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EXECUTIVE SUMMARY
Energy security and water security are linked through hydropower dams. Water security means
more than sufficient potable water supply and sanitation. It also means the myriad of environmental
services, human livelihoods and food production systems that are dependent upon a healthy, functional
and dynamic river system. These essential amenities are frequently--but often unnecessarily-compromised by hydropower dams, of which there are some 12,000 now operating globally. Africa’s
hydropower development is about to undergo a quantum leap, as it must with access to electricity being
as low as 3% in some African countries. An additional driver is the global movement in the direction of
carbon-free sources of power.
Development assistance agencies are re-engaging in energy and water infrastructure and,
specifically, multi-purpose hydropower in an environmentally responsible and socially acceptable
manner. This project focuses on reoperation of hydropower dams to improve their environmental
performance. More specifically, this project aims to provide three tangible benefits to development
agencies, their clients, and water management institutions and stakeholders generally:
1) Screening Model: Produce a robust conceptual model that will enable individuals with varying
levels of training and experience to reconnoiter a large number of hydropower dams to
ascertain which are, and which are not, good prospects for a more definitive feasibility study,
leading to the development of an implementable reoperation plan. The design and logic of
REOPS is explained in detail in the body of the report.
2) Opportunities List: Provide a reoptimization “opportunities list” for Africa that identifies the
hydropower dams, and complexes of dams, which would be the best targets for such a detailed
feasibility study, with a preliminary indication of the reoperation strategy that appears to be
most promising.
3) Lessons for New Dams: Provide insights as to how the next generation of hydropower dams can
be sited, designed and operated to be most environmentally compatible. By studying how the
environmental performance of existing dams can be improved, better decisions regarding future
dams can be illuminated.
The project used the AquaStat "Geo-referenced database on African dams" as the base data source
for compiling an inventory of major hydropower facilities on the African continent. Dams less than 15 m.
in height and dams without hydropower production were eliminated from this dataset at the outset.
The AquaStat database was cross-referenced with the UDI World Electric Power Plants Data Base
(WEPP), a global inventory of electric power generating units. From this, an inventory of 141 large
hydropower dams in Africa was created. The geo-referenced information from AquaStat was used to
create a GIS map of dam locations in Africa, which also included layers containing information on
Ramsar sites, UNESCO World Heritage Sites, IUCN protected areas, and hydrology and land cover
characteristics. Information garnered from this map, along with additional internet resources was used
to catalogue the river system, dam and power sector data needed to utilize the REOPS tool.
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Of the 92 dam units (unitizing the cascades or complexes that are operated in a coordinated
manner), nine were considered good candidates for reoptimization (six individual dams and three
cascades). Additional information (generally in the form of coarse operations modeling) is needed to
determine whether another five may be feasible candidates.
The initial application of the REOPS tool, using readily available information, left some 44 individual
dams in an indeterminate category. To resolve the outstanding questions for these dams, and to further
“test drive” and refine the tool itself, NHI decided to organize a representative sample of field
consultations with local experts. We selected four countries for this field work, based on considerations
of the concentration of the dams in the indeterminate category, geographic diversity, and an interesting
range of the types of dams under investigation. On this basis, we selected Kenya, Ethiopia, Cameroon
and Nigeria. The information garnered from the investigation was then integrated with information
gathered during the desk study.
The dams and dam units determined to be the best candidates for detailed investigation to develop
a reoperation plan are as follows:
Country

Côte d'Ivoire

Dam Unit
Bandama River Dams
Buyo

Dam(s)
Kossou
Taabo
Buyo
Akosombo

River

Sub-basin

Bandama

West Coast

Sassandra

West Coast

Volta

West Coast

Ghana

Volta River Dams

Guinea

Garafiri

Garafiri

Konkouré

West Coast

Turkwel

Turkwel

Turkwel

Rift Valley

Kpong dam / Dikes

Gitaru
Kenya

Kamburu
Tana River Dams

Tana

Kiambere

East Central Coast

Kindaruma
Masinga
Mali

Manantali

Manantali

Bafing

Senegal River Basin

Mozambique

Cahora Bassa

Cahora Bassa

Zambezi

Zambezi Basin

Togo

Nangbeto

Nangbeto

Mono

West Coast
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Conclusions
1) The opportunities for beneficial reoperation of existing hydropower dams are frequent.
2) For the African dam units that the REOPS tool found to be the most promising opportunities
for reoptimization, a more definitive technical investigation may be warranted.
3) In many cases, the effects of existing dams are likely to be superseded by new downstream
dams.
4) Analysis of potential for reoperation of existing hydropower dams also illuminates principles
for more environmentally compatible siting, design and operation of new hydropower dams.
Site selection:
•

•

Avoid sites that will affect flows into environmentally valuable river features such as
floodplains, wetlands, deltas, estuaries and protected areas. Generally, these tend to be
found in the lower portions of the watershed. Thus, sites higher in the watershed are
generally less impactful than those lower in the watershed.
Sites on tributaries are better than sites on the mainstem of the river. This tends reduce the
flow alteration on the mainstem of the river.

Design choices:
•
•
•
•
•

Smaller reservoir capacity relative to the volume of annual inflow is preferable to larger
dams.
Smaller powerhouses relative to the existing grid capacity are preferable.
Install excess turbine and transmission capacity so that the dams can be reoperated to
release controlled flood events through the powerhouse during the rainy season.
Include a re-regulation dam or pumped storage component if the dam is to be operated as
peak power facility.
Avoid diversion dams above ecologically important river reaches

Operations:
•
•

Operate the dam in a run-of-the river mode to the extent possible.
Incorporate flood control to release routine floods but avoid catastrophic floods in the
downstream environment.

5) Include sediment removal and reduction in “rehabilitation” strategies.
6) The utility of the REOPS screening tool has been amply demonstrated in the African setting
and is now suitable for application in most other settings. In some settings, however, some
further refinements and adaptations will be warranted. Examples include multi-purpose dams
where hydropower is subordinate to water supply or flood control and settings where smallscale hydropower diversion projects predominate.
3

BACKGROUND & RATIONALE
Energy security and water security are fundamental to development, and in many countries the two
are closely linked through hydropower dams, many of them multi-purpose. In this context, water
security means more than sufficient potable water supply and sanitation. It also means the myriad of
environmental services, human livelihoods and food production systems that are dependent upon a
healthy, functional and dynamic river system. These essential amenities are frequently but often
unnecessarily compromised by hydropower dams, of which there are some 12,000 now operating
globally. In the near future, this number is going to grow precipitously in some regions, notably Eastern
and Southern Asia and throughout the African continent, to meet the large and growing gap between
electricity supplies and demand in these regions. At present, 1.6 billion people worldwide lack basic
electricity service, with access rates falling as low as 3% in some African countries. The current capacity
to store and manage water is also limited: storage averages less than 900 m3/capita across Latin
America, Asia, and Africa compared to over 5,000 m3/capita in North America and Australia. An
additional driver is the global movement in the direction of carbon-free sources of power, the
predominant candidate for which has been, and will remain for the foreseeable future, electricity
generated from falling water.
Thus, hydropower lies at the nexus of energy and water resources management with critical ties to
social and environmental sustainability. Developed and managed sustainably, multi-purpose hydro
developments can offer essential options to middle and lower income countries alike, as it has to
developed countries in the past. Considerable hydropower potential exists in these developing
countries, and client governments have expressed strong interest in international support.
Development organizations are re-engaging in energy and water infrastructure and, specifically,
multi-purpose hydropower in an environmentally responsible and socially acceptable manner. This
project focuses on rehabilitation of existing facilities where “rehabilitation” covers repair and upgrading
of physical components and reoperation.1
Although rehabilitation is unlikely to fill the full demand for energy services, its role in energy and
water infrastructure portfolios has certain advantages:
•
•
•
•

Shorter project preparation and development time
Less environmental and social disruption and, with reoperation, the possibility of improving
environmental and social performance (especially downstream)
Potential to generate multi-purpose benefits from power-only infrastructure or potential to realign operating rules and water management to meet new/evolving priorities
Lower risk profile due to greater knowledge and experience of local conditions.

Projects aimed to rehabilitate and upgrade dams have increased since the mid-1990s, reflecting the
age distribution of dams and hydropower facilities. Much of this growth has been in Europe and North
America accompanied by changes in water management to address changes in markets and public
1

Note that reoperation is largely related to changes in operating practices but could include structural changes to enable
changes in water or environmental management.
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values related to environment and social responsibility. Although most projects focus on energy
improvements, some also address social and environmental values.

Objectives
The Terms of Reference (ToR) for the Natural Heritage Institute (NHI) portion of the project address
one component of a package of studies on rehabilitation2 of hydropower facilities. The overall objectives
of the package of studies are to enhance the contribution of rehabilitation of existing hydropower
facilities to water and energy security in developing countries. More specifically, the studies aim to:
1. Assess the potential for rehabilitation, and associated constraints and success factors;
2. Identify a potential portfolio of promising/high priority opportunities for Africa; and
3. Develop tools to assist team leaders and sector specialists to identify, assess and prepare
rehabilitation projects
The NHI portion of the project was narrowly focused on the water management aspects of
rehabilitation. Water management and regulation cover improvement/restoration of downstream
ecosystem functions and services (e.g., floodplain livelihoods, food production systems) and reservoir
management (e.g., riparian habitat, erosion). The specific objectives were to develop and apply a rapid
assessment tool and identify potential reoptimization opportunities for enhancing ecosystem functions,
human livelihoods and traditional food production systems without significant reduction in hydropower
benefits.
This work is designed to provide three tangible benefits to the development organizations and
water management institutions and stakeholders:
4) Screening Model: A robust conceptual model that will enable individuals with varying levels of
training and experience to reconnoiter a large number of hydropower dams to ascertain which
are, and which are not, good prospects for a more definitive feasibility study, leading to the
development of an implementable reoperation plan. While this tool was developed for initial
application in Africa, it is designed to be used in geographies throughout the world. That tool is
called the “Rapid Evaluation Tool for Screening the Potential for Reoptimizing Hydropower
Systems” or “REOPS.”
5) Opportunities List: A reoptimization “opportunities list” for Africa that identifies the
hydropower dams, and complexes of dams, that would be the best targets for such a detailed
feasibility study, with a preliminary indication of the reoperation strategy that appears to be
most promising.
6) Lessons for New Dams: Insights as to how the next generation of hydropower dams can be sited,
designed and operated to be most environmentally compatible. By studying how the environmental
2

The package of studies includes: (i) rapid assessment tools to identify potential projects (covering technical, market,
institutional and water management drivers), (ii) application of the tools to identify high potential projects in Africa and Latin
America, as well as a rough assessment of global potential, (iii) a series of case studies; (iv) a synthesis report on good
practices and lessons learned in rehabilitation projects with accompanying guidance notes; and (v) a study on possible
financing options for rehabilitation projects.
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performance of existing dams can be improved, better decisions regarding future dams can be
illuminated.
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DEVELOPMENT OF THE “RAPID EVALUATION TOOL FOR SCREENING THE POTENTIAL FOR
REOPTIMIZING HYDROPOWER SYSTEMS” (REOPS)
The design and logic of REOPS is explained in detail in the following section of this report that
presents the tool and provides guidance and instructions on its use. The tool has gone through several
iterations and revisions based on:
•

Literature Review: At the outset of the project, NHI conducted a desk study of literature
covering rapid assessment tools and methodologies for evaluating reoperation potential. Much
of the literature referred to methods for assessing rehabilitation for dam safety purposes and
some of it related to decision support systems used to determine environmental flow
requirements for African river systems. However, limited information was obtained on specific
methodologies for large scale evaluation of dams' potential for rehabilitation for enhancing the
downstream environment. A bibliography, including abstracts, of the literature that was
reviewed is included in Appendix A, under the following categories: environmental assessment
of dams, Decision Support Systems (DSS) and environmental flows, and African dam reoperation
case studies.

•

Expert Consultations: Consultation with experts on hydropower dam operations generally and
on African hydropower dams in particular. Many of the listed experts were consulted in the
process of refining REOPS, acquiring and verifying data to utilize the tool, and in verifying the
resulting. This list of experts can be found in Appendix B.

•

Testing of REOPS: An initial trial application of the tool was conducted in November 2008. This
resulted in significant changes, which are reflected in the current working version immediately
following. The REOPS tool is designed to assess both the environmental desirability and
technical feasibility of reoperation. Throughout the project, the criteria to assess these have
been refined to include a higher level of detail, consistent with the intention that it serves as a
reconnaissance level tool that can be utilized with publicly available information. Nonetheless,
we discovered that there are cases where such information is not readily available without
interviewing dam operators.
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Rapid Evaluation Tool for Screening the Potential for Reoptimizing
Hydropower Systems
Does the target dam control flows into river features of exceptional value for
ecosystems, livelihoods and/or food production?
Ecosystem, livelihood and/or food production benefits
TARGET RESTORATION SITE
Does the target dam control flows into any of the following:
• Floodplain
• Wetland
• Delta

No

• Estuary
• Designated/ protected
aquatic habitats
Yes

OTHER IMPAIRMENT FACTORS
Are there other factors in the downstream environment
which preclude environmental restoration?

Yes

Control of Flows?
Yes

INTERVENING TRIBUTARIES
Are there intervening tributaries that supersede the flows between the dam and target site?
No
NEW INTERVENING DAMS
Are new dams eminent that will supersede the flows from the target dam?

Yes

No
STORAGE and OPERATIONS
Seasonal Storage:
Is the effective storage capacity (net
of sediment accumulation) more
than 25%* of the mean annual
inflow into the reservoir?

No

Daily Storage:
Does the dam store and
release water on a daily
basis to meet peak power
demand?

Diversion:
Does the dam divert (rather
than store) water from
conveyance to a downstream
or trans-basin power plant?

No

Yes

Yes

No

Yes

Are there engineered options to accommodate changes in storage and operations?
Yes

TURBINE CAPACITY
Is there excess turbine capacity
during peak inflow events?

PUMPED STORAGE/ REREGULATION
Is there a good downstream
location for a new re-regulation
reservoir? Or up gradient location
for a pumped storage facility?

No

TURBINE RETROFIT
Is it feasible to add turbine
capacity?

No

No
EFFICIENCY UPGRADES
Can the power output per
unit of water be increased?

Yes

No

Yes

Study for
reoptimization

Yes

Continue to following page

*Provisional figure subject to local conditions
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Low Potential for Reoperation

No

Can the floodplain and reservoir perimeter accommodate changes in inundation patterns?
Yes

FLOODPLAIN LAND USES
Are there permanent settlements or land uses such as orchards in the floodplain, which cannot be
modified/ managed to accommodate controlled inundation events?
No
RESERVOIR PERIMETER USES
Are there human (ex. recessional agriculture) and/or ecosystem interests (ex. spawning
habitat) which depend on the current fluctuation in storage levels and inundation pattern
of the reservoir perimeter?

Yes

No

Cascade/ Complex Level
No

COMPLEX/ CASCADE
Is the facility one of a complex or cascade of
hydropower facilities in the same basin?
Yes
INSTITUTIONAL MECHANISMS
Is there an institutional mechanism for
coordinating cascade management?

Yes

Study for
reoptimization

No

Site Level
No

EFFICIENCY UPGRADES
Can the power output per unit of
water be increased?
Yes
POWER VARIABILITY
Is seasonal power variability tolerable?

Yes

Study for
reoptimization

No

Grid Level
GRID REOPERATION
Are there other sources of power
in the grid that can provide
substitute peak or seasonal low
runoff power?
Yes

No

GRID INTERCONNECTION
Are there other sources of power
in adjacent grids that can supplant
some fraction of hydro-power
during the seasonal low runoff
period(s)?
Yes
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No

Study for
reoptimization

Low Potential for Reoperation

Feasibility of compensating for changes in power generation schedule

EXPLANATION AND GUIDANCE FOR USE OF THE REOPS TOOL
Overview:
The Rapid Evaluation Tool for Screening the Potential for Reoptimizing Hydropower Dams (REOPS)
was developed out of a global survey of the opportunities to reoptimize the operations of major dams,
which is being conducted by the Natural Heritage Institute under initial funding from private
foundations.
REOPS is a conceptual model designed to quickly and efficiently screen a large number of dams to
identify those that are the most promising candidates for beneficial reoperation. In a world in which
there are some 12,000 large hydropower facilities currently operating--or in the case of the continent of
Africa, 141 such dams--this tool enables the user to determine where to invest limited financial
resources to conduct technical feasibility studies leading to the development of an implementable
reoptimization plan for hydropower dams. For instance, application of the tool in Africa revealed that
there are six individual dams and three complexes of dams that appear to be worthy of further more
intensive investigation. There are also a number of cases (five altogether) where the tool did not yield a
clear verdict. These will require some preliminary operational modeling to resolve.
The tool is designed to be used by individuals with varying levels of training and expertise, ranging
from local community leaders and NGOs to project operators, development assistance officials, national
planning agency officials or other experts. It requires only information that is fairly readily available
from the open literature or from site inspection, and does not require detailed technical assessments.
As a rapid assessment tool, it intentionally oversimplifies the subtleties and complexities of the many
physical requisites for successful reoperation. Thus, it necessarily misses some opportunities (false
negatives) and selects in favor of some dams that will prove to be infeasible on closer inspection. In
sum, it sacrifices some precision for greater speed and efficiency.
REOPS is a “dichotomous key”, in which one proceeds through a logic pathway by answering a series
of queries in either the affirmative or negative. Depending on the answer, one will either default out of
the pathway, with the conclusion that the dam is not a good candidate for reoptimization, or will be
directed to the succeeding cell. The cells themselves are organized around four major considerations:
(1) whether the dam controls flows into downstream river features of exceptional biological
productivity; (2) whether the powerhouse itself is or can be made suitable for reoperation; (3) whether
the land uses in the river basin, downstream and upstream of the dam, are amenable to reoperation;
and (4) whether any of three types of techniques for accommodating changes in the schedule for power
generation are feasible. Thus, there are two converging lines of inquiry, one concerning the physical
characteristics of the affected river basin, and one concerning the physical characteristics of the dam,
reservoir and powerhouse.
It is also important to note that REOPS assesses only the physical requisites for successful
reoptimization of hydropower dams. Facilities that survive this technical analysis must then also be
subjected to an economic feasibility analysis that will weigh the costs and benefits of reoptimization to
see where the break-even point may lie. That will often determine whether, and to what extent,
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reoperation is economically justified. For instance, in a typical reoptimization case, the array of costs
and benefits might look this:
Cost to:
 Increase turbine capacity


Upgrade turbine efficiency



Increase transmission capacity



Increase thermal generation



Remove floodplain constraints, levees

Benefits:
 Improved livelihoods/food production


Increased total power output



Improved interannual reliability



Reduced flood risk



Climate change adaptation

There may yet be a further sieve before the dam is finally selected for a detailed reoperation study.
That concerns the legal, political and institutional feasibility of reoptimization. In our experience,
however, hydropower dams that appear to be good prospects for operational improvements on physical
and economic grounds are unlikely to face legal or political resistance.
We will now proceed through each of the REOPS cells to provide an explanation and guidance in the
use of the tool.
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Does the Target Dam Control Flows into River Features of Exceptional Value for Ecosystems,
Livelihoods and/or Food Production?
Ecosystem, livelihood and/or food production benefits:
Target restoration site:
Reoperation of existing dams to produce a more variable flow pattern that mimics natural
conditions will only be worthwhile if that produces tangible improvements in the productivity of the
downstream river system. The types of benefits of interest include both improvements in aquatic
habitats and ecosystem functions, including morphological benefits, and improvements in riverdependent livelihoods and food productions systems, such as recessional cultivation, grazing, and
fishing. The precise flow characteristics needed for these benefits—expressed in terms of magnitudes,
duration, frequency and timing of flows—can only be ascertained through an environmental flow
assessment, which is time and resource intensive and therefore appropriate as a result of, not a
prerequisite to, a screening analysis. And, productivity benefits are a matter of degree.
Thus, a reliable and readily ascertainable proxy is needed to indicate whether a downstream river
reach is likely to benefit from dam reoperation. In general, there are four types of river features that are
particularly productive, both ecologically and in terms of human uses. These are: (1) broad, alluvial
floodplains, (2) wetlands systems that are, or formerly were, seasonally connected to the river, (3)
inland deltas, and (4) estuaries. By contrast, river canyons and gorges are less likely to yield large flow
restoration benefits, unless they harbor species of special conservation value.
These types of river features are readily identifiable by looking at maps, utilizing remote imagery
such as Landsat images or Google Earth, or learning where the dam is located relative to designated
protected areas in the basin, such as Ramsar sites, World Heritage Sites, Important Bird Areas,
designated habitat for endangered species, wildlife refuges, national parks, or other protected areas.
Depending on the number and size of intervening tributaries, these features may be affected by flow
regulation if they occur within a few hundred kilometers of the target dam.
If no such downstream features are found, the dam is probably not a strong candidate for
reoperation.
Other Impairment Factors:
Even if such river features are found, there are circumstances where the habitat values or human
livelihood values are so compromised by other factors that flow restoration will not do much good.
Examples may include mining operations in the river or riverbank, wastewater contamination from
agriculture of urban runoff, overharvesting of fish, and massive sedimentation from deforestation or
other erosive land uses. In such cases, again, it will not be worthwhile to improve the flow regime.
Information sources for target restoration site and other impairment factors
Bernacsek, G.M. 1984. Guidelines for dam design and operation to optimize fish production in
impounded river basins (based on a review of the ecological effects of large dams in Africa). CIFA
Tech. Pap., (11):98. Accessed October 2008 at:
http://www.fao.org/docrep/005/AC675E/AC675E00.htm
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Birdlife International. Important Bird Areas. Datazone. Accessed October 2008 at:
http://www.birdlife.org/datazone/index.html
IUCN. Red List of Threatened Species. 2008. Accessed March 2009 at: http://www.iucnredlist.org/.
Knaap, M. van der. Status of fish stocks and fisheries of thirteen medium-sized African reservoirs.
1994. CIFA Technical Paper. No. 26. Rome, FAO.
Shahin, Mamdouh. 2002. Hydrology and water resources of Africa. Dordrecht; Boston: Kluwer
Academic.
Thieme, Michele L. 2005. Freshwater Ecoregions of Africa and Madagascar : A Conservation
Assessment. Covelo, CA, USA: Island Press. Information available online at:
http://www.feow.org/.
Vanden Bossche, J.P. & Bernacsek, G.M. 1990-1991. Source book for the inland fishery resources of
Africa. Vols. 1-3. CIFA Technical Papers Nos. 18/1, 18/2,18/3. FAO, Rome.
Wetlands International. Ramsar Site Database. Accessed October 2008 at:
http://ramsar.wetlands.org/.
World Database on Protected Areas. Accessed October 2008 at: http://www.wdpa.org/.

