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Socio-economic Impacts  
The area immediately downstream of the project is the main tourist area of the park, containing the 
photographic tourist blocks. Dozens of luxury camps exist within the block and lower-end camps are 
situated just outside entry gates. The presence of the construction site and its associated 
infrastructure would be on one of the Beho Beho hills that run through the block. This could improve 
tourist access and limits the visual impact of the work-site. The construction process, roads vehicles 
and people would problematically reduce the wilderness feeling currently drawing over 16,000 
tourists a year78 . If there is a substantial loss of big fauna and bird wildlife from poaching or the 
dam’s operation, this will also undoubtedly reduce the tourist economy.  

An intimate link between ecologies and livelihoods in the delta mean that the ecological impacts 
outlined above have a socio-economic effect. The typical farming practises downstream of the 
Selous involve flood recession agriculture, with large plots being grown on the fertile and seasonally 
flooded plain79. As Hamerlyck and Duvail explain, “Although the occasional early flood peak, as was 
the case in December–January 1968, can lead to the destruction of the ‘short rains’ maize crop, and 
the even more exceptional late flood peak, such as the one of May 1974 can destroy the rice crop, 
these events are rare and are, in general, compensated by excellent conditions for flood recession 
farming and also by a very productive fishing season”80. In fact, without a flood, land yields 
reportedly decrease by half in three years81. The population here also depends on fishing in the six 
ox-bow lakes below the reserve. As indicated above, even if an annual mitigation water release 
occurred, these lakes would be significantly reduced and suffer fish losses. Duvail et.al. (2014) 
predict that this will push the population into unsustainable logging and charcoal production as well 
as poaching, as happens already in years of drought. The mangrove stand and delta forest provides 
an important resource and the off-shore marine area is reputedly Tanzania’s richest fishery, 
including a substantial prawn population (80% of the country’s prawn catch originates here)82.  

Thus, whilst the project has the advantage of requiring very little – if any – physical displacement 
and resettlement, it would have important social consequences for the livelihoods of about 200,000 
people downstream, and some people – such as fishermen – upstream83. This trade-off needs to be 
acknowledged. Additionally, the capacity to adequately engage affected people in mitigation and 
compensation should be demonstrated by the government and project developers.  

                                                           
78 Arms on Environment, 2013 
79 Hamelyck and Duvail, 2007; Havenick, 1993 
80 Hamelyck and Duvail, 2007, page 40 
81 Hamelyck and Duvail, 2007 
82 Arms on Environment; Mwalyosi 1998 
83 Havenick, 1993 
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Conclusion  
This overview suggests the project has significant ecological and socio-economic risks for an area of 
global ecological importance. The Environmental and Social Impact Assessment for this project will 
need to be extensive. It should include a strategic review that considers the gamut of the dam’s 
effects in conjunction with other projects in the basin and be critically aware of the inability to 
mitigate impacts, thereby explicitly acknowledging trade-offs involved. The ESIA should also fully 
appraise the need for the project and alternatives in energy generation. Moreover, it should 
consider the impact on OUV, the viability of World Heritage Status and the consequent global 
significance of the project. It is plausible that, like with the upstream Kihansi and Malagarasi 
hydropower projects in Tanzania, new endemic species will be the discovered in the research 
involved in an ESIA.  

It is important to note that many of the project proponents described above have failed to 
appreciate the scale of the potential impacts despite their well-documented by foreign and 
Tanzanian academics. Reports and many interviewed officials focused on the area being flooded 
behind the dam wall as the affected project area, rather than that on the whole river. The initial EIA 
by Arms on Environment, similarly seems to assume that the project impacts can be mitigated by a 
full EIA. Even if full mitigation is possible, it will likely involve alternative reservoir management that 
reduces power production, and thereby profit, by replicating annual floods. It is therefore important 
for the full extent of trade-offs to be appreciated so that an informed decision can be taken on 
whether the Tanzanian government and citizenry wish to proceed with the significant undertaking, 
knowing the risks at hand. Not least of these will be the World Heritage status of the Selous Reserve 
as UNESCO itself states the dam is incompatible with World Heritage Status.  

Alternatives  
Tanzania is endowed with a wide range of energy potentials capable of generating over 2100MW:  

x Fossil fuels represent an environmental hazard, and the use of them for domestic power 
prevents their alternative lucrative export. Despite this, they are favoured by the current 
MEM strategy:  

x Natural Gas:  
o Offshore: Recent discoveries of over 55tch of off-shore natural gas place Tanzania’s 

reserves in the top 10 globally. Off-shore is likely to be too expensive to sell 
domestically 

o On-shore reserves exist, are being tapped for thermal energy, have a lower cost than 
off-shore and are relatively reliable and simply constructed. Currently on-shore gas 
is envisioned as Tanzania’s main future energy supply.  

x Coal potential exists in the South with the Kiwira project in the pipeline.  
x Oil could potentially be supplied cheaply from neighbouring Uganda and Kenya. Tanzania 

has won the bid from Uganda to construct a pipeline to Dar es Salaam 
x Renewables: With prices falling and large-scale application increasingly viable renewables 

are arguably capable of competing. Proponents argue renewables offer an appropriate 
technology for sustainable development and electrification, with a potential to produce 
power remotely, for micro-grids and in quantities appropriate for low users.  

o Solar resources: On grid potential and Tanzanian private sector solar market grown 
in last two years.  

o  Wind: Significant potential in Singida. Tanzania’s first on-shore, on-grid wind farm of 
100MW is hoped to be completed before 2020.  
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o Geothermal: Large potential exists in the rift valley.  Neighbouring Kenya aims to 
have developed over 5000MW. Tanzania has yet to conduct detailed studies but 
experts suggest likely potential.  

o Micro-hydro. A large potential known but not studied in detail and insufficient path 
to implementation created.  

x Importing power: Opportunity in nascent and institutionalised Eastern African Power Pool 
from Kenya, with its large geothermal potential discovery, and Ethiopia, whose dam building 
program has an explicit rationale to export power. Both electricity sources are competitive 
with present system costs in Tanzania and a 400MW deal with Tanesco and Ethiopian 
authorities has been reported in 201684.  

x Large scale hydropower. In the Rufiji basin:  
o Ruhudji dam 358MW, in sparsely populated upper reaches of one of the Rufiji’s 

tributaries. It has had technical and environmental planning and World Bank 
support. 

o Mnyera project of 670MW. Developed by another Brazilian company Queiroz Galvao 
with an existing Rubada MoU. 6 individual hydropower sites to be built in stages to 
ensure bankability and feasibility. Initial design, feasibility and EIA complete. 
Hydrology data being collected.  

o Rubada has identified Iringa and Mpanga sites.   
o Tanesco is pursuing Malagarasi (45MW) Rumakali (222MW) and Kakono (87MW) 

hydropower projects all of which have had feasibility studies and are in various 
stages of gaining environmental approval.  

