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The waters that feed the Nyamwamba River in western Uganda start as meltwater from the glaciers high 

up in the Rwenzori Mountains. A small scale run-of-river hydropower plant, equipped with a low height 

tyrolean type intake weir, is now operating just upstream of the town of Kilembe, the first large community 

along this river. History has seen floods cause realignments of the river through the town and major 

damage to property and loss of life. 

A devastating flood occurred during the design phase for the scheme prior to any construction 

commencing, which caused loss of life and significant damage to roads, bridges and buildings within the 

town, including the hospital. Design changes to improve resilience of all riverine connections were made, 

including relocation of the diversion weir to a stronghold point within the basic protection zone of a 
natural island. A flood diversion dyke was constructed across one of the river branches that flows around 

the island, with its alignment, type and height optimised to capture low flows for energy generation while 

deflecting large flows away from the weir to mitigate flood damage. 

Another major flood arrived three months after completion. No damage was sustained which provided 

confidence in the resilience of the headworks. A major river dredging program contributed to the overall 

resilience of this reach of river through the town. 

This paper describes the challenges for the development of the project site in terms of physical 
considerations to work with the river, adopting some lessons learned from the pre-construction floods. 

Introduction  

East Africa has seen in recent years a resurgence in the role of hydropower, both large and small scale. In particular, the 
governments of some countries in the region have made it attractive for private developers to develop, own and operate 

small run-of-river hydropower plants. Several of these have recently been started or commissioned, set high in the 

mountainous regions of East Africa. 

In Uganda, the Nyamwamba 9.2MW capacity small hydropower plant (see Fig. 1) has been operating successfully since 

February 2018. Significant changes were made to the layout of the scheme during the design phase due to an improved 

understanding of the dynamics of the river. Following the theme of resilience, this paper builds upon a generic paper 

presented at the ANCOLD-NZSOLD joint conference in 2014 by the same authors, “The appropriate small dam and 

hydropower project – appropriate hydropower civil design for developing countries.” At that time this project was under 

development although construction had not commenced. A key take away from that paper was that the developer needs 

to take the long term view for robustness of design even if the intention is to sell the plant within a few years of 
operations commencing. This is because a buyer will look for longevity in the design. Herein lies the challenge to make 

small projects efficient and attractive for the owner’s position throughout its lifecycle, with a particular drive to minimise 

the initial capex. As at Q3-2019 a sale process is underway. 

 
Figure 1: Project location 
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Resilience for hydropower 

The physical forms of resilience for hydropower are multiple and can be grouped broadly into the following categories: 

 Physical resilience by engineering design. 

 Environmental resilience. 

 Community resilience. 

 Resilience for future climate change. 

As described in the International Hydropower Association’s ‘Hydropower Sector - Climate Resilience Guide’, 2019, 
climate change alone can multiply the threats against economic, environmental and social, regulatory and technical 

aspects. The effects of recent floods have been extreme on the project development, the people and to some extent the 

economics. The extent to which climate change can be attributed to the magnitude of the recent hydrological flood events 

is not debated in this paper; as that question of what is a reasonable ‘baseline’ of normal anticipated events versus what to 

account for as part of the climate change parameters, is an interesting subject for a paper of its own. 

The project 

The original project layout comprised a low height weir located within a single channel reach of river, a tyrolean-type 

intake to divert water for generation into a headrace channel on the left bank, a surge tank, penstock pipe which was then 

to cross the river just downstream of the main bridge and a powerhouse on the right bank. 

Following two major floods during the design phase before any construction had started, the scheme layout was adjusted 

to build structural and environmental resilience into the plant. The final arrangement is now entirely on the left bank of 

the river and the only two contact points with the river are the weir and the tailrace outlets. Construction commenced in 
October 2015 and was at its peak in 2017 the project employed 250 workers and staff. It is now permanently staffed with 

a team of 21 Ugandan staff, thus providing employment for the local workforce. 

The floods 

On 1st May 2013 the Nyamwamba River carried a major flood, estimated by authorities to be approximately 200 m3/sec, 

corresponding to a greater than 50 year return event. The flood waters completely broke both banks in the vicinity of the 

town and parts of the river alignment changed as a result of this flood. The flood caused loss of life and swept away one 

bridge while seriously damaging the main bridge in the town. This was a devastating flood for the town and it also swept 

away a wing of the hospital. 