Controlling Flows:
Where the desired riverine features are found, the next inquiry is whether the target dam actually
controls the flows through those river reaches; that is to say, does the operation of the dam actually
have a substantial impact on the magnitude, duration, frequency and timing of the flow patterns? The
following four considerations must be taken into account.
Intervening Tributaries:
If there are other streams flowing into the river between the target dam and the river feature of
concern, and if these provide substantial new flows, the effect of the target dam may be superseded.
This will depend on the relative volume of flows contributed by these intervening tributaries, and
whether they themselves are controlled by dams. In some cases, where the tributaries are not
controlled, they may actually enhance the reoperation potential of the target dam because a relatively
small additional season release from the target dam may be enough to produce a controlled seasonal
flood event in the downstream river feature of interest. So this consideration factor can cut both ways.
Information sources for intervening tributaries
University of New Hampshire - Water Systems Analysis Group. Accessed October 2008 at:
http://www.wsag.unh.edu/data.html.
USGS. Hydro 1k Africa dataset. Accessed October 2008 at:
http://eros.usgs.gov/products/elevation/gtopo30/hydro/africa.html.
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New Intervening Dams:
Not infrequently, large new dams are being planned or are under construction in the river reach
between the target dam and the river feature of interest for restoration. If it is a large dam, it is
probable that the effect of that new dam will supersede the effects from the target dam. In that event,
funding would be better spent on evaluating options for improving the siting, design or operation of the
new dam.
Information sources for new intervening dams
Africa Energy Intelligence. Accessed October 2008 at: http://www.africaintelligence.com.
Southern African Development Community (SADC). Status of the generation projects in the
Southern African Power Pool. Accessed October 2008 at:
http://www.sardc.net/Editorial/sadctoday/view.asp?vol=587&pubno=v10n4.

Storage and Operations:
A dam can only be said to control flows if it distorts the pattern of inflows into the reservoir.
Hydropower dams that release water into the downstream channel in rough proportion to the reservoir
inflow are called “run of the river” dams. These are not good prospects for a reoperation study simply
because they are already operated in a manner that is compatible with natural flows. Although these
dams may still damage fisheries and ecosystems, by blocking fish passage and disrupting sediment
flows, for instance, these impacts are outside of the scope of the TOR, which focuses on the water
management aspect of rehabilitation. We can eliminate these dams from further consideration.
For other dams, however, there are three modes of operating dams that make them potential
candidates for reoperation. These are considered below:
Seasonal storage:
Seasonal storage dams store water during the wet season(s) and release that water during the
dry season(s). They may also store water from relatively wet years for use in relatively dry years. In
doing so, they necessarily distort the natural hydrograph, in effect reducing flows in the
downstream channel during the wet season(s) and increasing flows during the dry season(s). As a
result, the natural variability in flows is lost and the river features of interest are deprived of both
the seasonal flooding and the low flows that drive their productivity. For these dams, reoperation
will entail moving their storage and release patterns more in the direction of run-of-the-river
operations, where the dam is used primarily to create (and maximize) the hydraulic head needed to
generate power.
“Storage” is a relative term, however, and there are two important considerations that bear
upon it. The first is that many dams progressively lose their effective storage capacity as a result of
sediment accumulation. Particularly in settings—all too familiar in Africa—where the upstream
catchment erodes large quantities of sediment during peak runoff events, due to deforestation and
intensive cultivation, the life of the reservoir may be measured in a few decades. Unless the
reservoir is dredged (often quite expensive) and the erosive land uses remediated (very difficult
because of the large numbers of land users), the reservoir will become increasingly like a run-of-the
-river project and less and less a good prospect for a reoperation study. Dams with a short
remaining lifespan are not worth the effort to reoperate.
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The second consideration is the percentage of annual inflow that the dam is capable of storing.
This can vary over a wide range. Some very large dams can store several years of inflow. Others
may store only a small fraction of the annual inflow. Even very large dams may fit in this latter
category due to the very high volume of flow in the river. The Three Gorges Project, for instance,
can store only about 11% of the mean annual flow of the Yangtze River in China. Does this make it a
“run-of-the-river” project that cannot be significantly reoperated? Not necessarily. But the
reoperational flexibility will clearly depend on these inflow/storage ratios. It is therefore difficult to
identify a threshold criterion. In most cases, however, a dam that can store less than 25% of the
annual runoff will probably not be a good candidate.
Daily storage:
Some dams store and release water on a daily cycle to follow the electricity demand curve as it
changes throughout the day. These are called “peak power” facilities. They generate power only
during the hours of the day of maximum power demand for that grid system, and will sharply reduce
or eliminate releases for the other hours of the day. This creates a sharp spike in the hydrograph,
which can be particularly devastating to the downstream river uses. Unless these dams can be
converted to a “base load” role in the power generation system, the only option for ameliorating
their destructive downstream flow pattern is to construct a pumped storage or re-regulation facility,
which is described below.
Diversion:
Some hydropower dams are actually just diversion barrages. These have very limited storage
capacity. Their function is to divert water into a canal or pipeline to convey it by gravity (but
without appreciable loss of elevation) to a downstream or transbasin powerhouse, where it is
released through penstocks to create the necessary hydraulic head. In these projects, the river
reach that suffers the greatest impacts is the intervening reach, which may be partially or entirely
dewatered, at least during the dry season. Where the water re-enters the same river downstream,
that intervening reach may not be lengthy and will probably be located in a river canyon with
relatively steep gradients. The ecosystem and food production values in this reach may not be
exceptionally high (on the other hand, if the diversion dam project survives the REOPS dichotomous
pathway to this cell, it is because those river resource values are judged to be important). Where the
project operates in a transbasin mode, the dewatering may persist for a much longer reach, and the
receiving basin may also suffer a major flow alteration.
Information sources for storage and operations
Information found primarily by online searching of dam name or operating entity.
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Are There Engineered Options to Accommodate Changes in Storage and Operations?
Turbine capacity:
Reverting back to the seasonal storage facilities (which represent the most practical and likely
candidates for reoperation), the next consideration is whether the power plant can accommodate
increases in power generation during the wet season, so that reservoir operations that move in the
direction of run-of-the-river will not forego power generation. In sum, we want to be sure that the
higher seasonal releases needed to generate a controlled flood event downstream do not by-pass the
turbines. If they do that, the reoperation amounts to a reallocation of benefits, not a reoptimization of
benefits. Whether this is possible depends on whether there is unused turbine capacity during the wet
season, under current operations. If so, that can be utilized to improve the release pattern. If not, we
move to the next cell.
Turbine Retrofit:
This cell ask the question whether it is feasible—technically and economically—to install additional
turbines in this hydropower facility such that additional water releases can be made through these
turbines in synchrony with the peak runoff events. There are three possibilities: (1) if the outlets from
the dam allow more water to be released than the capacity of the existing turbines, it may be possible to
add another turbine to the powerhouse; (2) if there is a flood spillway or tunnel that can be retrofit with
one or more turbines, that is a second option; (3), if neither of these are possible, we must ask whether
it is possible to add additional outlets to the dam.
In the event that we cannot make better use of existing turbines, or add additional ones, the target
dam will not be a good candidate for a reoptimization study.
Information sources for turbine capacity and retrofit
Information found primarily by online searching of dam name or operating entity.
Pumped storage/reregulation:
For daily peaking facilities, there are two engineered strategies for ameliorating the adverse effects
on downstream flow patterns. One is to construct a pumped storage facility. Under this approach, the
target dam would be reoperated to generate a fairly uniform release pattern during the course of the
day. Note, that still does not re-establish the seasonal variability that is desired for ecosystem
restoration, but it does eliminate the sharp changes in diurnal flows. During the times of non-peak
demand each day, this power would be used to pump water out of the reservoir into an upstream
(probably off-river) storage facility. Then during the hours of peak demand, this water would be
released back into the target reservoir through power turbines. There is a net power generation penalty
associated with this mode of operating and, again, it will be a rare circumstance where a power
company is willing to incur both the capital costs and the power generation losses to implement this
strategy for the benefit of downstream ecosystems and riverine communities.
Information sources for pumped storage/reregulation
Google Earth. Free download available at: http://earth.google.com/.
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Efficiency Upgrades:
The challenge in developing a reoperation strategy for diversion-type power facilities is that releases
of water into the downstream channel come at the expense of water released to the powerhouse, and
thus result in a reduction in power output. This is contrary to the “reoptimization” objective, which is to
reoperate to improve environmental performance without power generation penalties.
The option that can work is to upgrade the efficiency of the turbines in the powerhouse such that
the baseline power output can be maintained with less water throughput. In many cases in Africa, the
power plants are old, with deferred maintenance, and the potential for efficiency upgrades is quite
substantial.
Whether this reoperation strategy will be acceptable is more problematic. Interviews with power
officials uniformly revealed that they would not be willing to invest in efficiency upgrades and then
forego the resulting increases in power generation in order to create non-power benefits such as
improved ecosystems and food production. Thus, we conclude, that it will be a rare circumstances
where the environmental benefits are large enough and the power penalties small enough to make
these dams attractive candidates for reoperation.
Information sources for efficiency upgrades
Information found primarily by online searching of dam name or operating entity.

17

Can the Floodplain and Reservoir Perimeter Accommodate Changes in Inundation Patterns?
Floodplain Land Uses:
The issue here is whether the downstream river channel can accommodate larger magnitudes of
flow—shaped to create beneficial inundation patterns—compared to current conditions. This is an issue
because flow regulation by dams attracts settlement in the former floodplain. If the post-dam
settlement pattern is such that reintroduction of controlled flood events would create large risks to life
and property, that may preclude reoperation of the dam.
The important consideration here is that the post-dam land uses in the floodplain may or may not
be immutable. In general, we can say that permanent habitations on a large scale, as in the case of
riverbank towns or cities, may create such a pinch point, unless it is feasible to wall them off from the
river with berms or levees. By contrast, less intensive structural development, or structures that are
movable or of low economic value, may be moved somewhat higher up in the floodplain to
accommodate a controlled flood event. Indeed, a more productive floodplain may be incentive enough
to induce these changes voluntarily.
Agricultural uses of the floodplain may present a mixed situation. Grazing or annual cropping is
inherently malleable. Seasonal inundation may be quite beneficial to these land uses and easily
accommodated. If permanent crops have been planted in the floodplain, such as orchards with high
capital investments, the accommodation may be more problematic or precluded. Government land use
laws and policies may come into play here. For instance, in some countries, the national government
retains overriding ownership rights in floodplains, allowing them to require settlers to vacate in the
event the former flow regime is re-established.
Reservoir Perimeter Uses:
Reoperation of reservoirs will also affect land uses on its perimeter. In general, moving hydropower
operations in the direction of run-of-the-river will tend to stabilize reservoir levels toward the high end
of the range. That will eliminate lakeside land uses that may have arisen since the dam was built, and
will also reduce the seasonal change in lake levels that can be important for recessional agriculture and
spawning and rearing of some fish species. While these are artificial uses, they may have importance to
the local economy. An example is Lake Tana in Ethiopia. Again, where these uses must be preserved,
reoperation may be precluded or limited.
Information sources for floodplain and reservoir perimeter landuse
Google Earth. Free download available at: http://earth.google.com/.
Thieme, Michele L. 2005. Freshwater Ecoregions of Africa and Madagascar: A Conservation
Assessment. Covelo, CA, USA: Island Press. Information available online at:
http://www.feow.org/.
Additional information found through online search of reservoir name or river.
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Feasibility of Compensating for Changes in Power Generation Schedule
Changing reservoir operations from a storage modality in the direction of a run-of-the-river modality
necessarily entails changing the scheduling of power generation. Under a reoptimization approach, it
does not entail reducing the total power output, however. Indeed, in many cases, reoptimization may
actually increase annual power output quite substantially by increasing the average storage levels and,
consequently, the hydraulic head.
The reoperation will result in more power being produced during the rainy season(s) and less power
being produced during the dry season(s), compared to current operations. That will adversely affect the
power system reliability, unless compensating changes are made by other power generators in the
system. There are three possible ways in which the change in scheduling can be accommodated at the
level of (1) a complex or cascade of dams with coordinated operations, (2) individual dam sites, where
there is the opportunity to upgrade the efficiency of the powerhouse, and (3) the electrical grid, where
other generators can compensate for the change in power scheduling from the target hydropower dam.
1) Complex/Cascade:
Where the target power dam controls the flows into the river features of interest, and is part of
a complex of dams on several tributaries or a cascade of dams on the same river, it may be possible
to offset the change in power output at the target dam by also reoperating the other dams in a
compensatory manner. Essentially, one or more of the non target dams would be required to also
change its power generation schedule to produce more power during the dry season and less power
during the rainy season(s) than under current conditions. That will create even larger flow
distortions downstream of these compensating dams than occurs today. If the environmental assets
below the target dam are of exceptional value, however, the net effect on river productivity should
be positive.
Determining whether it is feasible to reoperate an entire cascade or complex in this manner will
often require creating a mass balance hydrologic tracking model to test various reoperation
scenarios. This is not a difficult challenge in most circumstances, but will require a tool that goes
beyond REOP. A simple spread sheet tool is usually adequate for a screening or reconnaissance
level of analysis.
Information sources for cascade/complex
UN - FAO. AquaStat. Geo-referenced database on African dams. Accessed October 2008 at:
http://www.fao.org/nr/water/AquaStat /damsafrica/index.stm.
Institutional Mechanisms:
Obviously, such coordinated, multi-reservoir, reoperation is much easier to accomplish in cases
where all of the dams feed into to the same electrical grid and are operated by the same entity.
Where those conditions do not exist, compensatory reoperation by hydropower dams may not be
feasible.
Information sources for institutional mechanisms
Information found primarily through online search of operating entity and basin authority, if
applicable.
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2) Site Level:
Efficiency Upgrades:
At an individual hydropower dam, it may still be possible to partially neutralize the effects of
rescheduling the power output through efficiency upgrades. If the turbines can generate the same
amount of power with less water throughput, this may allow the same amount of power to be
generated during the dry season while emulating the lower flow events in a more natural seasonal
flow pattern.
Information sources for efficiency upgrades
Information found primarily by online searching of dam name or operating entity.
Power Variability
However, the change in operations will then result in an even larger increase in power
generation during the wet season(s). This is beneficial from the standpoint of total power output,
but also creates an even larger differential between dry and wet season power reliability. Since dry
season reliability problems are already a large management issue for African power companies, this
reoperation option may not be acceptable to them.
Information sources for power variability
Discussions with power company/ dam operators.
3) Grid Level:
Grid Reoperation:
Rescheduling of power output at a target dam can be accommodated by changing the role this
power generator plays in the mix of generating facilities in an electrical distribution system. Again,
the total power output will not be diminished, and may actually increase. However, by reducing the
amount of power generated during the dry season(s), other power plants, such as oil or gas
turbines, will need to make up the difference. This may entail capital expenditures to increase the
capacity of these thermal power plants. During the wet season(s), the opposite would happen:
power output from the target hydropower dam would increase over current conditions, and some
of the thermal plants would be idled.
This compensatory scenario is not problematic from a technical standpoint (addition thermal
capacity to the grid is usually warranted in the power-deficient African electrical grids in any event.
Rather the feasibility issue goes to the economics of adding generating capacity (and possibly
transmission capacity and turbine capacity) that will operate with a relatively low capacity factor on
an annual basis. The operating (fuel) costs associated with these thermal additions should not
increase, however. Whether these increased capital costs can be justified depends on the costbenefit analysis, described in the introductory paragraphs, which goes beyond what the REOPS tool
is designed to provide. However, in many cases, it appears that the benefits of hydropower dam
reoperation will be large enough to warrant such capital investments.
Grid Interconnection:
The smaller the contribution of the target power dam to the total power supply in the grid
system, the easier it will be to accommodate the rescheduling of output. Where the existing
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electrical grid system does not have sufficient diversity and capacity of power generators to be able
to compensate for the change in the role of the target hydropower dam, it may still be possible to
contemplate interconnecting with a neighboring grid to provide the requisite conditions. In the
current era when grid interconnections are being studied and pursued pervasively in Africa, Asia and
Latin America, this scenario will often be quite worthy of consideration. The analysis proceeds just
as in the preceding explanation, except that the number of power generation units available to help
accommodate the rescheduling of the target dam may be considerably larger.
Information sources for grid reoperation or interconnection
Energy Information Administration. Country profiles. Accessed October 2008 at:
http://www.eia.doe.gov/.
Global Energy Network Institution. National Energy Grid Map. Accessed October 2008 at:
http://www.geni.org/globalenergy/library/national_energy_grid/index.shtml.
International Energy Agency. Country profiles. Accessed October 2008 at: http://www.iea.org.
Mbendi Information Service. Country electricity sector profiles. Accessed October 2008 at:
http://www.mbendi.co.za/.
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APPLICATION OF THE REOPS TOOL
Data
The project used the AquaStat "Geo-referenced database on African dams"3 as the base data source
for compiling an inventory of major hydropower facilities on the African continent. Dams less than 15 m.
in height and dams without hydropower production were eliminated from this dataset at the outset.
Updating the dataset occurred throughout the data collection process, including the addition of new
hydropower facilities to the database. The AquaStat database was cross-referenced with the UDI World
Electric Power Plants Data Base (WEPP), a global inventory of electric power generating units. From this,
an inventory of 141 large hydropower dams in Africa was created. The entire inventory is listed in
Appendix C. Similar to the AquaStat list of dams, this inventory may not be complete or error-free,
though it does correspond to the information currently available from these sources. Significantly, some
of these dams are operated in a coordinated fashion as cascades of dams on the same river4 or as
complexes of dams on different tributaries.5 In displaying results, we treat these cascades of complexes
as a single unit. Considered in this fashion, we analyzed a total of 92 hydropower dam units.
The geo-referenced information from AquaStat was used to create a GIS map of dam locations in
Africa, which also included layers containing information on Ramsar sites, UNESCO World Heritage Sites,
IUCN protected areas, and hydrology and land cover characteristics. Information garnered from this
map, along with additional internet resources (see Appendix D for commonly accessed sources), was
used to catalogue the river system, dam and power sector data needed to utilize the REOPS tool. At the
point where the dam was determined not to be a good candidate for re-optimization no further
research was done on that dam.

Results
The following tables display the results of the application of the current working version of the
REOPS model. Of the 92 dam units (unitizing the cascades or complexes that are operated in a
coordinated manner), nine were considered good candidates for reoptimization (six individual dams and
three cascades). Additional information (generally in the form of coarse operations modeling) is needed
to determine whether another five may be feasible candidates.
Before displaying the modeling results below, a few points of explanation are necessary:

3

UN - FAO. Aquastat. Geo-referenced database on African dams. Accessed October 2008 at:
http://www.fao.org/nr/water/aquastat/damsafrica/index.stm.
4
For example, the five hydropower dams on the Tana River in Kenya are all operated as a unit. It would not be practical to
reoperate any one without reoperating the entire cascade. The Kainji and Jebba dams on the Niger River also are operated
as a unit.
5
For example, the three storage dams and the two hydropower stations on the Sanaga River in Cameroon are all operated in a
coordinated fashion and would have to reoperated also in a coordinated fashion.
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1. If data were not available to determine whether the decision tree criteria were satisfied, the
dam was passed down to the next level of the tool in an effort to err on the side of overinclusion.
2. In general, information regarding the potential benefits of reoperating a dam was more readily
available than information regarding the technical feasibility. That is to say, it was much easier
to find information on the extent to which dams alter flow regimes and how this impacts the
downstream environment than information on the actual operations of the dam, such as the
time of day and year it produces power and how much, whether there is excess turbine
capacity, etc. Sometimes, “best professional judgment” was the only basis for assessing the
application of the technical criteria. These data gaps may be rectified by the work of the
technical team which is assessing the potential for physical rehabilitation (e.g., equipment
repairs and upgrades).
3. Although information regarding other sources of power on existing power grids was generally,
available, the extent to which these sources could compensate for changes in the scheduling of
power generation at the target hydropower dam could only be estimated, making it difficult to
determine the specific optimal reoperation options that may be available.
For the 83 dam units not determined to be good candidates for reoptimization, the reasons are
displayed in Table 1. This includes dams considered to have low potential as well as those categorized as
“maybe” due to a lack of definitive information. While many of these dams would have failed several of
the criteria, the table lists only the first criteria not met in the REOPS decision tree.
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Table 1. Summary of the reason dams were excluded, or potentially excluded, from reoptimization
consideration
Number of
dam units
32

(Potential) Reason for exclusion
Controls a relatively small percent of flows into the target site
Modest potential for environmental benefits

22

Water supply or flood control takes precedence over hydropower

10

Rehabilitation or environmental improvement project already in place or planned

8

Other more significant environmental impairment factors in basin

4

Hydropower planned, but not in place yet

4

Immutable downstream floodplain or reservoir perimeter constraints

1

Not currently producing power

1

Lack of operational/ engineering flexibility

1
Total

83

In some cases the reason for exclusion was other than failure to satisfy REOPS criteria. These
reasons are described in more detail below.
Water supply or flood control takes precedence over hydropower: Although this study is scoped to
include multi-purpose dams with a hydropower component, water supply and flood control are the
primary and overriding functions for some of these dams. In those cases, hydropower is generation is
incidental and somewhat opportunistic. The techniques for reoptimization of these dams would often
be different than for those whose primary function is power production. Seventy of the 141 dams serve
an additional purpose besides the production of hydropower. Fifty-five of these are also irrigation
dams, and 16 of them provide flood control.
Rehabilitation or environmental improvement project in place or planned: Efforts are currently in
progress at several African hydropower dams to improve their performance and/or to mitigate their
negative impact on downstream reaches. This includes rehabilitation projects, implementation of
decision support systems and projects aimed to improve basin wide management. Reoperation would
generally be a key part of the solutions that are being sought, but it is uncertain how much value would
be added tocurrent efforts.
Not currently producing power: We eliminated most hydropower dams in the AquaStat database
that do not currently produce power. However, some of these dams are simply in need of physical
rehabilitation. If this work is completed, it may be desirable to consider reoptimization at the same time.
As such, these dams were left in the database. In addition, three Cameroon dams in the database are
pure storage dams that do produce power but control flows into downstream hydropower facilities.
Hydropower planned, but not in place yet: Similar to the non-operational dams above, these dams,
listed in the AquaStat database, do not currently have the facilities in place to produce power, though
they are planned. These dams remain in the database because they may soon provide suitable targets
for reoptimization.
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6

Table 2. Number of dam units in each major basin to be considered for reoptimization.

Major basin
Central West Coast
Congo River Basin
East Central Coast
Indian Ocean Coast
Limpopo Basin
Madagascar
Mediterranean Coast
Niger River Basin
Nile Basin
North West Coast
Orange Basin
Rift Valley
Senegal River Basin
Shebelli & Juba Basin
South Atlantic Coast
South West Coast
West Coast
Zambezi Basin

Yes

1
1

2

1
1

1

Total

6

Consider for reoptimization?
Maybe

5
1
9

1
5

No
4
9
4
4
2
6
7
6
7
6
2
2
1
1
5
9
3
78

Major basins categories were derived from AQUASTAT's geo-referenced database on African dams.
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Total
4
10
5
4
2
6
7
8
7
6
2
3
1
1
1
6
14
5
92

7

Table 3. Number of dam units in each country to be considered for reoptimization.