Thus a wide range of technological alternatives exist, many of which are also renewable. Whilst not 
on the same scale as the Stigler’s Gorge, their smaller size is arguably more appropriate to 
Tanzania’s uncertain energy-demand, thus avoiding the financial risks associated with a large, single 
energy project. They can be argued to have lower socio-environmental impacts.  

Additional Research  
The Stiegler’s Gorge project and Rufiji delta are relatively well researched areas. The studies detailed 
below and past environmental impact assessments have generated a relatively good understanding 
of the key features of the valley’s socio-ecology and risks associated with the dam. Academics have 
looked at the historical and political aspects of the Selous and Stiegler’s and a number of surveys of 
people living downstream of the park exist, although not always explicitly linked to considering the 
Stiegler’s potential impact.  

Further detailed ecological research on fauna and flora in the Selous and downstream delta would 
be needed and should be a part of any EIA, to enable fuller knowledge of the complete species and 
ecological dynamics present. 

The combined impacts of multi-exploitation of the park remain understudied. Mining and fossil fuel 
exploration licences have been granted and a uranium mine is planned. These projects are unlikely 
to change the impacts that a dam would have by itself. However, the combination of environmental 
impacts, construction activities, presence of people and infrastructure collectively question the 
Selous’ very existence.  Additional impacts on the delta RAMSAR site remain unknown.  

                                                           
84 http://africa.cgtn.com/2016/09/02/tanzania-inks-multimillion-dollar-power-deal-with-ethiopia/ 
http://www.sudantribune.com/spip.php?article60064 
http://www.tanzaniainvest.com/energy/ethiopia-power-supply-deal 

http://africa.cgtn.com/2016/09/02/tanzania-inks-multimillion-dollar-power-deal-with-ethiopia/
http://www.sudantribune.com/spip.php?article60064


The Stiegler’s Gorge Hydropower Dam Project   Barnaby Dye  

24 of 25 
 

References  
Ansar et.al., 2014, Should We Build More Large Dams: The actual costs of hydropower megaproject 

development, Energy Policy, 69, 43-56 
Arms on Environment, 2013, Situation Analysis and Report of Initial Scoping Process of the Stiegler’s 

Gorge Hydropower Project. Prepared by Arms on Environment. Submitted to RUBADA.  
Baldus R., 2009, Wild Hart of Africa, The Selous Game Reserve in Tanzania, Rowland Ward 

Publication: Houghton, South Africa.  
Big Results Now, 2012, Tanzania Development Vision 2025; Big Results Now: Roadmap, Republic of 

Tanzania.  
Brown I., Mwansasu S. and Westerberg L-O., 2016, L-Band Polarimetric Target Decomposition of 

Mangrove of the Rufiji Delta, Tanzania, Remote Sensing, 8 (140) 1-14 
Collins, M., R. Knutti, J. Arblaster, J.-L. Dufresne, T. Fichefet, P. Friedlingstein, X. Gao, W.J. Gutowski, 

T. Johns, G. Krinner, M. Shongwe, C. Tebaldi, A.J. Weaver and M. Wehner, 2013: Long-
term Climate Change: Projections, Commitments and Irreversibility. In: Climate Change 
2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. 
Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, 
NY, USA. 

Duvail S. and Hamerlynck O., 2007, The Rufiji River Flood: Plague or blessing?, International Journal 
Biometeorology, 52 33-42.  

Duvail S., A.B. Mwakalinga, A. Eijkelenburg, O. Hamerlynck, K. Kindinda & A. Majule, 2014, Jointly 
thinking the post-dam future: exchange of local and scientific knowledge on the lakes of 
the Lower Rufiji, Tanzania, Hydrological Sciences Journal, 59 (3-4) 713-730 

Dye, B., 2016, The return of ‘high modernism’? Exploring the changing development paradigm 
through a Rwandan case study of dam construction, Journal of Eastern African Studies, 
10:2, 303-324 

Dye, B., 2016, Brazil’s new government could signal a new direction for its relationship with African 
countries, Africa at LSE (edited blog). 
http://blogs.lse.ac.uk/africaatlse/2016/11/07/brazils-new-government-could-signal-a-
new-direction-for-its-relationship-with-african-countries/ 

Hamerlynck O., Duvail S., Younger H. et.al., 2010, The Large Scale Irrigation Potential of the Lower 
Rufiji Floodplain: Reality or persistent myth?, in (eds) Calas B. and Mumma C.A., Shared 
Waters, Shared Opportunities: Hydropolitics in East Africa, Mkuki na Nyota Publishers 
Ltd: Tanzania.  

Hamerlynck O., Duvail S., Vandepitle L., et.al., 2011, To Connect or not to Connect: Floods fisheries 
and livelihoods in the lower Rufiji floodplain lakes, Tanzania. 56 (8) 1436-1451.  

Hartmann, J., 2012,  The Stiegler’s Gorge Project; Briefing Paper for WWF, February 2012. 
Havenick K. J., 1993, Tanzania: The limits to development from above, Mkuki na Nyota Publishers, 

Tanzania.  
Hoag H.J. and Öhman M.B., 2008, Turning Water into Power: Debates over the development of 

Tanzania Rufiji River Basin, Technology and Culture, 49, 624-251.  
Jaeger, T., Debonnet G. and Nelson G., 2014, Mission Report: Reactive Monitoring Mission: Selous 

Game Reserve (United Republic of Tanzania), 02 - 11 December 2013, UNESCO World 
Heritage Centre – IUCN, January 2014.  

