosphate in stormwater drains suggest some household wastewater enters the 

drains. Concentrations of pollutants are likely to rise in the winter. Therefore, storm water quality issues 

are still not major issues in respect to storm water management but the process of prevention control 

of polluti on from the source should start  to avoid any further exacerbation of river water quality . 

Following figures illustrate lo cation of different sampling points where either physical or chemical 

properties of water has exceeded the standard limit.  
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Figure 2.3: Dissolved oxygen where exceed standard environmental limits in T himphu Thromde  

 






























































































































































