Country
Algeria
Angola
Burkina Faso
Burundi
Cameroon
Central Africa Republic
Congo
Côte d'Ivoire
DR Congo
Egypt
Ethiopia
Gabon
Ghana
Guinea
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritius
Morocco
Mozambique
Nigeria
Sierra Leone
South Africa
Sudan
Swaziland
Tanzania
Togo
Tunisia
Uganda
Zambia
Zimbabwe

Yes

1

1

2
1

1
1
2

No
4
6
2
1
2
1
2
1
5
1
5
1
1

1

1
1

1

Total

7

Consider for reoptimization?
Maybe

1
1
6

9

1
1
2
2
1
4
8
3
7
1
4
3
1
3
1
1
1
2
78

Total
4
7
2
1
3
1
2
3
6
1
5
1
1
2
2
1
1
2
2
2
4
8
4
8
1
4
3
1
3
2
1
1
3
1
93

The Kariba Dam, located on the border between Zambia and Zimbabwe, is counted in both countries in order to ensure that
country totals are correct. This however leads to the total count of African hydro dam units being one more than it is in
actuality (93 vs. 92) in Table 3 and the "Maybe" total being 6 instead of 5.
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IN-COUNTRY CONSULTATIONS - OVERVIEW
The initial application of the REOPS tool, using readily available information, left some 44 individual
dams in an indeterminate category. To resolve the outstanding questions for these dams, and to further
“test drive” and refine the tool itself, NHI decided to organize a representative sample of field
consultations with local experts. This makes sense as a second tier of fact gathering for application of
the REOPS tool because consultations with those who already possess the requisite data, knowledge
and expertise is the most efficient way to fill in the gaps.
We selected four countries for this field work, based on considerations of the concentration of the
dams in the indeterminate category, geographic diversity, and an interesting range of the types of dams
under investigation. On this basis, we selected Kenya, Ethiopia, Cameroon and Nigeria. The field
investigation utilized in-person and phone consultations to gain an on-the-ground understanding of the
physical characteristics that determine the reoperation potential for these candidate dams. Experts in
water resources, power and environmental sectors in government, academia, development assistance
agencies, power companies or NGOs were targeted. The individuals consulted are listed by country in
Appendices E, F, G, and H. These consultations were conducted over the course of three weeks in
March 2009. The information garnered from the investigation was then integrated with information
gathered during the desk study. A brief summary of the reoptimization decisions follow, while a detailed
assessment of the reoptimization potential of the dams in the countries of consultation is located in
Appendices E, F, G, and H.
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Kenya summary of reoptimization decisions
Table 4. Kenya hydropower dams and reoptimization decision
Dam Unit

Name of
dam

River

Sub-basin

Turbine
Capacity

Turkwel

Turkwel

Turkwel

Lake Turkana

106 MW

Tana River
Dams

Capacity of
the reservoir
(MCM)
1,645

Kiambere

Tana

Tana

140 MW

585

Masinga

Tana

Tana

40 MW

1,560

Kamburu

Tana

Tana

94.2 MW

150

Gitaru

Tana

Tana

225 MW

20

Kindaruma

Tana

Tana

40 MW

16

Figure 1. Map of dam locations in Kenya
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Consider for reoptimization?

Reason for
Exclusion

Yes

None

Yes

None

Ethiopia summary of reoptimization decisions
Table 5. Ethiopia hydropower dams and reoptimization decision
Capacity of
the reservoir
(MCM)

Consider for
reoptimization?

1,900

No

0

No

134 MW

650

No

Omo

180 MW

850

No

Shebelli

153 MW

750

No

Dam Unit

Name of dam

River

Sub-basin

Awash River
Dams

Koka

Awash

Awash
Wenz

Tis Abay

Tis Abay I & II

Abay

Blue Nile

Finchaa

Finchaa

Finchaa

Blue Nile

Gilgel Gibe

Gilgel Gibe

Melka
Wakena

Melka Wakena

Gilgel
Gibe
Wabi
Shebele

Turbine Capacity
Koka 43.2 MW
Awash II 32 MW
Awash III 32 MW
Tis Abay I 11 MW
Tis Abay II 73 MW

Figure 2. Map of dam locations in Ethiopia
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Reason for
Exclusion
Modest potential
for envi. benefits
Controls sm. % of
flows
Modest potential
for envi. benefits
Modest potential
for envi. benefits
Modest potential
for envi. benefits

Cameroon summary of reoptimization decisions
Table 6. Cameroon hydropower dams and reoptimization decision
Dam unit
Lagdo

Sanaga
Basin Dams

Mopfou

Name of
dam

River

Sub-basin

Turbine
capacity

Capacity of
the reservoir
(MCM)

Consider for
reoptimization?

(Potential) Reason
for exclusion

Maybe

Controls sm. % of
flows - needs
dredging

Lagdo

Benoué

Benoué

72 MW

7,800

Mbakaou

Djerem

Djerem

None

2,600

Bamendjin

Noun

Mbam

None

2,000

Mape

Mape

Mbam

None

3,300

Edea

Sanaga

Sanaga

263 MW

Unknown

Songloulou

Sanaga

Sanaga

72 MW

10

Mopfou

Mefou

Nyong

Unknown

5

Figure 3. Map of dam locations in Cameroon and Nigeria
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No

No

Modest potential for
environmental
benefits

No power

Nigeria summary of reoptimization decisions
Table 7. Nigeria hydropower dams and reoptimization decision
Dam Unit

Name of dam

River

Subbasin

Lower Niger
River Dams
Dadin Kowa

Jebba
Kainji
Dadin Kowa

Niger
Niger
Gongola

Niger
Niger
Gongola

Jekko-Kurra

Jekko-Kurra

Tenti

Gongola

Ankwil I & II

Ankwil I & II

Tenti

Gongola

Shiroro

Shiroro

Kaduna/Dinya

Kaduna

Ikere Gorge
Oyan

Ikere Gorge
Oyan

Ogun
Oyan

Ogun
Ogun

Ouree

Ouree

Ouree

Capacity of
the reservoir
(MCM)
3,600
15,000
2,855

Consider for
reoptimization?

Reason for
Exclusion

Maybe

Lack of engineering/
operational flexibility

No

No hydro yet

17

No

Controls sm. % of
flows

3 MW

31

No

600 MW

7,000

No

6 MW
9 MW

265
270

No
No

2 MW

7

No

Turbine
Capacity
570 MW
760 MW
34 MW
Kurra 8 MW
Jekko I 4 MW
Jekko II 4 MW

31

Controls sm. % of
flows
Controls sm. % of
flows
No hydro yet
Project(s) in place
Controls sm. % of
flows

DAMS WITH HIGH REOPTIMIZATION POTENTIAL
Application of the REOPS tool revealed that nine dam or dam units have high reoptimization potential, and another five may be good
candidates. Each of these is listed in the table below. In the subsequent pages, the dams or cascades/complexes with high reoptimization
potential are described in more detail, with the exception of dams from the in-country study which are described in Appendices E, F, G, and H.

Table 8. Dams with reoptimization potential
Country
Angola

Dam Unit

Kwanza River

Dam(s)

River

Sub-basin

Consider for
reoptimization?

(Potential) Reason
for Exclusion

Reoperation Plan

Kwanza

South West Coast

Maybe

Modest potential for
environmental
benefits

Cascade

Benoue

Niger River Basin

Maybe

None

Site - dredging and
turbine rehab/ retrofit

Bandama

West Coast

Yes

None

Cascade

Sassandra

West Coast

Yes

None

Grid - reschedule and
compensate with
thermal

Lufira

Congo River
Basin

Maybe

Modest potential for
environmental
benefits

Kpong dam /
Dikes

Volta

West Coast

Yes

None

Cascade

Cambambe

Dams

Capanda

Lagdo

Lagdo

Bandama River
Dams

Kossou

Buyo

Buyo

DRC

Lufira River
Dams

Koni

Ghana

Volta River
Dams

Guinea

Garafiri

Garafiri

Konkouré

West Coast

Yes

None

Grid - reschedule and
compensate with
thermal

Kenya

Turkwel

Turkwel

Turkwel

Rift Valley

Yes

None

Grid - reschedule and
compensate with
thermal

Cameroon

Côte d'Ivoire

Taabo

Mwadingusha

Cascade

Akosombo
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Country

Dam Unit

Dam(s)

River

Sub-basin

Consider for
reoptimization?

(Potential) Reason
for Exclusion

Reoperation Plan

Gitaru
Kamburu
Kenya

Tana River
Dams

Kiambere

Tana

East Central
Coast

Yes

None

Cascade

Kindaruma
Masinga
Grid - reschedule and
compensate with
thermal
Grid - reschedule and
compensate with
thermal

Mali

Manantali

Manantali

Bafing

Senegal River
Basin

Yes

None

Mozambique

Cahora Bassa

Cahora Bassa

Zambezi

Zambezi Basin

Yes

None

Nigeria

Lower Niger
River Dams

Jebba

Niger

Niger River Basin

Maybe

Lack of engineering/
operational flexibility

Cascade

Sudan

Blue Nile River
Dams

Roseires

Blue Nile

Nile Basin

Maybe

Controls small % of
flows

Cascade

Togo

Nangbeto

Nangbeto

Mono

West Coast

Yes

None

Zambia /
Zimbabwe

Kariba

Kariba

Zambezi

Zambezi Basin

Maybe

Project(s) in place

Kainji

Sennar
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Grid - reschedule and
compensate with
thermal
Grid - reschedule and
compensate with
thermal OR cascade if
politically feasible

Angola

Power Sector Overview
The Angolan civil war, which ended in 2002, placed a considerable toll on the country’s
infrastructure, including that of the electricity sector. In response, there are plans to invest US$300
million over the next 20 in dam expansion and US$200 million in dam rehabilitation and repairs.
Rehabilitation work has already begun or has been contracted on all of the hydropower storage dams.
Although Angola currently exports power, less than 20 percent of its population has access to
electrical power, and blackouts occur frequently.8 Before completion of the Capanda hydro facility in
2004, which almost doubled Angola’s generation capacity, approximately two-thirds of the generation
came from hydroelectric plants, while the remaining third was from conventional thermal sources such
as diesel generators.9 At the end of the war, only two of the nine hydropower facilities were operating,
however. The Matala dam, which began operations in 2001 on the Cunene River, is the main source of
electricity in southwest Angola. The Capanda (520 MW) and Cambambe dams (180 MW) on the Kwanza
River, the Mabubas dam (17.8 MW) on the Dande River, and diesel generators are the main sources of
electricity in northern Angola. In northeastern Angola, the Chicapa hydroelectric dam (16 MW) on the
Tchicapa River recently began operations in 2008. 10
The state utility, Empresa Nacional de Electricidade (ENE), operates the three separate electrical
systems that supply electricity throughout Angola. The Central System provides for the provinces of
Benguela, Huambo and parts of Bie. The government aims to link the systems to create a national grid
through the South Africa Power Pool (SAPP).11

Capanda, Cambambe and (proposed) Kwanza River dams
The Capanda and Cambambe dams operate as a unit, with the Capanda providing the storage and
the downstream Cambambe operating as a run-of-the-river power plant. Capanda is located
approximately 330 km from the Atlantic Coast, 120 km upstream of Cambambe.
After a series of setbacks, the Capanda dam on the Kwanza (Cuanza) River began producing
electricity in 2004. The power station is capable of generating 520 MW of electricity with its four 130
MW turbines. Capanda is connected to the Northern System, which supplies the provinces of Luanda,
Bengo, Kuanza-Norte, Malange and Kuanza-Sul. Although all four turbines are operational, inefficiencies
in the transmissions lines result in regular power outages in the capitol, Luanda.
The Kwanza River estuary is one of the most productive coastal ecosystems in the country. World
renowned game fishing takes place in the estuary where fishermen trawl for tarpon, a large coastal fish

8

US Department of Energy - Energy Information Agency. Angola Country Analysis Brief. Accessed March 2009 at:
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consuming 1.7 Bkwh.
9
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that can weigh up 90 kg.12 Although local fishermen are familiar with fish that they catch on a daily basis,
no scientific research had been conducted to create a definitive list of fish in the river until recently.
No environmental studies were conducted prior to the construction of these dams to assess their
effects on the biodiversity of the river, and in general there is little information available regarding the
environmental resources in the Kwanza basin. In 2005 the Angolan Ministry of Fisheries commissioned
the Instituto Nacional de Investigação Pesqueira (National Fishing Research Institute, INIP), and the
South African Institute for Aquatic Biodiversity (SAIAB) to investigate the fisheries potential of the river.
Due to the lack of base information about the Kwanza, INIP decided to give priority to first conducting a
full investigation of the river’s biodiversity.
The River forms the northern boundary of the 3 million acre Quiçama (Kisama) National Park, with
the Atlantic Ocean forming the 110 km western border. The park is also an Important Bird Area and
holds diverse bird habitats, including the extensive Kwanza floodplain, dense communities of raffia palm
Raphia on permanently waterlogged islands in the river, lowland riverine forests, rank flooded grassy
patches, reed beds, swamps and extensive sandbars along the Kwanza River, widespread grasslands on
the plateau, dry baobab-acacia woodland in the east of the park, and patches of broadleaved
woodland.13
Large numbers of people flocked to the coastal areas during the war and have not returned to their
place of origin since the war ended. The population places serious pressure on the coastal resources,
particularly the mangroves, which are extracted for construction and fuel. In addition, fishing and
hunting of manatee, as well as poaching of marine turtles and their nests, adds to the degradation of the
marine species.
Although no official studies have been conducted to assess the impact of Capanda and planned
dams on the river ecosystem and Kisama National Park, a USAID report produced by Chemonics states:
“International interests aim to establish shrimp farms in mangroves within protected areas (Kisama
National Park) and plans to build several hydroelectric dams along the Kwanza River may have a
dramatic impact on coastal mangrove ecosystems if they do not include adequate environmental impact
mitigation and avoidance mechanisms.”14 Better assessing the reoperation potential of Capanda and the
other (proposed) dams on the Kwanza requires a greater knowledge of the resources and their use in
the basin and the impact of the dams. Notwithstanding this limitation, the current available information
warrants further investigation into the potential to reoperate the cascade of current and proposed dams
on the Kwanza. According to official estimates the Kwanza River has the potential to generate more
than 5,000 megawatts of power and the government has plans to construct at least another seven dams
on the under-utilized Kwanza.15
To be effective and take full advantage of the power generated at the hydropower facilities, a
reoperation plan for the Kwanza River dams would have to also address the current inefficiencies in the
transmissions lines. The lack of baseline data makes it difficult to determine the necessary flow regime,
however, more of this information should become available through the INIP/ SAIAB studies, and with
12

Lang, Steven. 21 March 2008. Research Initiative Nets Interesting Discoveries. Inter Press Service News Agency. Accessed
March 2009 at: http://ipsnews.net/print.asp?idnews=41690.
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any EIS's conducted for new dams on the Kwanza. A hypothetical reoperation plan would utilize the
cascade nature of the Kwanza dams to release an appropriate flow regime into downstream floodplains
and the coastal ecosystem, while compensating for any necessary rescheduling of power within the
cascade.
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Côte d'Ivoire

Power Sector Overview
The majority of Côte d’Ivoire’s electricity is generated through natural gas-powered stations, with
hydroelectricity accounting for around 30 percent of generation.16 The 288-MW Azito power station,
located in Abidjan's suburbs, produces more than a third of the country's power. In 2005, Côte d'Ivoire
had an installed electric generation capacity of 1,084 MW and only consumed 2.9 Bkwh of the 5.31
Bkwh of electricity it generated.17 Excess electricity generation is exported through the West African
Power Pool (WAPP).

Buyo Dam
The Buyo Dam was constructed in 1980 across the middle stretch of the Sassandra River, one of
Côte d'Ivoire's biggest rivers, just below the confluence with the Nzo River. The facility is owned and
operated by Compagnie Ivoirienne d'Electricite. Since construction of the dam, the once sparsely
populated forested area, with 7,500 inhabitants, rapidly developed into part of Côte d'Ivoire's "new
coffee and cacao belt" with a population of more than 100,000.18 The heavy (mis)use of fertilizers and
pesticides on crops is affecting the quality of water in Lake Buyo and its watershed.19 Water hyacinth
and algae thrive on the nitrates and phosphorus flushed into reservoir from fields, villages, and the town
of Buyo, reducing the dissolved oxygen content of the water.
After construction of the dam, the Sassandra River's flow regime became tied to the energy
demands of Côte d’Ivoire.20 The 8.3 km3 reservoir can store almost 140% of the annual discharge from
the Sassandra and has a turbine capacity of a 180 MW. In 2005, after ratifying the Ramsar Convention,
the government of Côte d'Ivoire designated the Sassandra estuary as a Ramsar site: Complexe
Sassandra - Dagbego. Although the estuary is located approximately 230 km downstream of the dam, it
does affect the water level in the wetland.21 The co-existence of three mangrove species in the estuary is
rare, and it forms the best-preserved mangrove stand in the country.22 Primates, reptiles, tortoises, sea
turtles, bats and more than 208 species of birds are also found at the site, while human activities mainly
involve fishing and tourism, followed by livestock raising, wood collection and agriculture. Threats to the
Ramsar site, in addition to the dam, include: mammal and bird hunting, over-fishing and pollution from
untreated waste from the urban areas.

16

Energy Information Administration. Country Brief – Cote d’Ivoire. Accessed February 2009 at:
http://www.eia.doe.gov/emeu/cabs/Cote_dVoire/Electricity.html.
17
Ibid.
18
Conway, Kevin. 2003. From Forests to Fields in Cote d'Ivoire. The International Development Research Centre. Accessed 12
March 2009 at: http://www.idrc.ca/en/ev-29110-201-1-DO_TOPIC.html
19
Ibid.
20
Thieme, Michele L. 2005. Freshwater Ecoregions of Africa and Madagascar : A Conservation Assessment. Covelo, CA, USA:
Island Press, 2005.
21
Ramsar. The Annotated Ramsar List - Côte d'Ivoire. Accessed 12 March 2009 at:
http://www.ramsar.org/profile/profiles_cotedivoire.htm
22
Ibid.

37

A reoptimization plan for Buyo dam would target improvements in flow to the downstream estuary
and Ramsar site. As a result of the surplus energy produced by Côte d'Ivoire, a limited percentage of
which is from hydropower, a grid level reoptimization appears feasible.

Kossou and Taabo
The 180 MW Kossou dam and 210 MW Taabo dam are located on the Bandama River, which runs
North-South through the center of Côte d'Ivoire. The dams became operational in 1972 and 1979,
respectively. Kossou is located approximately 250 km from the mouth of the river, while Taabo is
located 95 downstream of Kossou. The water regime of Lake Taabo is dictated by that of Lake Kossou,
the 5th largest reservoir (by capacity) on the continent.23
The Bandama River’s source lies in the northern highlands, and it then flows southward to enter the
Gulf of Guinea and the Tagba Lagoon near Grand Lahou. The construction and operation of the dams
profoundly affected the water regime of the river and the functioning of the riparian forests.24 Changes
in the bird and mammal communities have been also observed.
The building of Kossou flooded prime agricultural land and displaced 75,000 people. However, to
prevent people of the savanna from leaving the area, a side objective of the reservoir impoundment was
to develop a fishery and agricultural activities on the edge of the lake. A wetland zone of more than
10,000 hectares forms each year around the lake, favorable to food crop cultivation between November
and July. The reservoir flooded large areas of alluvial soils and savanna vegetation, resulting in the
release of considerable organic material and high levels of nutrients in the reservoir. Initially this
produced high biological production in the reservoir. Fishermen from other areas of Côte d’Ivoire and
neighboring countries were attracted to area by the news of new rich fishing areas. As nutrients became
exhausted and the number of fisherman increased, the initial peak in productivity was followed by a
sharp decline. In 2001 migrant fisherman from Mali were expelled from the area following a series of
conflicts with native residents and there has been no professional fishing sector since. 25
The mouth of the Bandama River is a designated Ramsar site and Important Bird Area, Parc National
d'Azagny. The vegetation of the park is varied and mostly comprises swamps, swamp-forest, inundated
riverine forest, small amounts of moist evergreen forest, mangrove and some limited areas of mudflats
on the fringe of the lagoon and canal. Several large mammal species found here are endangered,
vulnerable, rare or endemic, including the dwarf crocodile, four turtle species, pygmy hippopotamus,
and manatee. The park has suffered from agricultural encroachment from along its northern border and
poaching remains a large problem. Illegal fishing is also widespread and there is much cutting of wood
for fuel for smoke-drying fish. No literature was found linking the upstream impoundments to the
Ramsar site, but there has also not been any research conducted in this regard.
The cascade nature of Kossou and Taabo allows for a reoperation plan similar to that suggested for
Kainji and Jebba dams in Nigeria, which lie on similar lines of latitude. The wet equatorial region
23
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experiences two rainy seasons: a long one from May to July and a shorter one from August to
September. These floods could hypothetically be captured by the large reservoir at Kossou in order to
minimize the threat of catastrophic flood, but then strategically released in a more natural flow pattern
through Taabo and downstream. Any necessary rescheduling of power should be able to be offset
within the cascade.
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Democratic Republic of Congo

Power Sector Overview
The DRC possesses tremendous hydropower potential. The great majority of which is housed in the
Congo River. DRC's generating potential has been estimated at 150,000 MW, almost three times Africa's
present consumption.26 Although much of this has yet to be exploited, there are plans to raise the
generation capacity of the Inga hydropower stations on the Congo up to 44,000 MW by 2010. Despite
this, only seven percent of the population has access to electricity. DRC is connected to the South Africa
Power Pool (SAPP), and excess power is currently exported to Angola, Burundi, the Congo, Rwanda,
Zambia and Zimbabwe.
The State-owned Société Nationale d’Electricité (SNEL) is responsible for electricity generation,
transmission and distribution. SNEL operates two main networks, the Western network in the south
west of the country and the Southern network in the south east. These networks are connected from
Inga to Kolwezi.