Kabwe, Zitto, 2014, How Pan Africa Power Ltd acquired Independent Power Tanzania Ltd for almost 
nothing and looted US$124m from the Bank of Tanzania, Briefing Paper prepared for the 
Public Accounts Committee, Parliament of Tanzania, 29th of July 2014. 
http://www.orcis.com/escrow/Makala_Zitto_HowPAPAcquiredIPTL.pdf 



The Stiegler’s Gorge Hydropower Dam Project   Barnaby Dye  

25 of 25 
 

Kapika J. and Eberhard A., 2013, Tanzania: Learning the hard way, Power Sector Reform and 
Regulation in Africa: Lessons from Kenya, Tanzania, Uganda, Zambia, Namibia and Ghana, 
HSRC Press: Cape Town, South Africa.  

Milly, P.C.D., Dunne, K.A., and Vecchia, A.V., 2005. Global pattern of trends in streamflow and water 
availability in a changing climate. Nature, 438 (7066), 347–350. 

Ministry of Energy and Minerals, 2009, Power System Master Plan, 2009, The Republic of Tanzania  
Ministry of Energy and Minerals, 2013, Power System Master Plan, 2012, The Republic of Tanzania 

May 2013 
Ministry of Finance and Planning, 2016, National Five Year Development Plan: 2016/2017-

2020/2021, The Republic of Tanzania, June 2016 
Ministry of Finance and Planning, 2016, National Five Year Development Plan: 2016/2017-

2020/2021, The Republic of Tanzania, June 2016 
Mwalyosi R., 1991, Management of the Rufiji: Delta as a wetland. Wetlands of Tanzania. Proceedings 

of a seminar on the wetlands of Tanzania, Morogoro. 27th-29th November, 1991.  
Mwalyosi R., 1998, Environmental Impacts of the Proposed Stiegler’s Gorge Hydropower Project, 

Tanzania, Environmental Conservation, 15 (3) 250-254.  
Odebrecht, 2013a, Stiegler’s Gorge Hydropower Project: Report and Proposal of Development.  
Odebrecht, 2013a, Stiegler’s Gorge Hydropower Project: Presentation of Report and Proposal. 

January 17, 2013 
SNC-Lavalin, 2009, PSMP Power System Master Plan: Update, Dar Es Salaam, August, 2009. 
SNC Lavilin Interantinal Inc. with Parsons Brinkerhoff, 2011, Regional Power System Master Plan and 

Grid Code Study; Final Master Plan Report, Executive Summary. Eastern African Power 
Pool and Eastern African Community. May 2011 

UNESCO-WHC, 2011, 35 COM 7B.6, July 2011 
UNESCO-WHC, 2012: 36 COM 7B.5, July 2012 
UNESCO-WHC, 2013: 37 COM 7B.7, July 2013 
UNESCO-WHC, 2014: 38 COM 7B.95, July 2014 
UNESCO-WHC, 2015: 39 COM 7A.14, July 2015 
UNESCO-WHC, 2016: 40 COM 7A.47, July 2016 
The United Republic of Tanzania: President’s Planning Commission, 2012, The Tanzania Five Year 

Development Plan 2011/2012-2015-2016: Unleashing Tanzania’s Latent Growth 
Potentials, June 2012.  

The United Republic of Tanzania, National Energy Policy 2015, Dar es Salaam, December 2015.  
World Bank (International Development Association), 2013, Program Document: Second Power and 

Gas Sector Development Policy Operation, Report No. 84028 -TZ, February 26, 2014 
World Bank (International Development Association), 2014, Program Document: First Power and Gas 

Sector Development Policy Operation, Report No. 74994-TZ, February 26, 3 
 



36The True Cost of Power

THE STIEGLER’S  
GORGE HYDROPOWER  
PROJECT  
RAPID ASSESSMENT OF RISKS TO THE SELOUS  
WORLD HERITAGE SITE AND THE RUFIJI-MAFIA-KILWA  
MARINE RAMSAR SITE

Joerg Hartmann

Accredited Lead Assessor,  
Hydropower Sustainability  
Assessment Protocol



The Stiegler’s Gorge Hydropower Project:  
Rapid Assessment of Risks to the Selous World Heritage Site and the 
Rufiji-Mafia-Kilwa Marine Ramsar Site 
 
Joerg Hartmann 
Accredited Lead Assessor, Hydropower Sustainability Assessment Protocol 
Briefing Paper for WWF 
February 6, 2017 
 
This paper describes the concerns for the integrity of the Selous and Rufiji-Mafia-Kilwa sites 
from the Stiegler’s Gorge project and provides a rapid risk screening, based on currently 
available information and on the author’s knowledge of the area and experience with 
comparable projects.  
 

Background 

The 50,000 km2 Selous Game Reserve (SGR) is one of the most important protected areas in 
Africa, and has been recognized as a World Heritage Site since 1982. It is managed as a IUCN 
category IV (habitat/species management) area, by Tanzania Wildlife Authority (TAWA), with no 
permanent settlements but controlled hunting and tourism use. Before the current poaching 
crisis, the SGR provided habitats for the largest numbers of elephants, lions, wild dogs, buffalo, 
hippos and other species on earth. In 2014, the SGR was inscribed by the World Heritage 
Committee on the List of World Heritage in Danger. The threats from poaching are exacerbated 
by industrial development plans, including mining, oil and gas exploration, and dams for water 
supply and hydropower, as well as associated roads, camps, quarries and transmission lines. A 
boundary modification was approved by the Committee in 2012, reducing the size of the SGR 
by 200 km2, to allow a uranium mine to go forward.  

According to the ‘Operational Guidelines for the Implementation of the World Heritage 
Convention’, Tanzania as the responsible State Party should inform the Committee of any plans 
that would affect the Outstanding Universal Value (OUV) of the heritage site. The Committee 
has repeatedly requested the Tanzanian government to provide information on a particular 
project, the Stiegler’s Gorge dam.  