The sudden arrival of the flash flood gave little warning for the rapid swelling of the river. The flood damage was 

exacerbated by the deposition of boulders throughout the entire reach which caused more flooding devastation in the 

town due to the raised river bed. The deposition caused the general water level to be much higher than would have been 

the case if the flood had remained a predominantly water-only flow. At some point the flood flows reached a tipping 
point magnitude and velocity which suddenly mobilised massive volumes of boulders. The redesigned scheme needed to 

respond to the changed river geometry and incorporate resilience to resist future flooding impacts. 

Detailed in-river gauging was undertaken over an 18-month period to determine the Design Flow to be adopted for 

machine sizing. Flood flow estimation however, relied upon catchment rainfall assessment and correlation of intermittent 

records of basic flood flow gauging available in adjacent catchments in similar terrain. 

In June 2014, still before construction had commenced, a second devastating flood occurred. Again, hydrological data is 

sparse but the extent of the flood was almost as damaging to property despite the perception upstream that this second 

flood was of a lower magnitude, and this was due mainly to the raised river bed profile from the boulders deposited in the 
2013 flood. 

 
Figure 2: Flood damage to housing when the river broke its banks and flowed to a side road 
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Figure 3: Flood damage to Bailey bridge 

It was clear that the town needed further protection from future floods and a programme of dredging the boulders was 

established, as described later. 

Weir design for resilience 

The originally designed location for the weir was 200m downstream of the adopted location, within a reach of single 

channel river. However, with the river channel at the original weir location altered by flooding, a new location needed to 

be found; one that was resilient against the ravages of future flooding events.  

Location selection 

The new location incorporated the following features:  

 It was positioned in the left branch of the stream. 

 The left abutment was in sound rock. 

 The right abutment was in a central island that divided the river into left and right branches; this island had remained 

after the flood events. 

Figure 5 is an air photo image that shows the new weir location along with the left and right branches of the stream and 

the separating central island. 

The left abutment of the weir was keyed into sound rock; granitic gneiss of high strength with a tight sub-vertical 
foliation defect striking at an acute angle to the face (see Figure 4). 

 
Figure 4: Weir left abutment in rock 

Island natural protection 

The natural island that forms the right abutment had remained after the floods (i.e. demonstrated natural resilience) and 

was noted in the geological mapping for the site as “old alluvial deposit covered by vegetation” (see Figure 6). 
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Figure 5: Air photo showing weir location against left and right channels and island features (source: CECB, 

2015) 

 
Figure 6: Geological map showing alluvial and old alluvial deposits and left bank rock outcrop (Source: CECB, 

2015) 

Engineered armouring 

To add to this natural resilience, an engineered armouring was incorporated into the weir design (see Figure 7). This 

armouring comprised a dry packed interlocking boulder wall that extended upstream from the left abutment of the weir 
along the full length of the island, wrapping around the upstream nose of the island down the right channel to the 

diversion barrier. 
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Figure 7: View of completed left abutment armouring works (looking upstream from the weir) 

 

Flood diversion dyke 

A significant portion of the river flow passes down the right branch of the river channel. To protect the reliability of 

capturing generating flows a diversion barrier was introduced to the right branch (see Figure 6). This barrier ensures that 

normal flows are predominantly directed down left fork of the stream, whilst in flood the barrier is overtopped allowing 

flows to pass down both branches. 

There are typically two, short high-flow seasons each year, in May and December. 

Weir design for passing boulders 

The weir is a tyrolean type structure designed to be able to pass boulders without interfering with the function of the 

intake. 

Other elements design 

Feasible design solutions require a balanced approach where risk based design can lead to more economically viable 

outcomes. A graduated slope design criteria was used, where a higher factor of safety was applied to slopes where slope 

failure would have resulted in property damage or risk to life; however, where there were no persons or property at risk, a 

lower factor of safety was adopted. 

The project developer was also willing to accept a lower level of slope support (the original design required extensive 

structural support) on the understanding that the higher risk of minor slope instability would be offset by capex savings. 