Koni and Mwadingusha
Koni and Mwadingusha dams are located in south-east DRC on headwaters of the Lufira River, one
of two principal tributaries to the Congo River. Mwadingusha controls the upper reservoir (1,000 km3)
and flows on the Lufira, while Koni forms a smaller reservoir just downstream.
The Lufira valley, including Mwadingusha reservoir, is a noted Important Bird Area and part of a
UNESCO Biosphere Reserve. The reservoir (also referred to as Lake Lufira or Lake Tshangalele) was
formed in a large shallow (~2.6m) depression surrounded by low mountains. The lake supports an
important commercial fishery mainly of tilapia, but a variety of fish including longfin tilapia, redbelly
tilapia, thinface cichlid and North African catfish reside in the lake. The area of open water varies
seasonally, averaging 362.5 km2, with a maximum of 440 km2 during the wettest months of February
and March. 27 Extensive swamps, marshlands and papyrus beds surround the lake, along with grasslands
on the periodically flooded lowlands. The region is rich in birdlife including the threatened Lake Lufira
Weaver, endemic to the area and classified as “vulnerable.”
Wetlands line the Lufira River for almost 440 km, to the confluence with the Lualaba River.
Approximately 30 km downstream of Mwadingusha dam, the western section of Kundelungu National
Park lines the river. The Lufira floodplain hosts fishing villages, cattle grazing and small scale agriculture.
A lack of information about the impact these two dams have on the downstream floodplain
precludes their designation as high priority reoptimization candidates. No literature was found in this
regard. Intervening tributaries between the dams and floodplain may mitigate their impact, or it may
simply be an area that has not been extensively studied and written about. Koni and Mwadingusha are
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both undergoing, or are planned to undergo, rehabilitation through the SAPP. A further investigation
into the reoptimization potential of the dams would be beneficial as part of this work.
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Ghana

Power Sector Overview
Hydroelectricity is the primary source of Ghana's power. The two facilities on the Volta River,
Akosombo (912 MW) and Kpong (160 MW), represent 65% of Ghana's total electrical installed capacity.
The Bui Hydropower project, currently under construction, will have a generation capacity of 400 MW
and increase Ghana's power supply by 17%. In addition to increasing the domestic supply, power
generated from Bui could be exported to neighboring countries. The power systems of Togo, Benin,
Ghana and la Côte d'Ivoire are linked in an interconnected grid and with the completion of the Bui hydro
plant in Ghana, Burkina Faso will also be supplied with power from Ghana.
Plans to increase and expand thermal generating capacity, would help Ghana reduce its reliance on
hydroelectric power. Current thermal facilities are located at Tema (30 MW) and Takoradi (550 MW) and
additional capacity is planned at Tano (gas-fired barges) and at Tema. There are also plans to develop
the 230 km 330-kV Aboadze-Volta transmission line to connect Ghana’s Takoradi Thermal Power Plant in
the west of the country to the main load center of Accra-Tema in the east. This line will serve as a
principal component of the proposed West African grid network, which will run from Nigeria to Côte
d'Ivoire, eventually covering other countries in the region. Eventually ECOWAS will fully integrate its
Zone A regional grid, to which Ghana is now inter-connected, with its Zone B and so unite West Africa
with its larger complement of hydropower (40% of supply) and thermal generation (60% of supply).

Akosombo and Kpong
Ghana’s Volta River Authority (VRA) owns and operates the hydroelectric project at the Akosombo
Dam on the Volta River. The dam which was completed in 1965 formed Lake Volta, the largest water
storage reservoir in Africa and the world. The lake dominates the geography of Ghana, covering 3.7% of
the landmass with a surface area of 8,500 km2. The seasonal rise and fall is 2- 6 meters and the area
covered by the seasonal fluctuation is about 100,000 ha. Twenty-five km downstream, the Kpong Dam
operates as a run-of-the-river facility with minimal storage to returbine the Akosombo releases.
Akosombo has an installed capacity of 912 MW and Kpong (commissioned in 1982) has 160 MW.
Together, these hydroelectric stations are capable of providing firm power of approximately 4,800
GWh/year and average potential power of 6,100 GWh/year.
In Ghana, the power is primarily consumed for domestic and industrial use, including (until recently)
the large VALCO smelter (Volta Aluminum Company) which formerly consumed about half of the dam’s
power output used within Ghana. This demand pattern causes Akosombo to be operated to generate a
relatively constant output of power daily and seasonally.
Ironically, in spite of the enormous potential output of these hydropower plants, their deteriorating
physical condition, rapid increases in demand, and erratic rainfall have conspired to create a power
crises in Ghana over the past decade (beginning in 1997-98 and continuing to the present, causing
VALCO to recently announce an intention to go off the grid and shut down until it can build its own
independent power plant). To deal with this situation, the VRA has embarked on a major retrofitting of
the generating units at Akosombo and also constructed supplemental thermal power generators
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totaling 550 MW which operate on imported fuels. In the future, thermal generation, using natural gas
supplied through the West African Gas Pipeline (WAGPL), a new off-shore pipeline from Nigeria, will be
available to supplement the hydropower. Reliability of power supply will however continue to be a
major concern resulting from the forecasted high growth in annual demand of nearly 6% and the
adverse factors currently impacting operations at Akosombo.
In addition to power generation, Akosombo provides some degree of flood protection due to its
very large storage capacity relative to inflow, and Kpong supplies a small amount of irrigation (only
about 100 ha) for rice cultivation. Navigation and a robust fishery are important additional benefits of
the reservoir. However, these hydropower dams have also devastated the livelihoods of the
downstream communities and the physical ecosystem processes on which they depend.
The Akosombo hydropower dam is one of the largest in Africa. It constitutes a barrier to fish
migration and interrupts sediment transport. But most important, it distorts the natural river flows by
storing and releasing water in rhythm with the patterns of electricity demand in the service area rather
than the seasonal patterns of rainfall and runoff in the catchment area.
Historically, most of the attention of the VRA and the international community has been on the
upstream effects of the Akosombo reservoir, principally the attempted resettlement of a large displaced
population, which has indirectly resulted in intensified and destructive land uses in the watershed. The
loss of forest cover and land disturbances on steep slopes has increased the sediment deposition into
the reservoir at an alarming rate, which will shorten its useful life commensurately. On the other side of
the ledger, the reservoir has created a very productive reservoir fishery (one hundred and twenty
species have been recorded), which is presently being threatened by excessive and illegal fishing
activity. VRA has estimated that the reservoir fishery today supplies 14% of Ghana’s total fish
consumption.
Considerably less attention has been paid heretofore to the downstream effects of Akosombo
operations and, more importantly, to measures to reduce and recover those impacts. Like storage
reservoirs in general, the function of Akosombo is to store water during seasons and years of high inflow
for power generation during seasons and years of lower inflow. The effect on the downstream flow
pattern is to reduce the peak flows and increase the base flows, effectively eliminating the dynamic
interactions between the river and its floodplains, wetlands, deltas, estuaries, mangrove and beach
environments. These are the great engines of riverine and marine biodiversity and the environmental
services that they provide for the myriad of human livelihoods that are dependent upon a fullyfunctioning river system.
In the case of Akosombo, the results have been a drastic reduction in floodplain agriculture as
natural flooding no longer leaves rich alluvial deposits that improve soil fertility in the overlying upland
areas, and an explosion in the growth of exotic weeds that have choked off the once lucrative shell
fishery, increased the snail vectors for the debilitating bilharzias, and fostered the formation of a
permanent sandbar at the estuary.
The shellfish have been hit particularly hard. Before the dam, there was a robust clam fishery
downstream from the dam. Clams that could only reproduce in brackish water moved up and down the
river so they had a large habitat. Now that the front is fixed, they can only reproduce in a narrow strip.
Due to the vegetation and water quality changes, clam picking, an occupation mainly dominated by

43

women, has almost been eliminated. Many other commercially valuable species have severely declined
or disappeared as well, including blue crab, shrimps, shad and herring.
The regulation of flows, the trapping of natural sediments in the reservoirs, and the formation of the
sandbar have drastically changed the morphology of the river channel and the mangroves and beaches
at the mouth of the river as well. As the VRA has reported:
“Before the impoundment of the river, the force of the annual floods that occurs
during the rainy season cleared out any sand bar formed at the Volta estuary. With the
cessation of annual floods, due to the construction of the dams, the sand bar gradually
started to grow. Within a period of 20 years, the sand bar had partially blocked the
estuary and the saline water from the sea could no more penetrate the channel of the
river during high tides. With the absence of salt water into the river channel, fresh
waterweeds started growing at the estuary.”
Before the dams, the shoreline erosion was estimated at 2-5 meters per year. Today, the beach is
eroding at the rate of 10 meters per year at Ada, for example. The coastal erosion also affects
neighboring Togo and Benin, whose coasts are now being eaten away at a rate of 10-15 meters per year.
This is because the dams trap the sediments that replenish the beaches.
The overall effect of the loss of agriculture, clam picking, and fishing activities has created intense
poverty and led to a dramatic shift in income generating activities. Some 80,000 people are directly
adversely affected by the change in livelihood. The Volta Basin Research Project has found that the
decline in river-based incomes triggered an increase in prostitution, crime, sexually transmitted
diseases, and the widespread migration of young people to urban areas.
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Guinea

Power Sector Overview
By virtue of mountainous terrain and heavy rainfall, Guinea has substantial (6.1 GW) but relatively
unexploited hydroelectric potential. The country’s hydroelectric potential is estimated at 19,400 GWH/
yr, yet only about 1% of this has been developed.28 The energy policy instituted in 1992 by the Guinean
government, with the support of the World Bank, promoted the development of local energy resources,
including hydropower, in order to make the country more independent.29 In 1995 the country only
produced 95 MW of energy and the construction of the Garifiri Dam added 75 MW to this.30 Before
Garifiri was commissioned, thermal and hydroelectric generating stations provide 67% and 33% of
production respectively. In 2000, hydroelectric production met barely half of the demand.31

Garafiri
The Garafiri dam, on the Konkouré River in Western Guinea, was commissioned in 1999. The
hydropower facility at the 75m high dam has a generation capacity of 75 MW and produces 223
GWh/year of firm energy. This energy is produced, transported and distributed by Société Guinéenne
d'Electricité (SOGEL).
Even before the dam’s construction, the basin was already experiencing environmental degradation
due to anthropogenic factors. In May 1998, Guinea’s Ministry of Natural Resources and Ministry of
Energy, along with the National Electricity Enterprise of Guinea, commissioned a scientific study to
monitor the dam’s impact on the Konkouré river basin and estuary. The study concluded that the dam,
which controls a drainage area of 2,460 km and 14% of the flows into the Konkouré estuary, significantly
altered flow rates in the Konkouré.32 In the dry season (December to June) the flows are much higher
than the rates before the dam; at times triple the natural rates. As a result of the increase in low-water
flow, salinity in the estuary, which is a designated Wetland of International Importance (Ramsar), has
decreased and there’s been a significant decline of the salt front. Due to high interannual irregularity,
Garafiri only minimally alters the rainy season flows.
Almost the entire Guinean coast is deltaic and mangrove clad, however the mangroves have been
totally cleared for rice cultivation over a distance of 30 km north of the estuary of the Konkouré River,
and also up this estuary for a distance of 20 km. A 28,000 ha mangrove forest remains on the outer
southern bank of the estuary, though. These mangroves are a nesting site for uncommon and rare bird
species, such as heron, hammerhead stork, and white-necked stork, while also serving as a resting place
for several hundred gray pelican. The very soft mudflats around the estuary are home to a considerable
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number (several thousand) of avocets, palaearctic migratory birds and the swamps are a nesting site for
waterfowl. In addition, Manatees are often reported in the tidal creeks.33
The Konkouré River and estuary are some of the richest among the Atlantic basins, supporting 88
fish species. About twenty percent of the Konkouré fish species are not shared with any other Upper
Guinean basin.34 Many of the species found in the estuary are sensitive to modifications in the
hydrologic regime and salinity. The retreat of the salinity due to the increase in low flow water released
from the dam resulted in a similar shift in the boundary between populations of freshwater fish and
marine life, including a shift in areas favorable for oysters. Garafiri has altered the overall distribution
and composition of life in the estuary.
The most significant impact of Garafiri which can be addressed through reoptimization is the
decrease in salinity and decline in the salt front in the estuary resulting from the increase in flows during
the dry season. An environmental flow pattern which releases less water downstream during the dry
season is desirable. Annually, the decrease in dry season generation could be compensated for through
an increase in controlled flood releases during the wet season, but this would also entail dry season
compensation through other power sources in the grid. Alternatively, if a pumped storage facility could
be constructed to re-turbine the low dry season flows than the same amount of power could be
produced with less water than under the current situation. Without a peak pricing scheme however, this
may not be an economically viable plan.
Lastly, several potential hydropower sites downstream of Garafiri are currently be studied. When,
and if, these are constructed, the cascade may provide an opportunity to release the desired
environmental flow pattern without the need to seek additional compensatory sources of generation.
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Mali

Power Sector Overview
The great majority of Mali's energy consumption is procured through traditional energies such as
wood and charcoal, and imported oil, rather than electricity. In 2002, Mali's electricity production was
700 million kWh and its electricity consumption was 651 million kWh. More than half of this was
generated by hydropower from the Sélingué (44 MW) and Sotuba (5.4 MW) dams on the Niger and the
Manantali Dam (200 MW) on the Bafing. The hydroelectric potential of the country, based on the
Senegal and Niger Rivers, is estimated at 1,000 MW and is able to produce 5,000 GWh during a one year
average.35 Electricity and water are maintained by the Energie du Mali (EDM) and electricity is also
provided by the parastatal utility, Electricite du Mali.
On a regional scale, Mali is a member of the Economic Community of West African States (ECOWAS),
and signed the West African Power Pool (WAPP) agreement 2000. Under the agreement, WAPP was
established to interconnect the members' electricity grids and harmonize the regulatory framework that
governs the electricity sector in each member country. The Manantali power station currently supplies
power to Mali, Senegal and Mauritania.

Manantali
In 1987, Mali completed the Manatali dam on the Bafing River, the main tributary of the Senegal
River, but the generating facilities didn't come online until December 2001. The 65 m high dam has a
storage capacity of 11 billion cubic meters. Manantali was built by the Organisation pour la Mise en
Valeur du Fleuve Sénégal (OMVS) as a multi-purpose dam for hydro-electricity generation, irrigation
storage, and flood control and to enhance the river’s navigability to support a new port at Kayes in Mali.
The OMVS signed a new charter in May 2002 to allocate water resources and hydroelectric power, and
approved the restructuring of the Manatali Water Management Company (SOGEM). SOGEM maintains
ownership of infrastructure and equipment at Manatali, but South Africa's Eskom Enterprises won a
contract in mid-2001 to operate the hydro station for 15 years.
For many centuries, the annual flood of the Senegal River has been the basis of flood recession
agriculture, fishing, and cattle grazing. However, this changed with the construction of Manantali, which
controls about half of the freshwater inflow to the Senegal River during the high runoff periods, and
Diama Dam in Senegal which during the low flow period restricts intrusion of the salinity regime into the
lower Senegal valley. The operation of the dams regulates the flows above and below the massive and
highly productive floodplain between them, which has also been extensively altered by irrigation
systems supplied by both reservoirs and a complex of dykes to protect the irrigated lands from the
annual floods. This has had severe impacts on the regional ecology, on agricultural production, fisheries,
and public health. Djoudj National Bird Park, a designated Ramsar and UNESCO World Heritage site, is
also located in between the two dams and which, since dam construction, has undergone profound
environmental changes affecting its biodiversity.
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The importance of the river’s natural flood and salinity cycles to the livelihoods of farmers, herders
and fishermen in the middle Senegal floodplain and to the ecosystems in the lower floodplain became
salient after the dams were built and in light of the hydrologic alterations they produced. The Water
Charter adopted by OMVS in 2002 recognizes this as it calls for maintaining an artificial flood as a
permanent operational objective, and pulse flows have also been released through the Diama channel
embankments to restore the natural resources and biodiversity of the delta. OMVS has adopted
innovative dam management operation protocols to permit the maintenance of an annual flood. The
occurrence of the flood is not at issue in wet years, when inflows from the uncontrolled tributaries are
sufficient to ensure generous flooding. Therefore, OMVS’ main concern today is the short duration of
floodplain immersion that occurs in years of moderate or low rainfall.
The analysis and management protocol conducted and established by Institut de Recherche pour le
Développement (IRD) for the OMVS shows how the Manantali dam can be operated according to a
target hydrograph to provide an artificial flood event of acceptable magnitude in most years to provide
for 50,000 hectares on average of recessional agricultural production in the floodplain while minimizing
the loss of potential hydropower production. The implementation of the operational directives to
ensure this hydrograph depends on the magnitude of flows entering the floodplains from the noncontrolled tributaries (the Bakoye and the Falémé), which have been sufficient in recent years to obviate
the need for artificial flood releases from Manantali.
Inundating the floodplain is no longer a technical problem, but it does require that some amount of
power deliveries and revenues be foregone as well as storage for irrigation purposes in subsequent drier
years, when inflows from the non-controlled tributaries are insufficient. In most years, to achieve the
goal of 2000m3/sec at Bakel, it will be necessary to release water from the sluice gate and by pass the
generators, requiring the OMVS members to forego some amount of potential hydropower generation
and revenues. Thus, there remains a serious economic constraint in order to operationalize the
Charter’s commitment to optimal annual artificial flood releases.
As a result of these enduring trade-offs, the Water Charter and the Operational Manual do not
guarantee that the artificial flood will be provided in the magnitude and frequency that the floodplain
needs. The actual decision on whether and how much of an artificial flood to release is made annually by
the Permanent Water Commission, a consultative body to the council of OMVS ministers.36 This decision
is based on the amount of rainfall in that year, but is also likely to be influenced by economic and
political considerations. Thus, the economic drivers need to be further illuminated and an expanded
optimization analysis may be needed.
To date, these releases appear to have been provided only on those rare occasions when they do
not result in a reduction in power revenues or irrigation deliveries. They have occurred only when the
flood water could not be retained in storage in order to avoid the risks of overtopping the reservoir and
creating a safety hazard. Moreover, since the generators became operational in 2002, there has been
enough natural inflow in the floodplain from the uncontrolled tributaries to create a seasonal flood
event allowing for at least 50,000 ha of recession agriculture. In practice, the CPE has not yet had to face
the decision whether to sacrifice power (and storage for irrigation and urban water supply) to release
water from the sluice gates, and how much.
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Although a framework exists to operate Manatali to provide an artificial flood event, the current
system contains the previously mentioned flaws. The opportunity exists to determine and implement a
more optimal operating regime for Manantali and Diama dams that integrates floodplain, estuarine and
ecosystem productivity into the operational objectives, without diminishing the other benefits derived
from the dams, particularly power production.
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Mozambique

Power Sector Overview
In 2006 Mozambique produced 14,737 GWh of electricity, all but 20 GWh from hydropower.37 The
country exports more than half of this electricity. Electricidade de Mozambique (EDM) is responsible for
generation, transmission and distribution, of electricity, but there are also other companies that
produce and distribute electricity. One such company is Hidroelectrica de Cahora Bassa, owner of the
biggest hydroelectric scheme in Southern Africa, a company jointly owned by Portugal (82%) and
Mozambique (18%). Although Cahora Bassa is operated at high capacity, other large hydro power plants
in Mozambique continue to operate at less than full capacity, including Mavuzi (44.5 MW effective
capacity out of 52 MW nominal capacity); Chicamba (34 MW of 38.4 MW); and Corumana (14 of 16.6
MW).38

Cahora Bassa
Cahora Bassa, completed in 1975, is the furthest downstream dam on the Zambezi River and retains
Africa's fourth-largest artificial lake. Although the dam produces 14,000 GWh of electricity through its
2,075 MW of turbine capacity, very little of this power is distributed within southern Mozambique.
Instead it is almost entirely sold to the South African State electricity company, ESKOM, who then sells
some of the power to the Mozambique government.
The impacts of Cahora Bassa on the Lower Zambezi Valley and Delta are well documented.
Construction of the dam permanently altered the natural river flow and pattern of flooding, on which
thousands of inhabitants depend for their livelihoods. The fertile floodplains provided recession
agriculture, hunting, fishing, livestock grazing, and abundant natural resources for its inhabitants, yet
the dam has taken its toll on all of these. Ecologically, the lower Zambezi is home to a diverse population
of mammal, fish and waterbird species, many of which are endangered or vulnerable.
In addition to the immediately downstream floodplains, the impact of Cahora Bassa extends to the
Zambezi Delta. A portion of the Delta, the Marromeu Complex, was recently declared a Wetland of
International Importance under the Ramsar Convention. The Delta is a broad, flat alluvial plain covering
approximately 1.2 million hectares. The dam has been blamed for decimating crustacean stocks near the
estuary, resulting in a decline in the productivity of the prawn fishery by $10 - 20 million per year.39
A plethora of local and international organizations40 are working to assess the impact of the dams on
the Zambezi and to develop appropriate management strategies. Among these organizations there is
general agreement surrounding the need to implement prescribed flooding in order to restore the
functionality of the floodplain and delta. Several environmental flow release patterns have been
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developed, including one by Southern Waters for the International Crane Foundation. The process of
implementing these measures is well underway, but is acknowledged to be part of a long-term process.
Positively, the Government of Mozambique has been receptive to improving the river’s ecosystem.
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Togo/ Benin

Power Sector Overview
Togo, along with Benin, has been s beneficiary of power integration in the form of the West African
Gas Pipeline (WAGP) and the West African Power Pool (WAPP), which were two major energy projects
that were established for the region. The objective of the WAGP is to enable provide Benin, Ghana and
Togo access to Nigeria's massive resources of natural gas as fuel for power generation and industrial
development.
Togo Electricite, a privately owned company is responsible for the generation and transmission of
electricity in Togo. The company is investing considerable money in the rehabilitation and reinforcement
of the distribution network, reduction of production costs, and decrease of losses and optimization of
network quality. A new 100 MW power plant in Lomé, operational by the end of 2009, will double the
countries capacity. The new plant’s "tri fuel" system, capable of operating on natural gas, heavy fuel oil,
and distillate diesel oil, is intended to help diversify Togo’s power generation portfolio, permitting
instantaneous fuel switching capability.41
Togo is a member of the Economic Community of West African States (ECOWAS) and stands to
benefit from the West African Power Pool (WAPP) agreement that reaffirmed and established the
interconnection of the grids of ECOWAS members.42 Togo has also been connected to the power grid of
Côte d'Ivoire.

Nangbeto
Nangbeto dam, located on Mono River, is designed to satisfy the medium-term power requirements
of both Togo and Benin. The plant, commissioned in 1987, has the potential to produce 148 GWh/yr
with a 60 MW turbine capacity. 43 In addition to hydropower, the reservoir provides irrigation water.
The commissioning of the Nangbeto dam modified Mono River’s flow regime and the functioning of
the brackish coastal lagoon and floodplain system located 130 km downstream. This system is a
designated Ramsar site and faunal reserve. Before dam construction, the natural regime of the Mono
was characterized by a very strong high-water flow which peaked in September (400 m3/s in average
years) and by an almost nil low-water flow for several months. The current low-water regime, sustained
by the releases from the dam, is 45 m3/s on average with fluctuations from 0 to 120 m3/s, depending on
hydro-electric production. 44 The altered flow regime has substantially modified the ecology of the
lagoon system at the river's mouth by reducing the natural seasonal fluctuations in river flow.
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People living near the river practice agriculture on the bank in the “Togome gble” (literally “fields
near the water”). Vegetables are grown for commercial sale, but the modification of the river regime
resulted in the loss of part of the areas cultivated using this technique. The river is also used for
domestic uses (washing, laundry) and navigation. These uses had to be adapted to the modifications of
the regime of the Mono since the dam’s construction.45
The Mono estuary zone supports an intensive and very productive traditional fishery. Primary
catches include cichlids, mainly lagoon tilapia (60 to 75% of landings). The other important catches are
swimming crab, shrimp, Bonga shad, white catfish and black catfish. The fisheries in the estuary zone
contribute approximately 20% of the inland fisheries production of the two countries and provide a
livelihood for approximately 16,000 fishermen. Although the local populations have complained about a
decline in the productivity of the fishery, which they attribute to the Nangbeto dam, it has not been
scientifically shown that catches have decreased.46 Overfishing, harvesting of the mangrove forest, and
silting-up of the waterways are all potential influence the area’s fishery productivity.
In order to develop a reoptimization plan for Nangbeto, the irrigation needs met by the dam need to
be assessed. In Guinea, 87% of water withdrawals are dedicated to agriculture.47 currently withdraws
83%The most
The planned Adjarala dam will constitute the second phase of the hydroelectric development of the
Mono River, half-way between Nangbeto and the coast on the Togo-Benin border. The Environmental
Impact Assessment for the new dams states that negative impacts would include displacement of over
8,000 people (75% in Togo, 25% in Benin), increased coastal erosion, and reservoir pollution from
upstream factories.