The Stiegler’s Gorge dam site is located in the northern part of the SGR, 180 km upstream of 
the Indian Ocean. The gorge is about 8 km long and 100 m deep. The site was first identified in 
the 1950s, as part of the first survey of the water resources of the Rufiji River basin, Tanzania’s 
largest river basin. The 1950’s and 1960’s saw significant interest in developing large scale 
water resources infrastructure in Africa (for example, Kariba, Akosombo and Aswan dams). 
Studies on Stiegler’s Gorge were prepared with foreign support, but construction was 
postponed several times, while Tanzania developed smaller dams upstream in the Rufiji basin 
and in other parts of the country. Interest in Stiegler’s Gorge returned in the 2000s, when 
private companies approached the government with offers to develop the dam and help 
resolve the power supply deficit. Stiegler’s Gorge could more than double power supply 



capacity in Tanzania. Since 2011, the government has been negotiating with Odebrecht, a large 
Brazilian hydropower developer and contractor.  

The International Council on Mining and Metals (ICMM), with 23 leading companies, declared a 
commitment in 2002 to not explore or mine in World Heritage Sites. Unfortunately, smaller 
mining companies as well as hydropower companies have not joined that commitment. 

 

Image 1. The northern Selous Game Reserve, showing Stiegler’s Gorge 

 

Downstream of Stiegler’s Gorge the Rufiji River reaches the Rufiji-Mafia-Kilwa (RFM) Marine 
Ramsar Site, a 5,969 km2 site designated by government in 2004 under the Ramsar Convention. 
The site includes the entire Rufiji delta (approximately 1,400 km², with 550 km2 of mangrove 
forests), coastal areas south of the delta, the island of Mafia and the shallow coastal waters, 
islands and coral reefs in between.  

Like the 1972 World Heritage Convention, the 1971 Ramsar Convention has a mechanism to 
address risks to a site.  Each Contracting Party shall inform the Secretariat if “the ecological 
character of any wetland in its territory and included in the List has changed, is changing or is 
likely to change as the result of technological developments, pollution or other human 
interference”; such sites may be placed on a list (the Montreux Record); and Contracting Parties 
may invite a Ramsar Advisory Mission to analyze the situation and provide advice.  



No such steps have yet been taken with respect to Stiegler’s Gorge. However, the 2004 
nomination of the RFM Ramsar site by the government stated: “A large-scale plan for damming 
of the Rufiji River at Stiegler’s Gorge…was prepared in the…1980s… The implementation of such 
a project at Stiegler’s Gorge is envisaged to have severe impacts on the ecological balance 
downstream in the Rufiji Floodplain and Delta. The impacts will influence the biodiversity and 
people dependent on the natural resources in the floodplain and delta including the fishery 
along the coast of Tanzania.” 

The only sanction available to the World Heritage Committee is the deletion of a site from the 
World Heritage List, if conditions deteriorate and OUV is no longer given. (Under the Ramsar 
convention, it is the government that would have to withdraw a site.) The status of discussions 
between the government and the World Heritage Committee is as follows: 

The 2013 IUCN Reactive Monitoring mission provided an early analysis of the project. It noted 
that the EIA planned at the time was likely to be insufficient to clarify the following risks:  

 “Risks of decreasing water supply due to natural change and/or increasing upstream 
abstraction, in addition to increased evaporation from dam reservoirs; 

 Sedimentation in the reservoir as a challenge to long term economic viability; 

 Floating alien invasive plants could cover the reservoir, bringing maintenance 
concerns and pollution risks associated with possibly necessary chemical control. If 
chemical control is not applied, the floating invasive alien plants would affect water 
quality and increase the rate of water loss due to transpiration; 

 Eutrophication of the reservoir; 

 Loss and direct impacts on terrestrial habitats through flooding of the upstream 
river, including rare canyon habitats and important habitats for critically endangered 
species such as Black Rhinoceros; 

 Disturbance during construction and maintenance of dam and associated 
infrastructure and social and environmental effects of construction towns, possibly 
aggravated by migrant fishermen likely to be attracted by the vast reservoir; 

 Fragmentation and disturbance through road infrastructure and transmission lines; 

 Loss of nutrient and mineral rich sediments downriver with effects on agricultural 
productivity and food security but also river morphology and erosion, including in the 
ecologically and economically important delta; 

 Disruption and modification of downstream flow patterns through controlled water 
release differing from natural patterns, including in the floodplains which constitute 
some of the richest habitats for wildlife and are the basis for non-consumptive 
tourism in SGR; 

 Secondary impacts related to "door-opener" effect of new road access to dam, 
saddle dykes and transmission corridors, such as in-migration and illegal resource 
use, including elephant and rhinoceros poaching. Colleagues consulted during the 
mission suggested a surge in poaching during the operations of the field camp near 
Stiegler's Gorge in the 1980s; 



 In addition, roads, construction, disturbances and the transportation of building 
materials will also provide pathways and ideal disturbance sites for introducing more 
invasive alien species; 

 Reputational risk for consumptive and non-consumptive tourism in one of the last 
remaining large-scale natural areas and resulting potential negative economic 
impacts given the importance of tourism for the national economy; 

 Effects on river, delta and marine fisheries through impacts on fish migration and 
reproduction in the basin and the mangrove areas of the delta.” 

 
The mission therefore made the following recommendations: 

“Recommendation 11 
The State Party should unambiguously and in writing clarify the current status of planning and 
decision-making regarding the Stiegler's Gorge project. 
Recommendation 12 
Given the potential serious negative impacts on the OUV of the property, the State Party should 
ensure a comprehensive understanding of the impacts, risks, costs, benefits, and alternatives as 
a basis for any decision-making regarding the Stiegler's Gorge Dam both in the form of an in-
depth EIA and a comprehensive SEA…, taking into account the OUV of SGR. In line with 
paragraph 172 of the Operational Guidelines, these assessments should be submitted to the 
World Heritage Committee for review, before any final decision on the project is made. 
Recommendation 13  
The World Heritage Committee should call on States Parties to the Convention and private 
sector companies considering technical or financial support or involvement to the proposed 
Stiegler’s Gorge project, not to take any investment decision before it has been demonstrated 
that the project can be implemented without negatively affecting the Outstanding Universal 
Value of the property. State Parties concerned should be reminded by the World Heritage 
Committee of Article 6.3 of the World Heritage Convention which stipulates that each State 
Party not "take any deliberate measures which might damage directly or indirectly the cultural 
and natural heritage (...) on the territory of other States Parties (...)".” 