Minor slope instability along the headrace pipeline, which is not adjacent to the river bank, (local slumps and/or spalling 

– see Figure 8) can readily and economically be repaired, with local manual labour in plentiful supply and relatively 

inexpensive, coupled with the social benefits of engaging locals in the running of the scheme.  

Adopting an observational approach during the construction phase allowed local areas of instability to be identified and 

design solutions developed that suited the local conditions (see Figure 9). 
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Figure 8: Minor slumping of cut batters acceptable performance 

 

For a variety of reasons the power conveyance waterway was changed to a pipeline system throughout its entire length (a 

low pressure headrace pipeline leading to a surge tank and thereafter a mostly buried penstock pipe to the powerhouse). 

This enabled the originally planned piped spillway to be deleted which also meant there was one less riverine feature and 

therefore the risk of floods mitigated entirely from the waterways.  

The tailrace outlets are set back from the direction of river flow, and the generation flow will join at a relatively acute 

angle to minimise backwater pulsations along the channels. Whilst the tailrace channel was lengthened slightly in the 

revised location and alignment, the setting provides improved protection against significant boulder movement in the 

event of future major floods. 

 
Figure 9: Local instability on headrace trace treated with gabion wall structure 

Operational resilience 

The river will flood again and vast quantities of boulders will be carried in the major floods. Operational resilience was 
maximised by reducing the river contact points to just two (the weir and the tailrace outlets) and these features have been 

located, aligned and designed to anticipate the water passage from floods. Assessments were made for both a dredged 

river (anticipating that the dredging would have been completed by the time of commissioning), and a boulder-filled 

channel as would be the case in the event of a future major flood event anyway 

As a run-of-river generation project with a tyrolean-type intake there is no appreciable storage of water; the headpond 

created by the low height weir has a maximum depth of 2.2m and extends for about 80m upstream. Thus, if the headpond 

fills with boulders this would not have a serious detrimental effect although access for heavy earthmoving equipment is 

provided on the left bank for the owner to maintain the headpond zone near to the weir as clear as possible. This is to 

assist in case emergency repairs are required and it is important to be able to remove any large boulders located 

immediately behind the intake ledge which would disrupt the smooth overflow into the intake screens. 
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As described in the section on floods, accurate determination of the magnitude of flows was not possible. The uncertainty 

as to the water levels reached is compounded by the accumulation of the boulders which can completely change the flow 

characteristics. With this uncertainty in mind, and having relocated the weir and intake to the relative protection of one 

branch of a split channel, the weir was designed to pass the hydraulic flow of 250 m3/sec, corresponding to a 100 year 

flood event. A spillway on the right abutment (opposite end to the intake) was sized to pass the 20 year event with the 

higher floods overtopping the entire weir structure across its full width. The maintenance walkway was positioned at a 

zone clear of boulder throw. 

Damage may occur from boulder impact to handrails, though these have been designed to be replaceable at relatively low 

cost. The concept was to assess the repair cost against the risk, and to allow superficial damage if another major boulder-

strewn flood occurs without having to spend excessively on Capex to reduce the risk. 

Operational success 

A third major flood occurred in May 2018, just three months after commissioning. The project components suffered no 

structural damage and the hydraulic performance of the weir satisfactorily met the design assumptions. The photographs 

below show the extent of the flood at the weir, completely drowning the intake. The island armouring works remained 

intact offering the required protection to the right abutment to the weir. 

  

Figure 10: Flood passing the weir in May 2018, just 3 months after commissioning 

 

 

 
Figure 11: Flood passing the weir in May 2018, in the left channel 
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Figure 12: Flood diversion barrier geometry 

 

At the upstream point of the island, just visible in the arrow in Figure 11, a  low height flood diversion barrier was 

constructed on a skew angle across the entrance to the right channel. The indicative design cross-section is shown in 

Figure 12. The objective of the barrier was to ensure that low flows, up to 10 m3/s, would be channelled down the left 

channel in which the weir and intake is located (the generation design flow is 6.6 m3/s), while the potentially damaging 

higher flows would be allowed to continue partly down the left channel, but predominantly down the right channel. This 

alignment was based on observations of normal and seasonal flood flows during the two wet seasons that typically occur 

each year, together with assessment of the typical approach conditions upstream of the island. 