45

Ibid.
Ibid.
47
Earthtrends. 2003. Water Resources and Freshwater Ecosystems-- Guinea. Accessed March 2009 at: www.earthtrends.com.
46

53

Zambia and Zimbabwe

Power Sectors
Although only eighteen percent of Zambians have access to electricity, the country exports power to
several of its neighbors. In addition the governments of Zambia, Tanzania and Kenya, are undertaking a
feasibility study for constructing a transmission line from Zambia to Tanzania.
Within Zambia, the Zambian Electricity Supply Company (ZESCO) generates, transmits and
distributes power. The country has an installed capacity of 2,500 MW, 705 MW of which resides at the
Kariba hydro plant.
In Zimbabwe, the generation, transmission and distribution of electricity is under the jurisdiction of
the Zimbabwe Electricity Supply Authority (ZESA). ZESA's primary generation facilities are the Kariba
hydroelectric facility and Hwange coal power station. Zimbabwe also imports electrical energy to
supplement local production, receiving 35% of its power needs from South Africa's Eskom,
Mozambique's Hydroelectrica Cahora Bassa and the Democratic Republic of Congo's SNEL.48
In addition to the aforementioned companies, the Central African Power Corporation (CAPC), jointly
owned by Zambia and Zimbabwe, operates the power stations at Kariba and any future dams to be
constructed on the Zambezi. CAPC operates a transmission system from Kariba to both the Zambian and
Zimbabwe networks.

Kariba
The 50 year old Kariba Dam was constructed on the Zambezi River, along the border between the
countries of Zimbabwe and Zambia. The dam remains one of the largest in the world, with 180km3 of
storage capacity and generation capacity of 1,320 MW, between two stations.
In the late 1990s, the Kariba Dam was selected as one of ten dams studied by the World Commission
of Dams. This study provides a 200 page assessment of the environmental, economic, social and other
issues relating to the dam. There was no Environmental Impact Assessment (EIA) completed for the
Kariba, but the far reaching impacts have been noted for the past decades. The downstream
construction of Cahora Bassa dam, in Mozambique in 1975, further aggravated the stressed Zambezi
River and delta.
Kariba regulates 40% of the total runoff of the Zambezi, seriously altering the downstream flow
regime all the way to the Indian Ocean. The fairly consistent releases from the dam changed and evened
out the flow of the river, severely dampening the seasonal high and low flow extremes. The Zambezi
overtops its banks much less often than it did before Kariba, reducing the amount of alluvial material
deposited onto the floodplain. As a result the delta floodplain ecology has responded negatively:
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mangroves are dying due to poor flooding of coastal areas; productivity of artisanal fisheries in the delta
has decreased along with shrimp catches.49
Both Zimbabwe and Zambia have designated protected areas downstream of Kariba. The Mana
Pools National Park and World Heritage site lines the Zimbabwe shoreline and hosts a population of
elephant, buffalo, lions, leopard, large antelope species and smaller mammals. The Lower Zambezi
National Park on the opposite side of the river is heavily populated by hippos and crocodiles, as well as
over 300 species of birds.
Pre-dam livelihoods of villagers living along the Zambezi were highly dependent on the river and
annual flooding for farming, livestock rearing, and fishing. It's estimated that 57,000 Tonga people living
along the Zambezi were forced to resettle in less productive areas as a result of dam and creation of the
reservoir. Regular flooding formally deposited alluvial soils on floodplain, allowing for recessional
agriculture and harvests twice a year. The displaced Tonga are to this day fighting for reparations and
justice.
A reoperation plan for Kariba would entail a coordinated plan by Zambia and Zimbabwe. Although
this complicates the matter, both countries would reap benefits from reoperation. However, these
benefits would be limited to the reach of the Zambezi upstream of Cahora Bassa dam in Mozambique.
An additional consideration is the extent to which the societies who once depended on the Zambezi
before Kariba was built 50 years ago have already adjusted to the modified flow regime. In an ideal
world, both Kariba and Cahora Bassa would be reoperated in conjunction with one another, in order to
more fully restore the natural flow pattern of the Zambezi all the way through the delta. However, the
political feasibility of a three country coordinated effort is daunting to say the least.
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CONCLUSIONS
7) The opportunities for beneficial reoperation of existing hydropower dams are frequent.
In the African setting, some 14 hydropower dam units (including individual dams and cascades
or complexes of dams that operate as a unit) appear to warrant further investigation for
reoptimization, and nine appear to be prime candidates. Many more may be candidates for
rehabilitation in terms of repairs or upgrades of the dams or powerhouses (to be assessed by a
separate team under a separate ToR).
8) For the African dam units that the REOPS tool found to be the most promising opportunities
for reoptimization, a more definitive technical investigation may be warranted.
REOPS is a screening tool, designed to identify the dam units that are the best prospects for
further investigation. A next stage of analysis would consist of more detailed technical studies,
including estimating the environmental flow requirements that can serve as a target for
reoperation, a basin-wide hydrologic planning model, an infrastructure operations model that will
allow various reoperation scenarios to be evaluated and compared, and an economic optimization
model that allows conclusions to be drawn as to the best reoperation alternatives to be
implemented and the appropriate extent. That work would produce a reoptimization plan that can
be implemented first on a demonstration basis and then, with appropriate adjustments, on a
permanent basis. The value of the current project is to illuminate how development assistance
agencies, can best use their limited resources to achieve this tangible and transformational
outcome.
9) In many cases, the effects of existing dams are likely to be superseded by new downstream
dams.
There are a large number of new hydropower dams at various stages of being planned or
constructed on already-developed African rivers. Often, the effects of these dams on riverdependent ecosystems, livelihoods and traditional food production systems will supersede the
effects of the existing dams. In such cases, resources would be better spent in analyzing the
potential to improve environmental performance through improved siting, design and operations of
these new dams. This report does not attempt to catalog the new dams where such work would be
most warranted.
10) Analysis of potential for reoperation of existing hydropower dams also illuminates principles
for more environmentally compatible siting, design and operation of new hydropower dams.
While there will be exceptions, general lessons that emerge from the investigation of
reoperation potential are as follows:
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Site selection:
•

•

Avoid sites that will affect flows into environmentally valuable river features such as
floodplains, wetlands, deltas, estuaries and protected areas. Generally, these tend to be
found in the lower portions of the watershed. Thus, sites higher in the watershed are
generally less impactful than those lower in the watershed.
Sites on tributaries are better than sites on the mainstem of the river. This tends reduce the
flow alteration on the mainstem of the river.

Design choices:
•
•
•
•
•

Smaller reservoir capacity relative to the volume of annual inflow is preferable to larger
dams.
Smaller powerhouses relative to the existing grid capacity are preferable.
Install excess turbine and transmission capacity so that the dams can be reoperated to
release controlled flood events through the powerhouse during the rainy season.
Include a re-regulation dam or pumped storage component if the dam is to be operated as
peak power facility.
Avoid diversion dams above ecologically important river reaches

Operations:
•
•

Operate the dam in a run-of-the river mode to the extent possible.
Incorporate flood control to release routine floods but avoid catastrophic floods in the
downstream environment.

11) Include sediment removal and reduction in “rehabilitation” strategies.
The field consultations revealed that loss of hydropower capacity (and flood control) in
reservoirs is a common occurrence in Africa due to the rapid accumulation of sediment in
hydropower reservoirs. Unless this is addressed, it may often not be worthwhile to invest in repairs
or upgrades to the facility because the remaining life time of the reservoir is so short. Usually,
sediment flushing is not possible because of the lack of sluice gates. Dredging can be efficacious and
cost-effective, but only if the source of high sedimentation in the catchment can also be addressed.
These are generally the consequence of highly erosive cultivation practices and deforestation by the
catchment inhabitants. These are usually a large number of impoverished small landholders,
making effective remediation measures extremely difficult to implement.
12) The utility of the REOPS screening tool has been amply demonstrated in the African setting
and is now suitable for application in most other settings. In some settings, however, some
further refinements and adaptations will be warranted.
Over the course of six months the REOPS tool was successfully applied to screen the
reoptimization potential of 141 hydropower dams in Africa. Through its application, the tool
underwent reiterative upgrades and refinements, which increased its utility (and complexity). It
proved to be robust in efficiently and reliably identifying the best candidates for more intensive
technical investigations and these results were verified by the field study and other consultations.
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The REOPS tool was designed to perform well in all geographic settings. Having proven its value
in African, applying the tool to other geographic settings would seem to be warranted. In doing so,
it is possible that some features of the REOPS tool will need to be further refined or elaborated to
deal with local ecological, hydrological and cultural circumstances. Two illustrative examples follow:
Multi-purpose dams where hydropower is subordinate to water supply or flood control:
While this circumstance did not arise frequently in the African setting, it is not unusual for large
multi-purpose dams in other places in the world to be operated so that flood control is the
overriding operational objective, and water supply (particularly irrigation) is the second priority. In
these cases, hydropower is generated on a somewhat opportunistic schedule. There are many such
examples in Northern China, Northern India, and the Western United States, for instance. In these
circumstances, the reoptimization strategy will have to take into consideration these predominate
operational objectives. This will require additional modules not now incorporated into REOPS. (NHI
has defined these modules for other projects, however.)
Settings where small-scale hydropower diversion projects predominate:
We can take Central America as an example. Like Africa, hydropower has historically dominated
electricity generation in Central America, and new plants continue to be constructed today. In 2002,
the World Commission on Dams (WCD) reported that there were 34 large dams in mainland Central
America, almost all of which generate power. In 2000, an additional 2,124 MW of hydroelectric
generating capacity was under construction in five Central American countries, and a 2005 inventory
of infrastructure projects in Mesoamerica found 381 hydroelectric projects planned for that region
alone.50 Guatemala, El Salvador, Costa Rica and Honduras are particularly active in hydropower
construction. Taking recent dam building into consideration, Central America possesses
approximately one third the number of hydropower dams as were analyzed by the REOPS tool in
Africa.
Unlike Africa, high-head small hydropower, utilizing water diverted down steep slopes, is
actively pursued in Central America. The REOPS tool is designed to be applied to such diversion
hydropower facilities, but it does not treat them in detail. The major environmental issues
surrounding diversion dams result from dewatering the stream in the reach between the diversion
and powerhouse. The challenge in reoptimizing these dams lies in the difficulty to allocate water to
environmental flows in the dewatered reach, without significantly decreasing power generation. In
addition, diversion dams tend to be small and do not create a reservoir. In utilizing the REOPS tool
in Africa only dams > 15 m. in height were considered, but many diversion dams would not meet this
criteria, though they still may cause formidable environmental impacts downstream. As such,
applying the REOPS tool in Central America may require an alternate criterion for determining which
facilities warrant attention for reoptimization analysis.
In Africa, restoring floodplains and the services they provide, were major focuses of the
potential reoptimization of many of the hydropower dams. However, the topography and hydrology
of Central America, as well as cultural differences, lead to floodplains playing a much less significant
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role in Central American livelihoods and ecosystems. Reoptimization of dams in Central America is
expected to focus much more on the instream conditions below dams as well as wetlands and
intertidal resources, all of which are already incorporated into the REOPS tool.
For all of these reasons, the REOPS tool may need to be further developed for application in
the Central American setting.
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APPENDIX A - BIBLIOGRAPHY, INCLUDING ABSTRACTS, FROM DESK STUDY
Literature regarding environmental assessment of dams
Jansen, Amy, Alistar Robertson, Leigh Thompson and Andrea Wilson. 2005. Rapid Appraisal of Riparian
Condition Version Two. Australian Government - Land and Water Australia. Accessed September
2008 at: http://products.lwa.gov.au/products/PR050994.
Riparian condition refers to the degree to which human-altered ecosystems diverge from local
semi-natural ecosystems in their ability to support a community of organisms and perform
ecological functions. The Rapid Appraisal of Riparian Condition assesses the ecological condition of
riparian habitats using indicators that reflect functional aspects of the physical, community and
landscape features of the riparian zone. The Rapid Appraisal of Riparian Condition index is made up
of five sub-indices, each with a number of indicators: Habitat continuity and extent (HABITAT),
Vegetation cover and structural complexity (COVER), Dominance of natives versus exotics
(NATIVES), Standing dead trees, hollows, fallen logs and leaf litter (DEBRIS), and Indicative features
(FEATURES). The Rapid Appraisal of Riparian Condition has been tested in three areas in
southeastern Australia: on the Murrumbidgee River, in Gippsland, and in the Goulburn- Broken
catchment. In all three areas, there was a strong negative relationship between grazing intensity and
riparian condition.
Larson, S. and S. Larson. 2007. Index-based tool for preliminary ranking of social and environmental
impacts of hydropower and storage reservoirs. Energy 32, 943–947.
The Finchaa-Amerti-Neshe multipurpose hydropower and irrigation project, located in the Blue
Nile River basin about 250km northwest of Addis Ababa, is a major energy and irrigation
development in Ethiopia. As such, the project is expected to provide nationwide benefits. Economic
merits and the extent of environmental and socio-economic impacts were evaluated during prefeasibility and feasibility studies. An additional assessment was performed to compare and rank the
project with respect to other similar developments in Ethiopia, either recently implemented or
candidate projects. The paper discusses methods of the project’s comparison and ranking based on
loss of land and cost of relocation of affected people, versus installed capacity and annual firm
energy generation of the project.
McCartney, M.P. & Sally, H. 2005. Managing the environmental impact of large dams in Africa. In:
Lankford, B.A. and Mahoo, H.F. (eds). Proceedings of the East Africa Integrated River Basin
Management Conference, 7th – 9th March 2005, Sokoine University of Agriculture, Morogoro,
Tanzania.
In its final report, published in November 2000, the World Commission on Dams concluded that
the benefits derived from large dams have made a significant contribution to human development.
However, in many cases the environmental and social costs have been unnecessary and, by present
standards, unacceptable. Often negative impacts arise as a consequence of lack of foresight and
because dams are planned and managed in isolation from other developments occurring in a
catchment. Given the huge number of existing dams and the large number that may be built in the
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future, it is clear that humankind must live with the environmental and social impacts for many
decades to come. Consequently, there is a need to improve environmental practices in the
operation of both existing and new dams. This paper provides a brief review of the consequences
for ecosystems and biodiversity resulting directly from the presence of dams on rivers. Strategies to
protect the environment are described. A prerequisite for successful environmental protection is
that dams are managed within the specific environmental, social and economic context of the
catchment in which they are situated.
Natural Resource Conservation Service (NRCS). 2007. Rapid Watershed Assessment (RWA) Guidance.
Accessed September 2008 at: http://www.nrcs.usda.gov/programs/rwa/index.html.
Rapid watershed assessments provide initial estimates of where conservation investments
would best address the concerns of landowners, conservation districts, and other community
organizations and stakeholders. These assessments help land-owners and local leaders set priorities
and determine the best actions to achieve their goals. These assessments are conducted by
watershed planning teams traveling through each watershed, meeting with landowners and
conservation groups, inventorying agricultural areas, identifying conservation opportunities and
current levels of resource management, and estimating impacts of these opportunities on the local
priority resource concerns. The Natural Resources Conservation Service (NRCS) is encouraging the
development of rapid watershed assessments in order to increase the speed and efficiency
generating information to guide conservation implementation, as well as the speed and efficiency of
putting it into the hands of local decision makers.
Shuman, John R. January 1995. Environmental considerations for assessing dam removal alternatives for
river restoration. Regulated Rivers: Research & Management. Vol. 11 (3-4), Pgs 249 - 261.
Dam removal has received increasing attention over the last several years as a viable alternative
to rehabilitation of unsafe dams and as an alternative for consideration as many hydroelectric dams
come up for relicensing in the USA. The environmental impacts of dams on river ecosystems have
been studied far more extensively than have the impacts of removing dams. Comprehensive
environmental research is currently being conducted, assessing both the positive and negative
impacts of the possible removal of Rodman Dam on the Ocklawaha River, Florida. The 2073 m long
and 6·7 m high dam was constructed in 1968, impounding 3642 ha on this 125 km long river. The
impacts of dam removal are compared with those expected by retaining and actively managing the
reservoir for fish and wildlife. The research approach described here for addressing alternatives is
recommended as a holistic procedure in which to make an environmentally based decision
regarding dam removal.
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Diama dam on the Senegal River Delta wetland (Mauritania), using a model based decision support
system. Hydrology and Earth System Sciences, 7(1): 133-146.
The delta of the River Senegal was modified substantially by the construction of the Diama dam
in 1986 and the floodplain and estuarine areas on the Mauritanian bank were affected severely by
the absence of floods. In 1994, managed flood releases were initiated in the Bell basin (4000 ha) of
the Diawling National Park, as part of a rehabilitation effort. The basin was designated as a joint
management area between traditional users and the Park authority and a revised management plan
was developed through a participatory approach based on a topographical, hydro-climatic,
ecological and socio-economic data. Hydraulic modeling was developed as a tool to support
stakeholder negotiations on the desired characteristics of the managed flood releases. Initially, a
water balance model was developed. The data were then integrated into a one-dimensional
hydraulic model, MIKE 11 (DHI, 2000). When associated with a Digital Elevation Model and a
Geographic Information System, (Arc View), the model provided a dynamic description of floods.
Flood extent, water depth and flood duration data were combined with ecological and socioeconomic data. The water requirements of the different stakeholders were converted to flood
scenarios and the benefits and constraints analyzed. A consensus scenario was reached through a
participatory process. The volume of flood release required to restore the delta does not affect
hydro-power generation, navigation or intensive irrigation, for which the dams in the basin were
constructed. Hydraulic modeling provided useful inputs to stakeholder discussions and allows
investigation of untested flood scenarios.
El-Sersawy, Dr. Hossom. 2007. Development of decision support system (DSS) for High Aswan Dam
reservoir sedimentation. Accessed October 2008 at:
www.dsi.gov.tr/english/congress2007/chapter_2/39.pdf.
High Aswan Dam Reservoir (known as Lake Nasser), is the main water supply source in Egypt.
The dam accelerated the land use and human activates in the headwater watersheds within the Nile
basin; especially in the Ethiopian plateau it lead to soil erosion and consequently increased the
sedimentation in the reservoir. There is a need to identify current and future sedimentation in the
reservoir. The main objective of current research is to develop a GIS-based decision support system
(DSS) that can be used to analyze the effect of sediment delivery on the sustainable development of
the reservoir. In addition, the decision support system (DSS) can help to evaluate present sediment
deposition trends, and identify areas for future monitoring needs. The developed decision support
system (DSS) is using sediment modeling techniques with geographic information systems (GIS) to
create base flow and sedimentation maps in the reservoir as a function of time and space. The two
dimensional hydrodynamic and sediment transport model is used to evaluate the effects of various
scenarios of the natural inflow of the Nile River on the sedimentation progress in the reservoir. The
decision support system (DSS) ensures faster and economic means for quantifying and locating
sediment deposition in the reservoir. It is also designed to help the decision makers and agencies in
making watershed management planning within the Nile Basin.
Harrald, John R., Irmak Renda-Tanali, Greg L. Shaw, Claire B. Rubin, and Sarp Yeletaysi. 2004. Review of
Risk Based Prioritization/ Decision Making Methodologies for Dams. The George Washington
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University Institute for Crisis, Disaster, and Risk Management. April 29, 2004. Accessed September
2008 at: http://www.gwu.edu/~icdrm/publications/USACE_ICDRM_RepApr29.pdf.
This position paper provides a review of literature applicable to risk based prioritization and
decision making relative to the operations and maintenance of dams and associated navigational
locks. Particular attention is paid to methodologies developed or used by USACE. Various multiattribute decision modeling and analysis methodologies are summarized and a method is proposed
for use in a USACE case study that focuses on the Columbia—Snake River system in the NW District.
Georgakakos, Aris P. Decision Support Systems for Integrated Water Resource Management an
Application to the Nile Basin. Accessed September 2008 at:
http://www.elet.polimi.it/IFAC_TC_Environment/Venice2004/papers/g_geo_ven04.pdf.
This article presents decision support system (DSS) guidelines for water resources planning and
management in systems with multiple objectives, multiple disciplines, and multiple decision makers.
The guidelines are based on experience with DSS development in Africa, Europe, and the US. A
prototype DSS for water resources planning in the Nile Basin is also described. The article advocates
that the design, development, and implementation of effective decision support systems bring
together disciplines, people, and institutions necessary to address today’s complex water resources
challenges.
King, J., and C. Brown. 2006. Environmental flows: striking the balance between development and
resource protection. Ecology and Society 11(2): 26. Accessed September 2008 at:
http://www.ecologyandsociety.org/vol11/iss2/art26/.
Management of scarce water resources through the use of environmental flows, particularly in
developing countries in data-poor arid areas, raises many scientific challenges. These include
transforming hydrological data into an ecologically relevant format, providing quantified predictions
of river responses to flow change, describing the impacts of river change on common-property users
of the rivers, providing the information in a format that decision makers can use, and guiding
monitoring and adaptive management. Each of these challenges emerged in South Africa during the
last two decades, when rivers and other aquatic ecosystems were enhanced in stature from having
no rights of their own water to being one of only two sectors with a right to water; the other sector
is for basic human needs. This paper outlines the challenges, how they are being addressed in South
Africa, and perceptions of what remains to be done.
McCartney, M.P., Awulachew, S.B., Seleshi, Y., Prasad, K., King, J. & Tarekegn, D. 2005. Decision support
systems for dam planning and operation in Africa. Challenge Program for Water and Food: Project
Leaders Meeting. Entebbe, Uganda 28th November – 01st December 2005.
Dams are amongst the most important components of water resource systems. In many places
the water regulated by and stored in dams is essential to meet the development objectives of water
supply, agriculture (i.e. irrigation and livestock), industry, energy generation and other sectors.
However, in the absence of adequate foresight and planning for adverse impacts, past dam
construction has often resulted in devastating effects for ecosystems and the livelihoods of affected
communities. Participation of stakeholders in the decision-making process and increased equity in
the distribution of benefits are prerequisites to mitigating dam related conflicts and ensuring
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sustainable projects. Appropriate use of decision support systems to assist in the planning and
operation of dams can contribute to these objectives and can also enhance gains in economic, social
and environmental benefits.
Poff, N. LeRoy, J. David Allan, Margaret A Palmer, David D Hart, Brian D Richter, Angela H Arthington,
Kevin H Rogers, Judy L Meyer, and Jack A Stanford. 2003. River flows and water wars: emerging
science for environmental decision making. Front Ecology Environment 1 (6): 298-306.
Real and apparent conflicts between ecosystem and human needs for fresh water are
contributing to the emergence of an alternative model for conducting river science around the
world. The core of this new paradigm emphasizes the need to forge new partnerships between
scientists and other stakeholders where shared ecological goals and river visions are developed, and
the need for new experimental approaches to advance scientific understanding at the scales
relevant to whole-river management. We identify four key elements required to make this model
succeed: existing and planned water projects represent opportunities to conduct ecosystem-scale
experiments through controlled river flow manipulations; more cooperative interactions among
scientists, managers, and other stakeholders are critical; experimental results must be synthesized
across studies to allow broader generalization; and new, innovative funding partnerships are needed
to engage scientists and to broadly involve the government, the private sector, and NGOs.
King, J., and C. Brown. 2006. Environmental flows: striking the balance between development and
resource protection. Ecology and Society 11(2): 26. Accessed October 2008 at:
http://www.ecologyandsociety.org/vol11/iss2/art26/
Management of scarce water resources through the use of environmental flows, particularly in
developing countries in data-poor arid areas, raises many scientific challenges. These include
transforming hydrological data into an ecologically relevant format, providing quantified predictions
of river responses to flow change, describing the impacts of river change on common-property users
of the rivers, providing the information in a format that decision makers can use, and guiding
monitoring and adaptive management. Each of these challenges emerged in South Africa during the
last two decades, when rivers and other aquatic ecosystems were enhanced in stature from having
no rights to their own water to being one of only two sectors with a right to water; the other sector
is for basic human needs. This paper outlines the challenges, how they are being addressed in South
Africa, and perceptions of what remains to be done.
Krchnak, Karin M. “Greening” hydropower: integrating environmental flow considerations. The Nature
Conservancy. Accessed September 2008 at:
www.natureconservatory.com/initiatives/freshwater/files/hydropower_2006_krchnak_paper_final.
pdf.
The leading threats to freshwater biodiversity have been documented by a number of authors
during recent years as well as scientific research projects such as the Millennium Ecosystem
Assessment. The nomenclature may vary, but among the major threats to freshwater ecosystems is
hydrologic alteration. Hydropower is produced through altering the flow of rivers, usually involving
dams that may inundate miles of formerly free-flowing rivers. Downstream of dams flows are
altered, floods diminished, low flows eliminated or accentuated, or timing changed. Sediment is
blocked, and water quality and temperature affected. The success of hydropower projects in the
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future will in part depend on awareness of approaches and options to protect and conserve
environmental flows to meet the long-term needs of biodiversity and communities. The term
“environmental flow” refers to the amount and timing of freshwater flowing in rivers and streams
and into bays and estuaries that are needed to support healthy, diverse populations of fish and
other aquatic life. This paper is aimed at increasing understanding of the importance of functional
freshwater ecosystems. It helps clarify the concept of environmental flows and describes
approaches to integrate environmental flow considerations into dam design and operations. The
paper is designed to help those involved in hydropower projects to consider processes that would
identify incompatibilities among various human and ecosystem needs for water and resolve those
incompatibilities through collaboration.
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Literature regarding African dam reoperation case studies
Acrernan, M. C. 1996. Environmental Effects of Hydro-Electric Power Generation in Africa and the
Potential for Artificial Floods. Water and Environment Journal. 10(6): 429-435.
Electricity is a fundamental requirement for economic growth, and hydro-electric power is often
thought to be environmentally benign. However, the construction and operation of many hydropower dams in Africa have had significant negative impacts on the environment and rural
economies. Reduced downstream flooding has destroyed fisheries and starved the floodplain soils
of moisture and nutrients. Often the worst-affected areas have no electrification and therefore do
not benefit from power generation. New dams which are planned in Kenya and Tanzania have been
specifically designed to make flood releases. This will allow electricity to be generated whilst
maintaining a dynamic flooding pattern for the short-term economic importance of fisheries and
agriculture and the longer-term importance of soil fertility and biodiversity. Involvement of local
community representatives in deciding when flood waters should be released on the Phongolo River
in South Africa has resulted in substantial benefits to floodplain users.
Hamerlynck, O. and Duvail, S. (2003). The rehabilitation of the Delta of the Senegal River in Mauritania.
IUCN, Gland, Switzerland and Cambridge, UK. viii + 88 pp.
This book tells the story of an ecosystem approach to the rehabilitation of the lower delta of the
Senegal River in Mauritania, in and around Diawling National Park. Its main objective is to provide
practitioners with a “feel” for what the approach can entail in the real-life setting of a remote corner
of the Sahel, where people’s livelihoods are inextricably tied to the productivity of their delta. This
productivity is in turn influenced by the mixing of fresh and saline waters during the floods, and by
the surface area flooded.
World Wildlife Fund. Kafue Flats, Zambia: Preserving Biodiversity through Water Management.
Africa needs more infrastructure to collect, store and distribute water. However, this
infrastructure, particularly large dams, tends to disrupt the natural water cycles and the ecosystems
relying on them. How can water and hydropower management be reconciled with these fragile
ecosystems? The Kafue Flats case illustrates the role that technological innovation and cooperation
can play in this respect.
King, Jacqueline and Catherine Brown. 2003. Environmental flows: case studies. World Bank. Water
Resources and Environment Technical Note; no. C 2. Environmental Flow Assessment Series.
The flows of the world's rivers are increasingly being modified through impoundments such as
dams and weirs, extractions for agriculture and urban supply, maintenance of flows for navigation,
inflows of drainage waters, and structures for flood control. These interventions have had significant
impacts, reducing the total flow of many rivers and affecting both the seasonality of flows and the
size and frequency of floods. In many cases, these modifications have adversely affected the
ecological and hydrological services provided by water ecosystems, which in turn has increased the
vulnerability of people, especially the poor who depend on such services. It is increasingly
recognized that modifications to river flows need to be balanced with maintenance of essential
water-dependent ecological services. The flows needed to maintain these services are termed
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"environmental flows" and the process for determining such flows is termed "environmental flow
assessment" (EFA). Environmental flow assessments have evolved from the narrow purpose of
describing flows for maintaining specific fish species to their present use as a tool in holistic
catchment management. The case studies reflect this evolution. The first case study, in Lesotho
Highlands, describes how a flow assessment was completed in the planning stage of a water
development to aid decisions on which dams should be built and how much water should be
allocated to protecting the rivers and subsistence users dependent on those rivers.
Mwangi, Oscar. 2007. Hydropolitics, Ecocide and Human Security in Lesotho: A Case Study of the
Lesotho Highlands Water Project. Journal of Southern African Studies, 33(1): 3-17.
The Lesotho Highlands Water Project is a bi-national collaboration between Lesotho and South
Africa. One of the most comprehensive water projects in the world it aims to harness the water
resources of Lesotho to the mutual benefit of both states. Once completed, about 2,200 million
cubic meters per annum of water will be transferred from Lesotho to the South African network. In
return, Lesotho will benefit in terms of ancillary developments and, in particular, revenue from
royalties. However, due to hydropolitics, the Project has impacted negatively upon human security
in Lesotho. This article examines the relationship of hydropolitics, ecocide and human security, with
reference to the Project. It argues that due to the hydro-strategic interests of the political elite of
both countries, co-operation exists between them over the Project. These strategic interests,
however, outweigh social and environmental considerations in Lesotho, thereby constituting a
threat to human security. The construction of the Project has resulted in ecocide and, as such, it has
adverse environmental and social effects. It has contributed to chronic threats, while at the same
time disrupting the patterns of daily life of the affected communities. Most of the displaced are no
longer able to enjoy their human security as they did prior to the construction of the Project.
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Additional Resources
Basson, Gerrit. 2004. Hydropower Dams and Fluvial Morphological Impacts – An African Perspective.
United Nations Symposium on Hydropower and Sustainable Development, Beijing International
Convention Centre, Beijing, China, United Nations Dept of Economics and Social Affairs 2004: 1-16.
This paper provides background information on historical and future projected hydropower
growth in Africa. Two high priority regional hydropower developments in Africa as identified by
NEPAD are discussed. The impacts of hydropower dams on the fluvial morphology of the
downstream river are reviewed, with specific reference to the role of low flows, intra-annual floods
and inter-annual floods, and the sediment regime and ecosystem functioning. A Southern African
case study: Cahora Bassa Dam on the Zambezi River and its impact on flood attenuation, the river
and the delta are evaluated. Mitigation measures to limit the impacts of hydropower development
on the ecology and fluvial morphology are reviewed, considering impacts upstream and
downstream of the dam. An empirical reservoir classification system is also present
Howard, Charles D.D. March 2000. Operations, Monitoring and Decommissioning of Dams. Prepared for
World Commission on Dams Secretariat. Draft (not for circulation or citation). Accessed at:
www.dams.org/docs/kbase/thematic/tr45main.pdf, 9/30/08.
Owning dams requires consideration for the policies and legal frameworks that promote them
and regulate their operation, the detailed criteria and guidelines that ensure consistency and safety
in their operation, and the methodologies and techniques that ensure their efficient operation.
Some of these considerations like those affecting the safety and integrity of the dam itself (dam
safety), are well established through centuries of engineering practice (though continuing to evolve
along with other technologies). Other considerations are newly emerged and immature, like
regulating the management of water to minimize adverse impacts on the environment, or to
enhance the environment. As time has passed, new information has become available, technology
and techniques have become more sophisticated, and societal priorities have changed. These are
signals to revisit water projects to determine how their operation should be revised. Efficient
utilization of existing dams and the dependant infrastructure provides an economical means for
increasing project benefits.
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APPENDIX B - GLOBAL EXPERTS ON HYDROPOWER DAM OPERATIONS, REOPERATION, AND ENVIRONMENTAL FLOW
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Republic of Benin