In its February 2016 State of Conservation report on the Selous, government stated: “The State 
Party will observe the conditions of Paragraph 180 of the Operational Guidelines of UNESCO 
[definitions of dangers to natural heritage sites, including ‘construction of reservoirs which flood 
important parts of the property’], and comply with national environmental management laws 
during the development of this project. However, in the wake of the available alternative energy 
sources (from gas and coal) in Tanzania the Government will develop these alternative energy 
sources for hydroelectric power generation if the environmental impacts of damming the 
Stiegler’s Gorge will be beyond mitigation.” 

In response, the World Heritage Centre and IUCN prepared the following analysis and 
recommendation to World Heritage Committee, for its 40th session in July 2016: “It should be 
recalled that the Committee … expressed its utmost concern that the Stiegler’s Gorge project, if 
approved, could cause serious and irreversible damage to the property’s Outstanding Universal 
Value (OUV), and that the 2013 mission recommended the State Party to, clarify unambiguously 



and in writing the current status of planning and decision-making regarding the project. 
However, such clarification has not yet been provided... It is recommended that the Committee 
reiterate its request (Decision 37 COM 7B.7) to the State Party to undertake a Strategic 
Environmental Assessment (SEA) in order to comprehensively identify the cumulative impacts of 
mining, the Stiegler’s Gorge and Kidunda dams, agriculture and associated infrastructure, such 
as road building, both within the property as well as in important wildlife corridors and dispersal 
areas that are critical for maintaining the OUV of the property.” 

The Committee then reiterated its “utmost concern about … the high likelihood of serious and 
irreversible damage to the Outstanding Universal Value” and requested that government 
invites another IUCN Reactive Monitoring mission to evaluate the impacts.  

This mission is planned for February of 2017, and this brief is intended to summarize the 
current information (or lack thereof) on the environmental and social impacts of the Stiegler’s 
Gorge dam, for consideration by the mission team. 

As the previous mission noted, “the debate and process could benefit from the evolving 
international debate surrounding large dams… it seems outdated and unhelpful to frame large 
dams as a development versus conservation scenario.” Current best practice is to carefully 
evaluate the need for and alternatives to proposed dams, understand their negative and 
positive impacts including cumulative impacts, and choose sites, designs and operational rules 
to minimize risks and maximize opportunities.  
  

Key sources on engineering and environmental aspects of the project:  
2013 reports 

The Stiegler’s Gorge project is a strategic development decision for Tanzania. Despite decades 
of discussion, very limited information is available to support that decision. It is ironic that the 
key documents used for this review: 

 Odebrecht 2013 - Stiegler’s Gorge Hydropower Project - Report and Proposal for 
Development, and 

 Arms on Environment 2013 - Situation Analysis Report of Initial Scoping Process of the 
Stiegler’s Gorge Hydropower Project 

are not publicly available, and neither are any other documents associated with the Odebrecht 
project, despite Odebrecht’s statement that the project should “establish a participatory, 
transparent, and effective communication and information system through which local 
populations, Government, and other stakeholders can access data and information regarding 
the project and contribute with suggestions and critiques to improve plans and programs”. 

Odebrecht describes the engineering proposal as follows: 

 Concrete-faced rockfill dam (CFRD) on the Rufiji river with a maximum height of 126 m 
and 700 m in crest length, and 4 saddle dams with a total length of 13.9 km closing the 
southern limit of the reservoir, forming a 1,200 km2 large reservoir with 22 billion m3 
(bcm or km3) of live storage 



 Volume of main dam 5 million m3, and of saddle dams 6.1 million m3, partially from 
excavations (dam foundations, spillway, tunnels, powerhouse caverns – total of 8.7 
million m3) and partially from quarries 

 During construction, coffer dams as well as river diversion tunnels on the left bank, one 
of which will later be adapted as bottom outlet with 500 m3/s capacity 

 Gated spillway next to the dam on the right bank, dimensioned for discharge of 
Probable Maximum Flood (PMF) inflow of 20,000 m3/s 

 Intake tunnels leading to two underground symmetrical powerhouses, one on each 
bank, with 4 units of 262 MW each or a total of 2,096 MW, and tailrace tunnels leading 
back to the river 

 A 400 kV, 200 km transmission line for each powerhouse 

 233 km of roads to the left and right bank construction sites 

There are no concerns over the ability of Odebrecht to design and build a safe and functional 
project along these lines, as they have done in several other projects, including larger and more 
challenging ones. 

The original 1980 proposal by Norwegian consultants, subsequent reports and the 2013 
Odebrecht report, all call for implementation of the powerhouses (and possibly of reservoir 
filling and saddle dam construction) in stages. The total cost is slightly higher than if the entire 
project is built in one stage, but by building in stages the project’s output can be better adapted 
to the growth in power demand. Also, the probability of having enough water to run one 
powerhouse is higher than for two powerhouses, and hence 74% of the firm power is 
generated by the first powerhouse. 

To understand the influence of the large reservoir on river flows and power generation, it has 
to be seen from a comparative perspective. The Stiegler’s Gorge reservoir is far larger than any 
previous reservoir in East Africa, but would not be exceptionally large for its river. Live storage 
in the reservoir would amount to 88% of the average annual flow. This would allow capturing 
seasonal high flows, and storing them for the low flow season. But it would not be sufficient to 
regulate inter-annual variations (i.e., take water from ‘wet years’ into drought years). As known 
from other, even more highly regulated African rivers, with similar flow variability, the highest 
floods and the most serious droughts can only be mitigated, but not avoided. 
 