The river is still not fully gauged, and although accurate gauging would be very useful, the team had to make assessments 
in the absence of firm flow data, and build in degrees of flexibility to deal with whatever scenarios the river decided to 

take. Therefore, adjustments to the flood diversion barrier geometry can be made following observations of the barrier 

performance during normal flows and flooding events. No changes were necessary to the diversion barrier following the 

2018 flood, though the owner will gather more data from future high flows and develop plans if changes become 

necessary.  

River bed dredging 

Following the major floods which left a significant number of boulders in the river throughout the entire zone of the 

Kilembe town in May 2013, and again in May 2014, the Ugandan Government completed the dredging of a 6 km length 

of the Nyamwamba River, to restore the river’s bed level to pre-2013 flood conditions.  

The river plain will always remain an active environment however, and the designs needed to anticipate the potential 

location(s) for the re-deposition of boulders and/or change of river course in certain stretches which could occur in future 

major floods. As described earlier, the contact points are now afforded greater protection than had originally been 
designed, and this is in part due to the situation after the boulder dredging. The 2018 flood deposited small to medium 

sized material behind the weir but did not carry the very large boulders such as those deposited in 2013 and 2014. 

Environmental and social (community) resilience 

The project was administered with strict environmental and social obligations, following the IFC Performance Standards. 

The residents of Kilembe were already very aware of the power of the river which passes right through the town and 

which has shaped the layout and positioning of the community landscape over the years. Community education was 

necessary to explain that the 2.2m high diversion weir was not creating a high risk of flooding due to ‘damming’ of the 

river and storage of large quantities of water. An elder from Kilembe recalls the flood protection dyke adjacent to the 

water treatment plant having been constructed about 45 years ago, following a damaging flood in the river. Records are 

not available but anecdotal evidence does suggest that the 2013 and 2014 floods were by far the largest since that time. 

By mutual agreement between the developer and the Church, an old church building which was located adjacent to the 

powerhouse was purchased and the developer constructed a completely new, architecturally designed modern church 

elsewhere within the town. While the old church location was not affected by either of the recent floods, it was 

nevertheless located quite near to the river and the close proximity of the powerhouse would have caused unacceptable 

noise pollution to the church during generation times. 

Conclusions 

In writing this paper to follow the theme of resilience, the authors realised that resilience is a thread in all topics 

associated with hydropower development. While the focus has been in this case on resilience for the weir, it was 

necessary to consider the resilience of the community as well as physical and economical aspects, since all are in some 

way interlinked. 
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The process of trying to build-in resilience for the uncertainties of hydrological risk aligns in general terms with the 

changes which the project team was forced to make to deal with recent events, on the expectation that those events would 

likely be repeated, or even worse, during the lifetime of the project operation. 

The project team consider that the final adopted design, together with the successful programme of river bed dredging, 

has, at least for the time being, reset the equilibrium of the river dynamics. 

Acknowledgements 

The authors acknowledge the kind permission granted by the original owner and developer of Nyamwamba-1, Africa 

EMS Nyamwamba Ltd., and the project lender, Netherlands Development Bank (FMO), and the Contractor, SAEMS 

Hydro. The scheme’s designer was SIRATO Engineering of Sri Lanka. The cooperation between the parties during the 

scheme’s design development, construction and the handover to operations was exceptional and collectively led to the 
success of this project. 

References 

CECB 2015. Geotechnical Investigation Report Section 2 - Subsurface Exploration Drilling, Seepage Analysis, Slope 
Stability Parameters for Foundation Designs, Report By Central Engineering Consultancy Bureau (CECB) For Africa 

EMS Nyamwamba Ltd, Dated August 2015. 

International Hydropower Association, 2019. Hydropower Sector Climate Resilience Guide. London, United Kingdom. 

Available from: www.hydropower.org 

Kingsland, R., Noble, A. & Lam, E., 2014. The appropriate small dam and hydropower project – appropriate hydropower 

civil design for developing countries, ANCOLD Proceedings of Technical Groups, Dams in a Changing World, 21-22 
Oct. 2014, National Convention Centre, Canberra 

 

 

http://www.hydropower.org/