South Africa
Abuja, Nigeria

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

Messele

Fisseha

mesfisseha@yahoo.com

0911 426854(mobile), 0116
612699(res.).

Addis Ababa,
Ethiopia

Mr.

Martin

Fodor

Former head of Basin
Development Studies and Water
Utilization Control Department of
the Ministry of Water Resources
World Bank, Bujagali (Field)

mfodor@worldbank.org

(202) 473-9131

Bujagali, Uganda

Dr.

Roger C.

Fotso

rfotso@wcs.org
rfotsowcs@aol.com

Tel/Fax: (237) 22 20 26 45

Yaoundé,
Cameroon

Jstewart1@worldbank.org

5337+4110/233-21-214-119

International Water Management
Institute, Senior Social Scientist in
the CPWF - IWMI East Africa &
Nile Basin
Georgia Tech

k.geheb@cgiar.org

Tel: +251 (11) 645 7222(3)

ageorgak@aol.com

404 894 2240

Atlanta, Georgia

World Conservation Society,
Director Cameroon Office;
Laboratory of Zoology, University
of Yaoundé
World Bank, Bambuna (Field)

Tel: (237) 22 21 40 24

Dr.

Jon

Ms.

Kim

FraserStewart
Geheb

Dr.

Aris

Georgakakos

Mr.

John

Gerstle

Hydrosphere Resource
Consultants/Water Resources,
Environmental Engineer

jhg@hydrosphere.com

303-443-7839

United States

Dr.

Barry

Gold

Barry.gold@moore.org

415-561-7700

United States

Ms.

Liane

Greeff

Moore Foundation, Marine
Conservation Initiative
Environmental Monitoring Group

liane@kingsley.co.za

+ 27 21 4482881

Cape Town,
South Africa

Dr.

David

Grey

World Bank, head of global water
resources

dgrey@woldbank.org

(202) 473-4125

Ms.

Groga-Bada

Ramsar Focal Point, Ministry of
Environment, Water and Forests

grogabadacamille@yahoo.fr

+225 2021 0700

Mr.

Dago
Camille
Frédéric
Rosaque

Guale

HCB-Cahora Bassa, Chief
Environmental Officer

Rosaque.guale.sng@hcb.co.mz

Mr.

Jérôme

Guefack

Head of the Working Party on data
and statistics, IUCN Regional
Bureau of Central Africa

jerome.guefack@iucn.org

Mr.

Emmanuel

GUEMENE
DONTIO

MINRESI / IRGM / LRE (Energy
Research Lab)

eguemene@yahoo.com
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Freetown, Sierra
Leone
Addis Ababa,
Ethiopia

Abidjan, Côte
d'Ivoire
Mozambique

+237 2221 64 96

Yaoundé,
Cameroon
Yaoundé,
Cameroon

Title

First Name

Last Name

Organization, Role

E-mail

Phone

Mr.

Pankaj

Gupta

World Bank, Energy specialist,
regional client for overall rehab
study, finance specialist, Africa
Energy

Pgupta2@worldbank.org

(202) 473-6188

Mr.

Larry

Haas

larryhaas@tesco.co.uk

Ms.

Souad

Haïda

World Commission on Dams,
independent consultant
University Ibn Tofail, Faculty of
Sciences, Department of Geology

Mr.

Waqar

Haider

Senior Energy Specialist, World
Bank Country Office

whaidar@worldbank.org

Mr.

Michael

Hamaide

Dr.

Olivier

Hamerlyck

World Bank leader, Office National
de L'Electricité (ONE) Support
Project
Consultant

Mr.

David

Harrison

Dr.

Joerg

Hartmann

Ms.

Terri

Mr.

souad _hs_haida@yahoo.com

City, Country

Kénitra, Morocco
Abuja, Nigeria

Mhamaide@worldbank.org

Tel: +234 (0) 9314 5269 –
75 Ext. 275
+234 (0) 703 583 0641 - 4
+234 (0) 803 246 7971
202-458-0028

olivier.hamerlynck@wanadoo.fr

243-99-85-91-462

Nairobi, Kenya

TNC, Senior Advisor, Consultant
Global Freshwater Team
WWF, Germany/Dams Initiative
Leader

dharrison@mwhw.com

(303) 541-0344

hartmann@wwf.de

Hathaway

International Rivers, Africa Expert

Africa Dams (general)

+49-69-7-91-44-0
Cell: +49-16-22-91-44-38
Home +49 6172 1233312
Cameroon

Shep

Helguilé

National Coordinator, Sustainable
Fisheries Livelihoods Programme
(FAO, DFID)

Konan.ucn@aviso.ci

Mrs.

Georgette

Hell

Mr.
Dr.

John
Rafik

Hickey
Hirji

Ministry of Energy and Water,
Inspector General
U.S. Army Corps of Engineers
World Bank, Senior
WR/Environment, ETWWA

Dr.

Jeffery

Howard

Mr.

Charles

Howard

IUCN EARO, acting program
coordinator
CDD Howard Consulting Ltd.

Washington DC

Germany

Tél. (225) 21 25 34 05
Cell (225) 0761 92 21

Yaoundé,
Cameroon
Abidjan, Côte
d'Ivoire

John.t.hickey@usace.army.mil
rhirji@worldbank.org

(202) 458-1994

Yaoundé,
Cameroon
United States
Washington, DC

earo@iunc.org

Tel: 254 (020) 890605

Nairobi, Kenya

cddhoward@shaw.ca

250-381-2722

Victoria, British
Columbia
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Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Dr.

Saïd

Imassi

s.imassi@odinafrica.net
imassi@moncourrier.com

21265151786
212777 1957

Morocco

Mr.

Bruno Jean
Richard

Itoua

University Mohamed V, Faculty of
Sciences, Department of Earth
Sciences
DR Congo Minister of Energy and
Water

Dr.

Akinbolaji

Iwayemi

akiniwayemi@hotmail.com

Mr.

Ato Adugna

Jabessa

University of Ibadan, Professor,
Department of Economics
State Minister of Water Resources

Mr.

E. V. (Vijay)

Jagannathan

World Bank, Sector Manager for
Water, Sustainable Development
Department, Middle East and North
Africa Region

njagannathan@worldbank.org

Mrs.

Camille

Jepang

camille.jepang@iucn.org

Mr.

Gustavo

Jessen

Project Coordinator, IUCN - PACO
(Central and West Africa)
Hidroelectrica de Cahora Bassa
(HCB)

Engr.

Razak A. K.

Jomoh

razaqjim@yahoo.com

Tel: +234 (0) 803 321 2348

Nigeria

Prof.

Jean Patrice
Roger

Jourda

Director, Water Allocation &
Authorization
Nigerian Integrated Water
Resources Management
Commission
Président du Comité national
ivoirien pour le PHI
Hydrogéologue/Maître de
Conférences des Universités ViceDoyen Chargé de la Recherche de
l'UFR des Sciences de la Terre et
des Ressources Minières

jourda_patrice@yahoo.fr

225 22 44 52 70
+225 22 42 03 45/22 44 35
00

Abidjan, Côte
d'Ivoire

Mr.

Lahcen

Kabiri

kabiri@fste.ac.ma

212 55574497

Mr.

Romas

Kamanga

Université My Ismaïl, Meknès,
Maroc., Département des Sciences
de la Terre
Zesco

RKamanga@zesco.co.zm

Lukasa, Zambia

Ms.

Dora

Kamweneshe

WWF-Zambia, Lusaka

dkamweneshe@yahoo.com

Lukasa, Zambia

Ms.

Wanjiku

Kaniaru

Associate Expert, Dams and
development Project, UNEP

DRC
Ph: 2348023468751
T: 251116626327

Ibadan Oyo,
Nigeria
Addis Ababa,
Ethiopia

Tel (1-202) 473 1306

Yaoundé,
Cameroon
Mozambique

Gustavo.jessen.sng@hcb.co.mz

Nairobi, Kenya
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Title

First Name

Last Name

Organization, Role

E-mail

Mr.

Kamu

Karekaho

Regional Project Manager ,
Nile Basin Initiative, Regional
Power Trade Project

kkarekaho@nilebasin.org

Dr.

Eloise

Kendy

TNC, Environmental Flows
Director, Global Freshwater
Initiative

ekendy@tnc.org

Dr.
(Ms.)

Francois

Kenfack

E´cole Polytechnique de Yaoundé´

Mr.

Savinus

Kessy

Program officer, Mainstreaming
Climate Change into Integrated
Water Resources Management in
Pangani River Basin (Tanzania) UNDP

savinus.kessy@undp.org

Mr.

Marcel Zadi

Kessy

contact@marcelzadikessy.org

Dr.
(Ms.)

Fadhila

Khatibu

Chairman of the Board of
Directors, Compagnie Ivoirienne
d'Electricite (CIE)
Lower Kihansi Environmental
Project (TANZANIA); National
Environment Management Council
(NEMC)

Mr.

Sylvester

Kiai

Dr.

Jackie

King

Mr.

Joseph M.

Kinyua

Operations Manager, Water
Resources Management Authority

Dr.

Paul

Kirshen

Tufts University

Paul.kirshen@tufts.edu

Mr.

Paul

Kiwele

Ministry of Energy– Task Force
Secretariat Chairperson

kiwele@mem.go.tz

Mr.

Frank

Konuouche

Hydro Western Mgr., KenGen

FKonuche@kengen.co.ke

Dr.

Akoi

Kouadio

Wildlife Conservation Society,
West African manatee
conservation

akouadio@wcs.org

Technical Assistant, Water
Resources Management Authority
University of Cape Town

fad_hemed@no-spam.yahoo.co.uk;
fad_hemed@no-spam.hotmail.com

Jackie.king@uct.ac.za
jking@botzoo.uct.ac.za

Phone

City, Country

41229179641

Yaoundé,
Cameroon

Tel: (+255-22) 2199201-9
(General lines)

Dar-es-Salaam,
Tanzania

Abidjan, Côte
d'Ivoire
T: +255 (22) 212 5256
F: +255 (22) 211 1579
C: +255 (78) 430 6156

Dar-es-Salaam
Tanzania

+254 202 732 291
+254 722 645 346
+27 21-650-3626

Nairobi, Kenya

+254 202 732 291
+254 202 729048/9
+254 202 729 950
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(617) 627-5589

Cape Town,
South Africa
Nairobi, Kenya

United States
Dar-es-Salaam
Tanzania

+254 20 3666000

Nairobi, Kenya

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

Emmanuel

KOUOKAM

beig3@yahoo.fr –
e_kouokam@yahoo.fr

+237 75626067

Yaoundé,
Cameroon

Prof.

George

Krhoda

Director, (Bureau d’Etudes et
d’Investigation Géologico minières, Géotechniques et
Géophysiques). Spécialiste de la
Conception et la Construction des
barrages de retenues.
Environmental Scientist, University
of Nairobi; Former Permanent
Secretary of the Ministry of Water
and Irrigation

george.krhoda@gmail.com
George.krhoda@uonbi.ac.ke

Tel/Work: +254 20 318 262
Tel: +254 20 201 7213
Cell: +254 720 204 305
Home: +254 733 454 216

Nairobi, Kenya

Mr.

Derk

Kuiper

Private consultant (Good Stuff
International), formally at WWF

dkuiper@wwf.nl

Mr.

Abddaim

Lahmouri

Chef de la Division des
Ressources en Eau Secrétariat
d'Etat Chargé de l'Eau

lahmouri@water.gov.ma

21237773664

Morocco

Dr.

George

Ledec

gledec@worldbank.org

(202) 473-3928

Dr.

Helen

Locher

World Bank, Senior ecologist, LAC,
Environment
Hydro Tasmania

Dr.

Pete

Loucks

Dpl3@cornell.edu

Mr.

Makonnen

Loulseged

Cornell University, NHI Board
member
Senior Water Resources Engineer
for the AfDB

Dr.

Dan

Luecke

Consultant, formally at TNC

Luecke5@comcast.net

Dr.

Jay

Lund

UC Davis

jrlund@ucdavis.edu

(530) 752-5671

Davis, California

Mr.

Younes

Maamar

Chief Executive Officer, ONE Office National de l'Electricité

maamar@one.org.ma

Tel + 212 22 66 83 33
022 66 80 80 (Main ONE #)

Casablanca,
Morocco

Ms.

Cacilda

Machava

ARA-Zambezi, Director

cacildamachava@yahoo.com.br

+258-252/ 239 07

Mr.

Peter

Machuria

Kenya Water Resources
Management Authority

macharia10@yahoo.com

Tel: + 254 722 484 413

Nairobi, Kenya

Mrs.

Astrid

Manroth

World Bank Team Leader,
Cameroon Energy Sector
Development Project (FY08) Financial Specialist

amanroth@worldbank.org

23722203815
202-458-0040
202-522-2106

Yaounde,
Cameroon

Mr.

Paul

Martin

World Bank (Field), Inga
rehabilitation

pmartin@worldbank.org

(202) 473-3588

DRC

Helen.locher@hydro.com.au
(607) 255-4896

m.loulseged@cgiar.org
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Tasmania,
Australia
Ithaca, New York
Addis Ababa,
Ethiopia

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

Petro

Masolwa

WWF office Tanzania

PMasolwa@wwftz.org

255262700621

Dar-es-Salaam
Tanzania

Mr.