 Average Annual 
Flow at Mouth 

Total 
Storage 

Live 
Storage 

Degree of 
Regulation 

Zambezi River / Kariba & Cahora Bassa Dams 107 km3 236 km3  121 km3 1.13 

Nile River / Aswan Dam 89 km3 162 km3 131 km3 1.47 

Volta River / Akosombo Dam 38 km3 148 km3 60 km3 1.58 

Rufiji River / Stiegler’s Gorge Dam 25 km3 34 km3 22 km3 0.88 

 
Regarding flood control, for example, the PMF at Stiegler’s Gorge would fill a completely empty 
live storage within 13 days. In practice, because Stiegler’s Gorge is not a flood control reservoir, 
a flood would not encounter a completely empty reservoir. If a flood of 20,000 m3/s occurs at a 
reservoir water level of 186 masl, the reservoir level can rise to 188.5 masl within a few days. 



After that, the reservoir cannot absorb additional flood waters and needs to pass them through 
the spillways. Assuming a flood rising and falling within approximately 10 days, the peak 
outflow is reduced to 16,000 m3/s.  

The reservoir can be expected to perform as follows: 

 Significant seasonal variations in reservoir water levels, exposing hundreds of km2 of 
mudbanks in the dry season 

 No short-term variations in water levels (as the reservoir is too large to respond to 
slightly varying inflows, or slightly varying water releases, as power generation follows 
power demand between daytime and nighttime, and between weekdays and weekends)  

 Significant evaporation from reservoir surface (for comparison, the reservoir covers 
1/5th of the area of Lake Nasser, which loses 10-16 km3 of water per year to 
evaporation) 

 Reduced larger floods, and eliminated smaller floods. An annual controlled flood release 
for environmental purposes of 2,500 m3/s may be planned, although this is unclear in 
the documentation. 

Odebrecht’s chapter on the preliminary environmental and social evaluation formulates high 
objectives, including achieving positive environmental and social impacts, complying with IFC 
performance standards, and conducting a SEA. Achieving such high objectives would be difficult 
under any circumstances. It is made more difficult in this case, by  

 A lack of capacity and experience in modern best practices in sustainable hydropower 
development, in Tanzanian government institutions and Tanzanian environmental 
consultancies, such as the one hired by Odebrecht for the environmental assessment; 

 The fact that the engineering design is done before the EIA, leaving limited room for the 
avoidance and minimization of impacts; 

 The fact that the entire project infrastructure is within a high-value protected area, and 
additional impacts are expected on a high-value protected area downstream. 

Odebrecht initially contracted with a Tanzanian environmental consultancy, Arms on 
Environment, for a scoping report for the EIA. This firm is officially registered as an EIA 
consultant and has done EIAs for other hydropower projects before. Nevertheless, the scoping 
report is of poor quality. No additional engineering and environmental documents have been 
shared with the public since 2013.  

A number of Tanzanian academics have also published papers and reports which cover the 
environmental impacts of the Stiegler’s Gorge project, but in the absence of specific 
information on the siting, design and operations of the project, often remain vague. 
 

Expected Impacts 

A number of impacts can reasonably be expected from the Stiegler’s Gorge project, on the SGR 
and the RFM Ramsar Site. Although most of the discussion of impacts to date has focused on 
the Selous, the downstream impacts are included here because they are functionally related to 
the Selous, and because they are ecologically relevant in their own right.  



The focus here is on ecosystem and ecosystem services degradation which would pose a risk for 
the OUV of the SGR and for the value of RFM as a Ramsar site. (There are additional risks for 
Tanzania, which are not included here because they are not relevant to the protected areas.) 
The screening is based on currently available information specific for Stiegler’s Gorge, the 
author’s knowledge of the area, and precedents from comparable projects. The impacts are 
ordered from upstream to downstream. 

Impact Description Mitigation Options Level of Concern 
after Mitigation 

Reduction in 
aquatic 
biodiversity 
and abundance 
above reservoir 

Some species are 
dependent on 
migration past 
Stiegler’s Gorge, and 
would be stopped by 
the dam and the 
reservoir with 
unfamiliar low velocity 
flows 

In practical terms, none. No 
upstream fish passage 
could be designed for this 
high dam, and in any case, 
fish that could pass the 
dam would have to 
navigate an unfamiliar lake 
environment. Catch and 
release is unlikely to be 
practical. Downstream 
passage as larvae depends 
on flow velocity, and as 
adult fish on mortality in 
turbines 

Medium. Fish 
biodiversity and life 
cycles are poorly 
known, but no 
major migrations 
have been 
reported. Little 
concern for 
upstream fishery 
productivity (not an 
important source 
of protein today, 
and new species 
may take ecological 
niches left by 
migratory fish) 

Changed fish 
community in 
reservoir 
stretch of the 
Rufiji 

The reservoir will 
provide habitat for 
different (and possibly 
non-native) species. 
Total biomass may 
increase, typically with 
an initial spike, and 
river species may be 
displaced. RUBADA 
speaks of 3,700 
tons/year permanent 
yield, and 20,000 
tons/year initial yield, 
primarily of tilapia. 

In principle, research could 
be conducted to select 
desired fish species, and a 
managed fishery could be 
established. But 
introduction is difficult to 
control, and establishment 
of fishery and presence of 
fishermen potentially 
conflicts with conservation 
objectives 

Medium. Unclear 
whether high 
productivity fishery 
could be 
established, even if 
fish are introduced; 
also unclear 
whether Tanzania 
could effectively 
control entry of 
fishermen 

Sediment 
deposition at 
top of reservoir 

Large amounts of 
sediment will settle 
out once the Rufiji 
slows down, possibly 

In practical terms, none. In 
some reservoirs with high-
value navigation, dredging 
is carried out. Deposition 

Low. No particular 
interests at tail end 
of reservoir, and 
very long reservoir 



creating 
environmental 
nuisances and 
backwater effects.  

will take many decades 
before it affects storage 
space.  

lifespan. 

Eutrophication 
& invasive 
aquatic plants 

Nutrients coming into 
reservoirs and high 
temperatures may 
induce high primary 
productivity, algae 
blooms, and plant 
pests. These can cause 
water quality issues 
and operational 
problems at 
hydropower station, 
but are unlikely to 
increase evaporation. 