Luiz

Maurer

lmaurer@worldbank.org

(202) 473-3928

Dr.

I.G.

Mbagwu

Eng.

Hosea

Mbise

Dr.

Matthew

McCartney

Dr.

Daene

McKinny

World Bank/Senior energy
specialist, Eastern Africa Projects,
Africa Energy
National Institute for Freshwater
Fisheries Research
Assistant Commissioner in the
Ministry of Energy and Minerals
International Water Management
Inst., International Researcher
University of Texas at Austin

Dr.

Karen

Meijer

Dr.
(Mrs.)

Wubua

Mekonnen

Dr.

Barbara

Miller

Mr.

Robert

Mills

Mr.

Strike

Ms.

ecostat@email.com;
ecostat@gmail.com
hoseambise@yahoo.co.uk

Nigeria

daene@aol.com

Tel: +255 22 2119159
Mob: +255 787565060
+251 (11) 617-2246
Cell: 0911 739 711
(512) 471-5644

Dar-es-Salaam
Tanzania
Addis Ababa,
Ethiopia
Austin, Texas

Delft Hydraulics, Delft University of
Technology

Karen.meijer@wldelft.nl

+31 152 858585

Delft, the
Netherlands

Nile Transboundary Environmental
Action Project
Ethiopia National Project
Coordinator
Ethiopian Environmental Protection
Authority
World Bank, Team Leader, Nile
Basin Initiative, Africa Water
Resources

wmekonnen@nilebasin.org

cell 0911561417

Addis Ababa,
Ethiopia

bmiller@worldbank.org

(202) 473-2451

Washington DC

rmills@worldbank.org

Mkandla

World Bank Team Leader,
Mozambique: Energy Reform and
Access Program
UNEP - Addis Ababa

Marta

Monjane

Mr.

Glenn

Morgan

Ms.

Helena

Motta

Dr.

Peter

Moyle

M.McCartney@cgiar.org

Mozambique

UNEPOffice@UNECA.org

Tel: +251 1 443431

IUCN

marta.monjane@iucn.org
iucn.moz@tvcabo.co.mz

Tel: +258 (21) 490-599

World Bank, Lead environmental
specialist, Nam Theun
Programme Coordinator, WWF
Mozambique Programme Office

gmorgan@worldbank.org

(202) 458-1909

Washington DC

hmotta@wwf.org.mz

2581490970

Maputo,
Mozambique

UC Davis, NHI Board member

pbmoyle@ucdavis.edu

(530) 752-6355

Davis, California
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Addis Ababa,
Ethiopia
Maputo,
Mozambique

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

M.O.Y.

Msuya

Head, Hydrological Services Water Research Division
Ministry of Water, Energy and
Minerals

dwr-maji@intafrica.com
rutashobya.d@raha.com

255 51 451 465

Dar-es-Salaam
Tanzania

Ms.

Sidónia
Muamina
Bacar
Cardoso
Clement

Muhorro

Technician, Department of Coastal
Management, Ministry of
Coordination of Environmental
Affairs
Zambezi River Authority

sidoniamuhorro@yahoo.com.br

+258 21 465 622

Lusaka, Zambia

Dr.
(Ms.)

Musonda

Mumba

Ms.

Leonissah

Munjoma

Mr.

I.K.

Musa

Dr.

Paulo

Muxanga

Dr.

Beason

Mwaka

Mrs.

Elenestina

Mwelwa

Zesco, Environmental Officer

emmwelwa@zesco.co.zm

Lukasa, Zambia

Eng.

Ngosi C.X

Mwihava

mwihava@mem.go.tz

Dar-es-Salaam
Tanzania

Dr.
M.

Salvador
Justin

Namburete
NANTCHOU
NGOKO

Ministry of Energy and Minerals,
Assistant Commissioner
(Renewable Energy)
Minister of Energy, Mozambique
GEF Operational Focal Point,
Ministry of the Environment and
Nature Protection

justinnantchou2000@yahoo.fr

+237 99 91 94 62
Tel.: (237) 222 9492, 9483,
991 9462

Dr.

Jules Remy

Ndam

Hydrologist, Université de Yaoundé

jrndam@yahoo.fr

Tel: (237) 23 74 79

Mr.

Richard

Nderitu

Director of Operations, KenGen

rnderitu@kengen.co.ke

Tel: +254 20 3666000

Mr.

André

NGUESSEU

Ministry of Energy and Water , Sub
Director

Mr.

Mukosa

mukosa@zaraho.org.zm

Lukasa, Zambia

Freshwater Programme
Coordinator for WWF Eastern
Africa Regional Programme Office
(formally)

MMumba@wwfearpo.org
musondam@gmail.com

t + 254 20 387 26 30/31

Information and Communication
Expert Zambezi Action Plan
Project, IUCN
Executive Director, Nigerian
Integrated Water Management
Institute

lmunjoma@zamcom.org
zacpro@zamcom.org

Tel: +263 (4) 728-266-7/
706261/725723/738

Chairperson of the Hidroeléctrica
de Cahora Bassa (HCB) Board of
Directors
South Africa Dept. of Water Affairs
and Forestry

Nairobi, Kenya

m +254 723 786183
Harare,
Zimbabwe
Nigeria

mwakab@dwaf.gov.za

25825282223

Mozambique

+27 12 336 8188

Pretoria, South
Africa

Mozambique
Yaoundé,
Cameroon
Yaoundé,
Cameroon
Nairobi, Kenya
Yaoundé,
Cameroon
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Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.
Dr.

Joel
John M.

Ngugi
Ngundam

Hydro Eastern Mgr., KenGen
E´cole Polytechnique de Yaoundé,
Electrical engineer; Fulbright

Tel: +254 20 3666000
O: 630-252-9682
H: 630-985-0647

Nairobi, Kenya
Yaoundé,
Cameroon

Mr.

Paul

Nia

T: +237 77594750 / +237
97224543 / +237 22318889

Yaoundé
Cameroun

Dr.

Madiodio

Niasse

Au MINRESI / IRGM / CRH
(Hydrology Research Centre),
Expert hydrologue et
hydrogéologue
Global Water Partnership-Africa

JNgugi@kengen.co.ke
jmngundam@yahoo.co.uk
ngundam@polytech.uninet.cm
ngundam@anl.gov
niapaul2000@yahoo.fr

Madiodio.Niasse@gmail.com

+ (221) 867-3949

Dakar, Senegal

Dr.

Felix

Njoku

f.njoku@afdb.org

Tél.: +216 71 10 2612

Tunis, Tunisia

Mr.

PC

Njoku

Eng.

P.K.

Njurumba

Mr.

Teboho

Nkhahle

Mr.

Mohamed

Noaman

Mr.

Paul

Noupa

Mr.

Jorum
(Willie)
Prince
Nelson C.

Ntuta

Mr.

John Rao

Nyaoro

Prof.

Emmanuel
A.

Obot

Nwosu

African Development Bank,
Massingir Dam Rehabilitation
contact
National Energy Development
Project

njokupci@nepapmu.org

Water Conservation & Control
Specialist, Water Resources
Management Authority
Environmental Impact
Management Services and
Lesotho Highlands Development
Agency, Board of Directors

njurumbakama@yahoo.com

State Engineer, Ramsar/ Office of
the High Commission with National
Forestry Commission and
Commission to combat
desertification
IUCN Lom Pangar Dam Project,
Facilitator of International Panel of
Independent Experts
recommended by WWF Tanzania
Director, Corporate Support
Services, Nigeria Integrated Water
Resources Management
Commission
Director of Water Resources,
Ministry of Water and Irrigation
Executive Director, Nigerian
Conservation Foundation (NCF)

Abuja, Nigeria
Nairobi, Kenya

teboho@eims.co.za

Tel: +254 20 2716103
Cell +254-722-854135
Cell: +254 2733 854 135
+11-789-7170

noaman.m@caramail.com

21237672628

Morocco

paulnoupa@yahoo.fr

237.99641646; +237 99 64
16 46

Yaoundé
Cameroun

ncnwosu_2007@yahoo.com

ncnwosu_2007@yahoo.com

Dar es Salaam,
Tanzania
Abuja, Nigeria

jrnyaoro@yahoo.com

Tel. +254 020 – 2716103,
2716285
23412642498

williejbn@yahoo.co.uk

eaobot@yahoo.com
emmanuel.obot@ncfnigeria.org
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Randburg, South
Africa

Nairobi, Kenya
Lagos,
Nigeria.

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

Jay

O'Keefe

UNESCO-IHE; Professor of
Freshwater Ecosystems

j.okeeffe@unesco-ihe.org

+31(0)15-215 1768

The Netherlands

Engr.

I.C.

Okoli

General Manager of Generation for
PHCN

engricokoli@yahoo.co.uk

+234 8053 633 150

Abuja, Nigeria

Mr.

Africa

Olojoba

World Bank (Field), Niger River

aolojoba@worldbank.org

5331+3425

Mr.

Emmanuel

OMBAHO

AES - SONEL, Chargé
d’exploitation à la Centrale
hydroélectrique d’Edéa

Mr.

Serge Hervé

Ondoua

Director of International
Cooperation, Ministry of
Environment and Nature Protection

Mrs.

Miriam

OnesmoZacharia

Dr.

Jeff

Mr.

Tél. : +237 75298804

Yaoundé
Cameroun

ondouabilounga@yahoo.fr

236.999072

Yaoundé
Cameroun

Assistant Director Wildlife
Development

director@wildlife.go.tz

255222866375

Dar es Salaam,
Tanzania

Opperman

TNC, Technical Advisor for Water
Management, Global Freshwater
Initiative

jopperman@tnc.org

(303) 541-0344

Columbus, Ohio

Jason

Oyugi

Regional Project Manager, Global
Water Partnership, East Africa

joyugi@nilebasin.org
www.gwpena.org

Entebbe, Uganda

Dr.

Silvia

ParienteDavid

World Bank team leader, Office
National de L'Electricité (ONE)
Support Project

sparientedavid@worldbank.org
silvia.parientedavid@paconsulting.com

Tel +256 (41) 4321 424
Cell +256 733 762 685
Skype: jason.oyugi
473-0663

Mr.

Israel

Phiri

iphiri@zamnet.zm

Mr.

S.E. Hele

Pierre

Mr.

Jamie

Pittock

Zambezi Energy Ministry, Head,
On board of IHA and on HSAF
Minister of Environment and
Nature Protection
WWF, Freshwater Researcher

Mr.

Luc

Podie

Ministry of Energy and Water,
Ingénieur Général

Dr.

Yves

Prevost

World Bank, Senior Environmental
Specialist, Africa Environment

yprevost@worldbank.org

(202) 473-2136

Ms.

Idah

PswarayiRiddihough

World Bank Team leader, Niger
River Basin and rehabilitation
project

lpswarayiriddiho@worldbank.org

(202) 473-458-2178

Lusaka, Zambia
236.999072

jpittock@wwf.org.au

Washington DC

Mob: +61 407 265 131,

Yaoundé
Cameroun
Sydney, Australia
Yaoundé
Cameroun
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Washington DC

Title

First Name

Last Name

Organization, Role

E-mail

Mr.

Phera

Ramoeli

pramoeli@sadc.int

Dr.

Cathy

Reidy
Liermann

Southern African Development
Community, Water Sector
Postdoc, U. of Washington

Dr.

Brian

Richter

TNC, Director, Global Freshwater
Initiative

brichter@tnc.org

(434) 295-6106 X162

Charlottesville,
VA

Mr.

Jason

Rubens

jrubens@wwftz.org

255222700077
Mobile : +255 744 229450

Dar es Salaam,
Tanzania

Dr.

Sayyadi
Abba

Ruma

WWF - Tanzania, Technical
Adviser - Rufiji-Mafia-Kilwa
Seascape Programme
Nigeria Minister of Agriculture and
Water Resources

aruma@nigeria.gov.ng';
'awaziri@nigeria.gov.ng';
'aseriki@nigeria.gov.ng'

09-314-1931
09-314-2405

Abuja, Nigeria

Mr.

Patrick

Rutabanzibwa

former Permenant Secretary,
Ministry of Energy and Minerals
Tanzania - now in Ministry of Home
Affairs (Dec. 2008)

2119050

Dar es Salaam,
Tanzania

Mr.

Antonio

Saide

National director of New and
Renewable Energy

aos@me.gov.mz
asaide@yahoo.com.br

25821357600

Maputo,
Mozambique

SAIDOU

MINRESI / IRGM / LRE (Energy
Research Lab)

saidou2002@yahoo.fr

National Center for Hydropower
Research & Development
(NACHRED) University of Ilorin
Empresa Nacional de Energia
Electrica (ENEE)

awsalami2009@gmail.com
M2gauree2@metro-red.hn

Honduras
California

Dr.

Phone

City, Country
Gaborone
Lesotho
Seattle, WA

Cathy.reidy@emg.umu.se
cathyrl@u.washington.edu

Yaoundé
Cameroun

Dr.

A. W.

Salami

Ms.

Rose Mary

Salgado

Mr.

Anthony

Saracino

TNC, Director, CA Water Program

asaracino@tnc.org

Dr.

Scudder

CA Inst. of Technology

tzs@hss.caltech.edu

(626) 395-4207

California

Dr.

Thayer
(Ted)
Abdulkarim

Seid

Nile Basin Initiative, DSS
development group

aseid@nilebasin.org

00 251 1 227413

Addis Ababa,
Ethiopia

Dr.

Yilma

Seleshi

Addis Ababa University, lecturer in
civil engineering (water resources)

base_et@ethionet.et

Mob. 251-911-222440

Addis Ababa,
Ethiopia

Dr.

Ismail

Serageldin

Alexandria Library, Director

secretariat@bibalex.org

+203 483-9999
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Tel +234 (0) 803 821 9183
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First Name

Last Name
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E-mail

Phone

City, Country

Mr.

Abdalla S.

Shah

Nile Transboundary Environmental
Action Project
Tanzania National Project
Coordinator, Department of
Environment, Vice President Office

abdallashah@aya.yale.edu
abdallashah62@yahoo.com

2550744091742

Dar es Salaam,
Tanzania

Mr.

Gogwim M.

Shimang

FAO/ DFID, National Coordinator,
Sustainable Fisheries Livelihoods
Programme

gshimang@yahoo.com

(234) 093144664 / 665

Abuja, Nigeria

Siewe

AES - SONEL, Chargé d’Etude à la
division mécanique de la Centrale
hydroélectrique d’Edéa
Programme Administrator &
Network Support Officer, Global
Water Partnership Southern Africa

Tél. : +237 75298925

Yaoundé
Cameroun

Tel: +46 (0)8 522 126 61
Mob: +46 (0)73 088 00 53

Sudan

Mr.
Mr.

Alex

Simalabwi

alex.simalabwi@gwpforum.org

Mr.

Jean
Bernard

Sindeu

Minister of Energy and Water,
Cameroon

Prof.

B.F.

Sule

National Centre for Hydropower
Research and Development

nachred@unilorin.edu.ng
bolajifsule@yahoo.com

Phone:+234 803 7456689

Ilorin, Nigeria

Ms.

Jean Marie

Takone

AES – SONEL, Ingénieur
Chef du Projet Principal Hausses
Mobiles

jeanmarie.takone@aes.com

Tel: 23733421553/
23799312942

Yaoundé,
Cameroun

Mr.

Madani M.

Tall

World Bank Country Director for
Mauritania, Côte d’Ivoire, Benin,
Togo, and Niger.

mtall@worldbank.org

Tel: (225) 22 400 401/
DAMA 5331-3401

Abidjan, Côte
d'Ivoire

Mr.

Tabe E.O.

Tanjong

Senior Policy Officer, WWF Central
Africa Regional Programme Office
Ramsar - wetlands

ttanjong@wwf.cm

+237 22 21 70 83

Yaoundé,
Cameroun

Mr.

Tongabiang

TARH

Ministry of Energy and
Water, Inspector N°2

Mr.

Solomon

Tassew

Ethiopia Ministry of Energy and
Water Resources, Chief of Power
Planning Team

Yaoundé,
Cameroon

Yaoundé,
Cameroun
solomontassew@yahoo.com
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Addis Ababa,
Ethiopia

Title

First Name

Last Name

Organization, Role

E-mail

Phone

City, Country

Mr.

Richard

Taylor

International Hydropower
Association (IHA), Executive
Director

rmt@hydropower.org

+44 20 8652 5290

London

Mr.

Martin

Tchambe

WWF Cameroon, Technical
Manager

mtchamba@wwfcarpo.org

23722217083

Yaoundé
Cameroun

Dr.

Gabriel

Tchatat

Ministry of the Environment,
Cameroon (formerly)

dr.tchatat.gabriel@gmail.com

23777977575
22314315

Yaoundé
Cameroun

Dr.

Bezuayehu

Tefera

Dissertation: "People and Dams:
environmental and socio-economic
changes induced by a reservoir in
Fincha’a watershed, western
Ethiopia "

bezuayehto@yahoo.com

Tel 0911 606845 (mobile),
0113 494694 (fixed)

Addis Ababa,
Ethiopia

Dr.

Rebecca

Tharme

rtharme@tnc.org

+52 999-920-2003

Merida, Yucatan,
Mexico

Mr.

JeanPhilippe

Thomas

International Water Management
Inst., International Researcher
(Wetland Ecology)
TNC, Senior Freshwater Scientist
Environment and Development
Action in the Third World (ENDATM)'s Energy Programme

energy2@enda.sn

(221) 33 889 34 28 / 33 822
59 83

Dakar - Sénégal

Mr.

Bruno

Trouille

bruno.trouille@mwhglobal.com

(303) 533 1900

Broomfield, CO

Dr.

Mike

Tumbare

MWH, Vice President, Power
Systems Group (Zambia project)
Zambezi River Authority, CEO

Dr.

Luke

Umeh

African Development Bank,
Manager of the agriculture division
(formally); own consulting company
(SAFRRED)

ilumeh@safrred.com
ilumeh@yahoo.com

2348036765349
Phone: 234(0)42-253-454,
234(0)803-676-5349

Enugu, Nigeria.

Mr.

Adriaan

Tanesco Managing Director

mdtan@intafrica.com

00 255 51 112891

Mr.

Assistant au PCCI - has changed
positions
Tufts University

kouassjv2003@yahoo.fr

Dr.

Kouassi
Jules
Richard

van der
Merwe
Venance

Richard.vogel@tufts.edu

(617) 627-4260

Dar es Salaam,
Tanzania
Abidjan, Côte
d'Ivoire
Massachusetts

Mr.

John

Volkman

Energy Trust of Oregon, Inc,
General Counsel

John.Volkman@energytrust.org

(503) 493-8888

Oregon

Dr.
Dr.

Charles
George

Vorosmarty
Ward

University of New Hampshire
University of Texas

Charles.vorosmarty@unh.edu
gward@mail.utexas.edu

(603) 862-0322
(512) 471-0114

New Hampshire
Austin, Texas

Vogel

tumbare@zamtel.zm
zaraho@coppernet.zm
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E-mail

Mr.

Andrew

Warner

awarner@tnc.org

Dr.

Peter

Watson

TNC, Senior Advisor for Water
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PLW Development Solutions,
Chairman

Phone
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+ 44 1628 829 625

Littlewick Green,
UK

Dr.

Alex

Weaver

CSIR, South Africa, Research
Fellow

aweaver@csir.co.za

+27 21 888 2443

Stellenbosch,
South Africa

Mr.

Eric

Weiss

BC Hydro

Eric.Weiss@bchydro.bc.ca

Mr.

Christopher

Williams

WWF-US Head of Freshwater

Chris.williams@wwfus.org

(202) 293-4800

Washington DC

Dr.

Marcus

Wishart

World Bank (Field), Zambia

mwishart@worldbank.org

Zambia

Dr.

Daniel

Yawson

Komadugu Yobe Project
Coordinator, IUCN - PACO /
FMWR / NCF

daniel.yawson@iucn.org

5338+3237/260-21-1252811
2348025238195

Mr.

Benon

Zaake

Ugandan Directorate of Water
Development

Zaake.wrmd@dwd.co.ug

+256 77 417 595
+256 41 341 342

Entebbe, Uganda

Mr.