Initial spike in primary 
productivity inevitable, and 
invasive plants such as 
hyacinth and fern likely, but 
manageable through low-
tech mitigation (plant 
removal near intakes), 
probably not requiring 
chemical treatment. 

Low. Overall level 
of nutrients and 
organic materials in 
river inflows, soils 
and vegetation is 
limited; like most 
large reservoirs and 
natural lakes in 
East Africa more 
likely to be 
oligotrophic. 

Stratification of 
reservoir and 
GHG emissions 

Reservoir will emit CO2 
and CH4 at higher 
rates that the 
ecosystems that it 
replaces, particularly if 
stratification into 
different layers occurs  

In practical terms, none.  According to the 
UNESCO/IHA risk 
screening tool, 
medium risks of 
significant GHG 
emissions 

Water quality Under special 
conditions, water 
quality can be 
impaired by pollution 
of rivers, along shores, 
by atmospheric 
deposition, or by 
release of soil 
compounds (for 
example, mercury) 

In practical terms, none. Low because of low 
human populations 
and large capacity 
of dilution and self-
purification 

Evaporation Large water surface 
area increases 
evaporation rates; 
quantities will be 
significant 

Keeping the reservoir as 
empty as possible; diking 
off shallow reservoir arms  

Medium. Reduces 
power generation 
and downstream 
water use 
accordingly, may 
lead to increased 
salinity in delta, 
minor impact on 
microclimate 



Shoreline wind 
erosion 

Large exposed 
mudflats and 
sandbanks during the 
dry season can lead to 
dust storms. 

Keeping the reservoir as full 
as possible 

Medium. Very 
large areas may be 
exposed. Dust 
storms may be a 
familiar natural 
phenomenon in 
area, but would 
increase because of 
unconsolidated 
soils with no 
vegetation cover  

Inundation of 
terrestrial 
habitats 

For comparison, 1,200 
km2 of wildlife habitat 
is larger than the 
majority of Tanzanian 
national parks. 
Terrestrial biodiversity 
and abundance of 
animals is large, 
because of the variety 
of land forms and 
habitats; the 
availability of food and 
water; and the large 
extension and 
remoteness. The 
Selous provides 
globally significant 
habitats for 
charismatic and 
endangered species; 
there is no 
information on species 
endemic to the project 
area. 

Compensation by managing 
remaining habitat better 
and/or by expanding Selous 
by equivalent habitats 
(biodiversity offsets, likely 
upstream or downstream 
along the Rufiji River, at 
least by the same amount 
lost to the project) 

High. For various 
reasons, 
compensation is 
unlikely to be 
feasible (lack of 
political will to use 
available resources 
for better 
management, lack 
of replacement 
land, 
irreplaceability of 
Rufiji ecosystem). 
Effects on internal 
migration routes 
uncertain, animals 
will adapt to some 
extent. Impact on 
migration corridors 
outside the Selous 
unlikely.  

Increased 
access by 
poachers 

Poaching is facilitated 
by access to the 
reserve and within the 
reserve created by 
permanent and 
temporary roads. 
Poachers are still using 
tracks created by oil 

Depends largely on political 
will to allocate resources to 
anti-poaching operations, 
and to reduce demand for 
ivory and other resources 

Medium. Could be 
managed with 
effective entry 
control system to 
the reserve, and 
surveillance within 
the reserve, 
supported by 



exploration in the 
1970’s. The main 
access road is 
expected to be 120 km 
long, from Chalinze. 

project funds; 
however Tanzania 
has poor track 
record in this 
regard  

Temporary 
pressure on 
wildlife, 
firewood etc. 
by construction 
workers and 
camp followers 

If camps are not self-
contained, workers 
several thousand for a 
project of this scale) 
and camp followers 
will use natural 
resources 

Depends largely on 
willingness and ability of 
contractors to enforce 
control over work camps, 
and camp followers 

Low. Odebrecht 
has shown ability 
to run well-
managed camps; 
low need for 
permanent 
operational staff  

Land 
disturbance for 
roads, 
transmission 
lines, camps, 
industrial 
areas, quarries, 
spoil deposits 
etc. 

Opening an industrial 
site can cause land 
disturbance on a 
major scale, which can 
take decades to heal 
in a dry forest and 
savanna environment.  

Smart construction 
planning can minimize 
disturbance to some extent 
(for example, quarries in 
future reservoirs, reuse of 
excavated material in 
saddle dams or for 
landscaping, land 
rehabilitation with native 
species). Some areas will 
remain permanently 
disturbed, but 
infrastructure can be sited 
and designed to minimize 
impacts on high-
conservation value areas.  

Medium. 
Odebrecht has 
shown ability to 
minimize 
construction 
impacts, but some 
permanent impacts 
are unavoidable. 

Temporary air, 
noise, solid 
waste, and 
wastewater 
impacts 

Construction traffic, 
machinery, camps can 
generate significant 
amounts of pollution 

Modern, well-operated 
machinery and vehicles, 
and well-managed camps 
and industrial sites with 
wastewater treatment and 
waste disposal can reduce 
impacts 

Low. Odebrecht 
has shown ability 
to minimize 
construction 
impacts. Animals 
will avoid areas 
temporarily but 
return, as they do 
to tourist camps. 

Reduction of 
attractiveness 
to tourists 

Photo and hunting 
tourists are the main 
sources of revenue for 
the management of 
the Selous, and an 
important economic 

Minimization of 
disturbance, as described 
above, will also reduce 
impacts on tourists. 
Alternative sites may be 
developed for tourists, and 

Medium. The 
Selous is currently 
visited by less than 
1% of visitors to 
Tanzania, and the 
dam site and 



factor for Tanzania, 
and may be deterred 
from visiting the area, 
which loses its 
character as the last 
remaining large 
wilderness. The 
northern area, where 
Stiegler’s Gorge is 
located and which is 
easier to access, is 
largely allocated to 
photo tourism. Photo 
tourism is a small 
industry, with only 248 
beds in the northern 
camps, but has growth 
potential. Tourism 
near the dam site may 
partially recover once 
construction is 
finished. But tourism 
along the lower Rufiji 
lakes and in coastal 
areas might suffer 
increasing damage 
over time.  

road and services 
improvements will provide 
some benefits. 

reservoir area are 
difficult to access 
and not currently 
high on the 
tourists’ agenda. 
However, the 
tourist potential of 
the Selous is high, 
and the discussion 
on the project and 
the possible loss of 
the World Heritage 
status will deter 
tourists. Also, 
downstream areas 
of high 
attractiveness will 
be impacted (for 
example, lakes that 
depend on annual 
flow pulses).  

Short-term 
fluctuations in 
flow releases 

Due to its unique role 
in the power system, 
Stiegler’s Gorge will 
have to provide both 
base load power and 
peak load power. 
During normal 
operations, flow 
releases will therefore 
vary with power 
demand. This may 
lead to sudden water 
level rises and drops 
below the dam.  

Ramp-up and ramp-down 
rules determine how 
quickly river levels can be 
changed. 

Low. Limited 
impact because 
Stiegler’s Gorge is 
likely to be 
operating 
continuously to 
supply base load, 
and because river 
valley broadens 
below Stiegler’s 
Gorge, so that any 
increases in water 
levels dissipate.  

Reduction in 
seasonal 

The reservoir will 
eliminate smaller 

In principle, the reservoir 
can be operated to mimic 

High. Combined 
with the lack of 



variability of 
flows 

floods and reduce 
larger floods. This will 
reduce the ability of 
the downstream river 
to transport sediment, 
shape the river 
channel, connect to 
oxbow lakes within 
the Selous as well as in 
the downstream 
floodplain, and 
maintain the natural 
dynamics of the delta. 
Low-flow periods 
(which may be 
important, for 
example, to expose 
sandbanks for use by 
reptiles) will also be 
eliminated.  

natural variability of flows. 
Keeping the reservoir full at 
all times means that 
inflows equal outflows, the 
reservoir is essentially 
operated as run-of-river, 
and downstream flows are 
unchanged from natural 
conditions. However, in 
practice, the generation 
gain from increasing the 
head is overcompensated 
by the generation loss from 
spilling and evaporation, 
and run-of-river operations 
are therefore commercially 
not viable.  

sediments 
(described below), 
the reduced 
variability will 
significantly affect 
the natural 
dynamics of 
downstream 
freshwater and 
coastal ecosystems, 
and prime habitats 
of many species.  

Reduction in 
sediment load 
and changes in 
geomorphology 

Except for some fine 
silt which remains in 
suspension, initially no 
sediment will pass 
through the reservoir 
and replenish the 
downstream areas. 
The river downstream 
of the gorge will start 
eroding its banks and 
beds, and over time, 
will change its course, 
affecting human use 
and infrastructure as 
well as habitats in the 
floodplain and delta. 
The coastline is likely 
to retreat. Over time, 
trapping efficiency of 
the reservoir will 
diminish and more 
sediment will pass 
through. 

Stiegler’s Gorge has a 
bottom release which can 
be used to flush sediments 
from reservoir, but this 
requires emptying the 
reservoir and foregoing 
power generation. It is 
more likely that the bottom 
outlet would only be used 
for emergency drawdowns 
of the reservoir, and 
possibly in the very distant 
future when sediment 
starts affecting the intakes.  

High. Changes to 
downstream 
morphology are 
inevitable and may 
lead to major 
disruptions over 
time. The biggest 
unknown is how 
much sediment the 
river can re-
mobilize by eroding 
the alluvial 
floodplain, before 
the effects reach 
the delta. 



Reduction in 
aquatic 
biodiversity 
and abundance 
below reservoir 

Changes in flow 
quantities and 
variability, water 
quality (primarily 
turbidity and salinity, 
possibly temperature), 
access to upstream 
river stretches for part 
of life cycles, and 
geomorphology will 
change habitat 
conditions for all 
aquatic organisms, 
including endangered 
species (for example, 
Dugong and sea 
turtles), subsistence 
fishing species, and 
commercially relevant 
species (for example, 
prawns and shrimps). 
The impact of changed 
turbidity and nutrient 
delivery on coral reefs 
in the Mafia channel is 
uncertain.  

The cumulative impact of 
multiple changes listed 
above, will affect different 
species differently in ways 
that are impossible to 
predict, and it is unlikely 
that the reservoir would be 
operated to reduce 
impacts. There may be 
some mitigation and 
compensation measures to 
improve natural resource 
management and 
conservation in the 
floodplain, delta, and 
adjacent marine areas. 

High. The Rufiji-
Mafia-Kilwa 
Ramsar Site is of 
international 
importance, and 
even among 
Ramsar sites is 
unique for its 
combination of 
different tropical 
coastal ecosystems. 

Reduction in 
ecosystem 
services for 
downstream 
inhabitants 

Over 150,000 people 
inhabit the Rufiji Delta 
and floodplain, and 
another 50,000 the 
offshore islands. A 
majority rely for their 
livelihoods on the 
extraction of natural 
resources or on other 
activities dependent 
on ecosystem services 
(such as fishing, 
riverbank cultivation 
dependent on 
seasonal floods, and 
mangrove wood 
extraction for 

The impacts originate in 
reservoir operations and 
subsequent biological and 
physical changes, but are 
too complex to be 
effectively managed. There 
may be some mitigation 
and compensation 
measures, as mentioned 
above. Protection from 
floods should not be 
overestimated, as large 
floods will still occur and 
the elimination of smaller 
floods may create a false 
sense of security. There are 
plans for formal irrigation 

High. Given the 
pre-existing 
poverty and 
pressures on 
natural resources, 
household 
livelihoods and 
living standards are 
vulnerable to 
further disruptions. 



government would put at risk protected areas of this quality, when there are multiple other 
power supply options, including other hydropower sites, with similar costs and lower risks.  

IUCN, the UNESCO World Heritage Centre, and the Ramsar Convention Secretariat have an 
opportunity to assist the Tanzanian government in taking better care of these exceptional sites, 
and basing strategic energy development decisions on better information. The IUCN/UNESCO 
mission should encourage government to share the currently available information, in order to 
allow additional expert input, to open up a dialogue with the Ramsar secretariat, and to 
consider alternatives to Stiegler’s Gorge. 
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