F.K.
Olumfemi

Zaccheaus

PMU-PHCN

Olufemi_zaccheaus@nepapmu.org

tel: +234 (0) 803023246811

Abuja, Nigeria
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City, Country
United States

BC, Canada

Kano, Nigeria

APPENDIX C - TABLE OF MAJOR AFRICAN HYDROPOWER DAMS
Country

Algeria

Angola

Burkina
Faso
Burundi

Cameroon

Central
Africa
Republic
Congo

Mediterranean Coast

Height
of dam
(m)
82

Capacity of
reservoir
(MCM)
200

Consider for
reoptimization?
No

Cheliff

Mediterranean Coast

105

280

No

Ighil Emda

Agrioum

Mediterranean Coast

76

160

No

Oued Fodda

Oued Fodda

Fodda

Mediterranean Coast

101

228

No

Catumbela
River Dams
Chicapa I

Biopio
Lomaum
Chicapa I
Capanda
Cambambe
Gove
Matala
Cunje II
Mabubas
Tundavala
Bagre
Kompienga
Rwegura
Lagdo
Mopfou
Mbakaou
Mape
Bamendjin
Edea
Song Loulou
Boali I

Catumbela

South West Coast

Chicapa

Congo River Basin

Cuanza

South West Coast

Cunene

South West Coast

Cunje
Dande
Mapunda
Nakanbe
Ouale
Kitenge
Benoue
Mefou
Djerem
Mape
Noun
Sanaga
Sanaga

South West Coast
South West Coast
South West Coast
West Coast
West Coast
Congo River Basin
Niger River Basin
Central West Coast

Mbali

Congo River Basin

20
30
16
110
68
58
16
24
38
26
40
50
40
40
20
30
34
17
15
35
52

2
1
1
4,800
20
2,574
78
87
62
2
1,700
2,050
-999
7,800
5
2,600
3,300
2,000
-999
10
-999

>52

-999

Djoue

Congo River Basin

36

9

Dam Unit

Name of
dam(s)

River

Major basin

Erraguene

Erraguene

Djen Djen

Ghrib

Ghrib

Ighil Emda

Cuanza River
Dams
Cunene River
Dams
Cunje II
Mabubas
Tundavala
Bagre
Kompienga
Rwegura
Lagdo
Mopfou
Sanaga Basin
Dams

Boali dams
Djoue

Boali II
Djoue

Central West Coast
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(Potential) Reason for
Exclusion
Mod. potential for envi. benefits
Supply ops. supersede
hydropower
Mod. potential for envi. benefits
Supply ops. supersede
hydropower

No

Controls sm. % of flows

No

Controls sm. % of flows

Maybe

Mod. potential for envi. benefits

No

Mod. potential for envi. benefits

No
No
No
No
No
No
Maybe
No

Controls sm. % of flows
Controls sm. % of flows
Controls sm. % of flows
Mod. potential for envi. benefits
Mod. potential for envi. benefits
Controls sm. % of flows
Controls sm. % of flows
No hydro yet

No

Mod. potential for envi. benefits

No

Mod. potential for envi. benefits

No

Controls sm. % of flows

Country

Côte d'Ivoire

Dam Unit
Moukoukoulou
Ayme (Ayame)
Dams
Bandama
River Dams

Moukoukoulou
Ayme I
Ayme II
Kossou

Buyo

Buyo
Inga II

Inga Dams
Democratic
Republic of
Congo

Egypt

Ethiopia

Gabon
Ghana
Guinea

Name of
dam(s)

Lualaba River
Dams
Lufira River
Dams
Mobaye/
Oubang
Ruzizi I
Zongo
Nile Dams
(Egypt)
Awash River
Dams
Finchaa
Gilgel Gibe I

Taabo

Inga I
N'Seke/ Nzeke
N'Zilo I
Koni
Mwadingusha
Mobaye/
Oubang
Ruzizi I
Zongo
High Aswan
Old Aswan

Major basin

Bouenza

Central West Coast

Bia

West Coast

Bandama

West Coast

Sassandra
Congo
Van
Deuren

West Coast
Congo River Basin

Height
of dam
(m)
60
30
35
58

Capacity of
reservoir
(MCM)
1
900
69
27,675

34

69

37
40

8,300
-999

-999

20

70
73
19
-999

1
2
28
-999

Consider for
reoptimization?
No

(Potential) Reason for
Exclusion
Controls sm. % of flows

No

Controls sm. % of flows

Yes

None

Yes

None

No

Controls sm. % of flows

No

Controls sm. % of flows

Lualaba

Congo River Basin

Lufira

Congo River Basin

Ubangi

Congo River Basin

31

-999

No

Controls sm. % of flows

Ruzizi
Inkisi

Congo River Basin
Congo River Basin

Nile

Nile Basin

15
17
111
53

1
1
162,000
5,000

No
No
No
No

20

1

No

Controls sm. % of flows
Controls sm. % of flows
High Aswan is primarily for
water supply, while the other
dams control a small percent of
flows

New Esna

Maybe

Mod. potential for envi. benefits

Koka

Awash

Rift Valley

42

1,900

No

Mod. potential for envi. benefits

Finchaa
Gilgel Gibe

Finchaa
Gilgel Gibe
Wabi
Shebele
Abay

Nile Basin
Rift Valley
Shebelli & Juba
Basin
Nile Basin

25
40

650
850

No
No

Mod. potential for envi. benefits
Mod. potential for envi. benefits

23

750

No

Mod. potential for envi. benefits
Mod. potential for envi. benefits

Central West Coast

No

Controls sm. % of flows

Volta

West Coast

Yes

None

Konkouré

West Coast
West Coast

Yes
No
No

None

Samou

-999
220
-999
147,960
-999
2,000
223
-999

No

M'Bei

-999
36
-999
134
20
-999
30
-999

Melka Wakena

Melka Wakena

Tis Abay II
M'Bei River
Dams

Tis Abay II
Tchimbele
Kinguélé
Akosombo
Kpong Dikes
Garafiri
Banieya
Donkea

Volta River
Dams
Garafiri
Samou River
dams

River
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Mod. potential for envi. benefits

Country

Dam Unit

Guinea

Samou River
dams

Kenya

Lesotho
Liberia

Madagascar

Turkwel
Muela
Mount Coffee

Kale (Grand
Chute)
Gitaru
Kamburu
Kiambere
Kindaruma
Masinga
Turkwel
Muela
Mount Coffee

Mandraka

Mandraka

Tana River
Dams

Varahina-Nord
Dams
Nankhuna

Malawi

Mali

Mauritius

Morocco

Name of
dam(s)

Mantasoa
Tsiazompaniry

Manantali
Niger Basin
(Mali)

Nankhuna
Mudi
Kapichira
Nkula A & B
Tedzani Falls
Manantali
Sotuba
Selingue

Champagne/Di
amamouve

Champagne/Di
amamouve

Eau Bleau
Mare Longue
Valetta
Abdelmoumen
Al Thelat
Lalla
Takerkoust
Mansour
Eddahbi

Eau Bleau
Mare Longue
Valetta
Abdelmoumen
Al Thelat
Lalla
Takerkoust
Mansour
Eddahbi

Shire Basin
Dams

River

Major basin

Height
of dam
(m)

Capacity of
reservoir
(MCM)

Consider for
reoptimization?

20

14

No

20
150
585
16
1,560
1,645
6
-999

Tana

East Central Coast

Turkwel
Nqoe
St. Paul
Issu de
Mantasoa
VarahinaNord
VarahinaSud
Nankhuna
Mudi

Rift Valley
Orange Basin
West Coast

30
56
112
24
70
155
55
19

Madagascar

25

Madagascar
Madagascar
East Central Coast
Zambezi Basin

Shire

(Potential) Reason for
Exclusion

Yes

None

Yes
No
No

None
Project(s) in place
Not producing power

-999

No

Controls sm. % of flows

20

125

No

Mod. potential for envi. benefits

27

260

No

Mod. potential for envi. benefits

15
17
-999
-999
-999
70
-999
23

-999
1
-999
-999
-999
11,270
-999
2,170

No

Controls sm. % of flows

No

Controls sm. % of flows

Yes

None

No

Mod. potential for envi. benefits

36

4

No

Controls sm. % of flows

18
15
-999
94
36

6
6
2
216
30

No
No
No
No
No

Controls sm. % of flows
Controls sm. % of flows
Controls sm. % of flows
Other Impairment
Mod. potential for envi. benefits

Bafing
Niger
Sankaran
Grande
Riviere du
sud-est
Eau Bleau
Aigrettes
Tatamaka
Issen
Lao

Senegal River Basin

N'tis

North West Coast

71

96

No

Unable to modify downstream

Draa

North West Coast

70

592

No

Supply ops. supersede
hydropower

Niger River Basin
Madagascar
Madagascar
Madagascar
Madagascar
North West Coast
Mediterranean Coast
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Country

Dam Unit
Moulouya
River Dams
Oued El
Makhazine

Morocco

Oum Er R'Bia
Basin Dams

Name of
dam(s)
Mechra
Homadi
Mohammed V
Oued El
Makhazine
Ait Ouarda
Bin El Ouidane
Hassan 1°
Sidi Said
Maachou
Al Massira
Daourat
Imfout

Nigeria

Moulouya
Loukkos
El Abid
El Abid
Lakhdar
Oum Er
Rbia
Oum Er
R'Bia
Oum Er
R'Bia
Oum Er
R'Bia

Major basin

Mediterranean Coast
North West Coast

North West Coast

Height
of dam
(m)

Capacity of
reservoir
(MCM)

Consider for
reoptimization?

57

42

No

64

725

No

67

807

No

43
133
145

4
1,484
273

No
No
No

29

2

No

82

2,760

No

40

10

No

50

27

No
No

Tessaout

100

197

Beht
Inaouene
Ouergha
Sebou

North West Coast

68
72
88
61

0
1,217
3,730
82

Chicamba
Real

Moulay
Youssef
El Kansera
Idriss 1°
Al Wahda
Allal Al Fassi
Chicamba
Real

Revué

Indian Ocean Coast

75

Corumana

Corumana

Sabié

Indian Ocean Coast

Massingir
Cahora Bassa
Dadin Kowa
Ankwil
Kurra
Lower Niger
River Dams
Ikere Gorge
Oyan
Ouree

Massingir
Cahora Bassa
Dadin Kowa
Ankwil
Kurra
Jebba
Kainji
Ikere Gorge
Oyan
Ouree

Elefantes
Zambezi
Gongola
Tenti
Tenti
Niger
Niger
Ogun
Oyan
Ouree

Limpopo Basin
Zambezi Basin
Niger River Basin
Niger River Basin
Niger River Basin

Sebou Basin
Dams

Mozambiqu
e

River

Niger River Basin
West Coast
West Coast
Niger River Basin

89

(Potential) Reason for
Exclusion
Supply ops. supersede
hydropower
Supply ops. supersede
hydropower

Supply ops. supersede
hydropower and Mod. potential
for envi. benefits

No

Supply ops. supersede
hydropower

1,536

No

Mod. potential for envi. benefits

46

1,273

No

48
171
42
26
19
40
79
48
30
21

2,256
39,000
2,855
31
17
3,600
15,000
265
270
7

No
Yes
No
No
No
Maybe
No
No
No

Supply ops. supersede
hydropower
No hydro yet
None
No hydro yet
Controls sm. % of flows
Controls sm. % of flows
Lack of operational/
engineering flexibility
No hydro yet
Controls sm. % of flows
Controls sm. % of flows

Country

Sierra
Leone

South Africa
South Africa

Sudan

Swaziland

Tanzania

Togo

Tunisia

Uganda
Zambia

Height
of dam
(m)

Capacity of
reservoir
(MCM)

Consider for
reoptimization?

Niger River Basin

125

7,000

No

Mod. potential for envi. benefits

West Coast

69

220

No

Supply ops. supersede
hydropower

Dam Unit

Name of
dam(s)

River

Major basin

Shiroro

Shiroro

Kaduna/Di
nya

Guma

Guma

Guma

Driekloof

Driekloof

Kilburn
Kogelberg
Orange River
Dams
Jebel Aulia
Khashm El
Gibra
Upper Blue
Nile Dams

Kilburn
Kogelberg
Gariep
Vanderkloof
Jebel Aulia
Khashm El
Gibra
Roseires
Sennar

Luphphlo

(Potential) Reason for
Exclusion

Nuwejaarsspruit
Mnjaneni
Palmiet

Limpopo Basin

-999

37

No

Project(s) in place

Indian Ocean Coast
South Atlantic Coast

Project(s) in place
Project(s) in place

Orange Basin

No

Project(s) in place

White Nile

Nile Basin

36
19
5,674
3,237
3,500

No
No

Orange

51
19
88
108
22

No

Atbara

Nile Basin

35

1,300

No

Project(s) in place
Supply ops. supersede
hydropower

Blue Nile

Nile Basin

60
48

3,000
930

No

Controls sm. % of flows

Luphphlo

Lusushwan
a

Indian Ocean Coast

45

24

No

Controls sm. % of flows

Nyumba Ya
Mungu

Nyumba Ya
Mungu

Pangani

East Central Coast

42

870

No

Other Impairment

Rufiji Basin
Dams

Mtera

45

3,200

No

Other Impairment

40
25
16
44
78
57
70
26
72

125
1
1
1,710
73
81
555
5
200

No
No
Yes

Controls sm. % of flows
Controls sm. % of flows
None

Lower Kihansi
Kprime
Nangbeto
Medjerda
Basin Dams

Owen Falls
Dams
Kafue Basin
Lunsemfwa
Basin Dams

Kidatu
Lower Kihansi
Kprime
Nangbeto
Ben Metir
Kasseb
Sidi Salem
El Aroussia
Nebeur
Nalubaale and
Kiira
Itezhi-Tezhi
Kafue Gorge
Mita Hills

Great
Ruaha
Rufiji
Kihansi
Aka
MoNo
El Lil
Kasseb
Medjerba
Medjerba
Mellegue

East Central Coast
East Central Coast
West Coast
West Coast
Mediterranean Coast

No

Mod. potential for envi. benefits

White Nile

Nile Basin

30

-999

No

Controls sm. % of flows

Kafue

Zambezi Basin

70
53

4,925
785

No

Project(s) in place

Lunsemfwa

Zambezi Basin

-999

-999

No

Controls sm. % of flows
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Country

Zambia/
Zimbabwe

Dam Unit

Kariba

Name of
dam(s)

River

Mulungushi

Mulungushi

Kariba

Zambezi

Major basin

Zambezi Basin

-999 indicates an unknown value

91

Height
of dam
(m)

Capacity of
reservoir
(MCM)

47

41

128

188,000

Consider for
reoptimization?

Maybe

(Potential) Reason for
Exclusion

Project(s) in place

APPENDIX D - COMMONLY USED DATA SOURCES
African Development Info (http://www.afdevinfo.com/htmlreports/sor/sor_44101.html)
• Basic information on installed power capacity and operating entity
Africa Energy Intelligence (http://www.africaintelligence.com)
• Short (one paragraph) updates on the power industry - new developments, contracts,
rehabilitation projects, etc.
Bernacsek, G.M. 1984. Guidelines for dam design and operation to optimize fish production in
impounded river basins (based on a review of the ecological effects of large dams in Africa). CIFA
Tech. Pap., (11):98. Accessed October 2008 at:
http://www.fao.org/docrep/005/AC675E/AC675E00.htm
• Impact of African dams on fish stock
Birdlife International. Important Bird Areas. Datazone. Accessed October 2008 at:
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APPENDIX E - KENYA FIELD CONSULTATIONS
Power Sector Overview
Power reliability is a major problem in the Kenyan grid, especially during the dry season in January
and February, as a result of the large proportion of hydropower (60 per cent) in the electrical grid.51 The
bulk of this electricity is generated by five generating plants along the Tana River. These five stations
combined - Kindaruma, Kamburu, Gitaru, Masinga and Kiambere - have an installed capacity of more
than 400 MW. Turkwel Gorge Power Station in north-western Kenya contributes an installed capacity of
106 MW. Additional pressure will be put on these power generators if the plans to build a port at
Lammu come to fruition.
Improving the reliability of power will require more dams as well as other types of generators. The
best prospects for future dams are on the Zoia, Athi, Nyando and Mara Rivers. Geothermal energy is
generated using natural steam tapped from volcanically-active zones in the Rift Valley. Although some
127 MW is produced from three plants located at Olkaria, there is still major untapped geothermal
potential in the Rift Valley - enough to make Kenya a net power exporter. The World Bank is funding
some exploratory studies in this regard. Geothermal power has the advantage of providing great
flexibility in the time of generation, and would thus be a good option for counteracting rescheduling of
hydropower generation for environmental flows. Additionally, thermal energy is generated in power
stations at Mombasa and Nairobi. It is also inherently flexible. Kenya is currently a small net importer.
The country is also subscribed for about 400 MW of power from the Gilgel Gibe III hydropower plant,
being constructed on the Omo River in Ethiopia.
The Kenyan national grid is already interconnected with Uganda, and there are also plans to
interconnect with Tanzania, Zambia, and eventually with the South African grid system. In the last
quarter of 2003, Zambia, Tanzania, and Kenya signed an accord to build an electricity grid that will
connect the power grids of the three countries so that they might access electricity from the Southern
Africa Power Pool (SAPP). It is envisaged that transmission lines will be constructed between Serenje
(Zambia), Mbeye (Tanzania), Arusha (Tanzania) and Nairobi (Kenya), and the capacity of the links may be
increased to 400 MW from an originally-envisaged 200 MW. This connection should reduce the cost of
power through out the Rift Valley lakes region.52
Kenya Electricity Generating Company Limited (KenGen) produces about 80 percent of electricity
consumed in the country. The Government of Kenya holds around 30% of shares in KenGen, a private
company. KenGen is in direct competition with four Independent Power Producers who between them
produce about 18 percent of the country's electric power.
The transmission, distribution and retail of electricity throughout Kenya is handled by Kenya Power
and Lighting Company (KPLC), is a limited liability company. KPLC owns and operates the national
transmission and distribution grid, and is responsible for the scheduling and dispatch of electricity to
more than 600,000 customers throughout Kenya. The interconnected network of transmission and
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distribution lines covers about 23,000 kilometers and has been growing at an average rate of 4 per cent
over the past five years. Plans for further expansion have been hampered by lack of funds.
KenGen is financing “catchment preservation” in Kenya’s five major watersheds on its own and
through the Kenya Energy Sector Environment Program (KEEP). KEEP is an initiative of the Minister of
Energy and includes: Kenya Electricity Generating Company (KenGen), Kenya Power and Lighting
Company (KPLC), Kenya Pipeline Company (KPC), National Oil Corporation of Kenya (NOCK), Kenya
Petroleum and Refinery Limited (KPRL) and Energy Regulatory Commission (ERC). The project was
gazetted towards the end of 2007 and is yet to be launched officially. This is intended to be a 10-year
program with effect from 2007.53

Tana River Dams - Masinga, Kamburu, Gitaru, Kindaruma, and Kiambere
The Tana River flows 708 km (440 miles) from its headwaters in the Aberdare Range and Mount
Kenya to the Indian Ocean. Five hydropower dams are located in the headwaters, the most upstream of
which is Masinga dam (40 MW), followed by Kamburu (94.2 MW), Gitaru (225 MW), Kindaruma (40
MW), and Kiambere (164 MW). Masinga and Kiambere are both storage dams, while the three dams in
between are run-of-river.
The Tana is the only permanent river in an extremely dry region and supports a range of highly
productive natural ecosystems containing unique and endemic biodiversity. The riparian forest
ecosystem downstream of the dams and the Tana Delta are extremely important, ecologically and for
human use. The forest provides habitat to two IUCN Red Book primates, which are indicators of a
diverse and highly endemic species composition dependent upon the river. The Tana River National
Primate Reserve was established in 1978 to protect these animals and their riparian forest habit. There
is a lack of regeneration of these forests along the banks of the Tana River from Mbalambala to the delta
at Kipini, which is attributed to decrease peak flows (and other reasons). Other protected areas
downstream of the dams include: North Kitui National Reserve, Meru National Park, Masinga Reservoir
as a noted Important Bird Area and three other protected areas adjacent to the river.
The delta and lower floodplain sustains 100,000 people who depend on the annual flood events for
subsistence agriculture, fishing, livestock rearing and horticulture. It is also the main refuge of livestock
and wildlife from a wide area that is extremely arid for most of the year. During the droughts there is an
additional influx of pastoralists. The delta is a particularly important site for thousands of breeding birds
as well as a feeding site for many thousands more. It is internationally important for the survival of 22
species of bird, including the threatened Malindi Pipit (Anthus melindae) and the endangered Basra
Reed-warbler (Acrocephalus griseldis).54
A sugar cane plantation project proposed for the delta was blocked by a court in Malingi, but
another 38,000 ha plantation is now proposed that would take water upstream. One objective of Duvail
and Hamerlynck's work in the delta, funded by the French Ministry of Environment and Ecology, is to
document the case for Ramsar designation. They are modeling the flows in the lower floodplain and
delta, using the MIKE platform, and will have environmental flow requirements within one year that will
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be sufficiently quantified for a dam reoperation study. The big data gap has to do with the lack of
gauging stations and flow data. The only station with a useful period of record is at Garissa.
The five Tana River dams provide about 75% of the hydropower of Kenya. But output is not reliable
and power rationing is now necessary in the dry season. Masinga is silting up very rapidly due to poor
land use practices in the upper basin, which has greatly reduced the design capacity. As a result, KenGen
is increasingly using the storage in the downstream dams to firm up reliability. Although the best sites
on the Tana have already been developed, there is a proposal by the Mutonga-Grand Falls Hydropower
Project for a new pair of dams to be built upstream of the current dams. The Grand Falls dam would be
the biggest in the system and have the largest adverse effects on the downstream system.
The natural flow regime was characterized by substantial seasonal and inter-annual variability with
two seasonal flood periods: Nov and Dec (known as the long rains) and March-April (known as the short
rains). The Tana dams are utilized entirely to maximize power output, and flood control is therefore
incidental rather than intentional. A generally constant flow is released by the dams. Yet, the system
maintains a flashy pattern due to large flows generated in the intermittent and uncontrolled
downstream tributaries during high runoff events. Some incremental releases from the Tana cascade
could re-create a very beneficial controlled flood pattern. Thus, if the lowest dam were reoperated to
release more water during these flood peaks, and store more dry season water to compensate, the
desired environmental flows could be created. This may mean that a relatively modest incremental
release from Kiambere may be sufficient to recreate an environmental pulse flow. Then, the furthest
upstream dam would need to be reoperated more radically to generate more dry season power and less
wet season power.
An environmental flow pattern only needs to generate out of bank flows about every five years—for
mangrove regeneration and floodplain forest regeneration. Farmers and fishermen, however, need
annual flood events. The comparative importance of the long and short rains and whether one is
dispensable for purposes of maintaining the delta livelihoods and ecosystems is not yet known. However
one interlocutor did opine that the long rains are considered the more ecologically important.
It appears that the floodplain above Garissa and below the dams would both be good targets for a
re-created flood regime. There were diverging opinions on the flood constraints at Garissa and other
downstream towns. Although Garissa has experienced flooding in the past, the river has actually been
diverted to an older meander pathway that is about one km from the town. The same is true at Gerson,
the only other riverside town of substantial size. In addition, it was opined that it would be feasible to
levee these towns, and also Bura, if necessary.
In some reaches below Garissa, the river is incising and draining the groundwater. Whether
reintroduced flows could create the hydraulics necessary for geomorphic benefits is not known.
There are two irrigation schemes downstream of the dams, the Bura project and another delta
irrigation project, which irrigate sugar cane and rice fields. Both pump water directly out of the river and
neither use groundwater. The Bura Irrigation project has already failed, resulting in abandonment of
many fields. The original project was only 5,000 ha and diverted water through an inflatable barrage.
But, the cost of maintaining the delivery infrastructure proved to be too high. An El Nino event
destroyed much of the infrastructure, and it has not been rebuilt by the Japan International Cooperation
Agency (JICA), which funded the original project.
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Turkwel Dam
Turkwel dam is located on the river with the same name which flows north from Mount Elgon on
the border of Kenya and Uganda to Lake Turkana. The lake, located approximately 200 km downstream
of Turkwel, is “protected” as a national park and World Heritage Natural Site.
The Turkwel dam was overdesigned with an exceedingly large storage capacity relative to the flow
of the river. As a result, it has always operated far below capacity. The dam was commissioned in 1994
and dried the river entirely for three years. The reservoir still takes many years to fill, which greatly
reduces inflows to Lake Turkana and periodically causes the river to go completely dry. There are also
huge evaporative losses of the stored water. Some reported that the dam was the product of highly
publicized corruption among powerful officials.
Already, there are large ecosystem changes in the Lake Turkana delta attributable to the dam. The
river had a seasonal and highly flashy flow regime. The downstream forest is dominated by Acacia
tortilis which depends upon river flooding. The riparian forest is a vital element in the grazing ecology of
Turkana pastoralists, particularly in the dry season and in times of drought. Also, when the infrequent,
heavy rainstorms cause the river to flood, new sediment and water flow onto the cultivated floodplain.
The floods are also vital to recharge the floodplain aquifer. When the river dries up, open-pit wells are
dug in the riverbed for livestock and human consumption. Before the dam, pastoralists had begun
converting into agro-pastoralists, but now that trend has been reduced considerably. These peoples
have reverted to a livestock-dominant economy with resulting large conflicts over grazing areas. Food
production is declining and this is a big concern as the irrigation provided by the dam is quite small.
Further downstream, the delta is desiccating leaving a wide expanse of dry and unproductive land
now being invaded by noxious weeds. There has also been a considerable change in the lake fishery.
Because Turkana is a transboundary lake, it would also be necessary to reoperate the Ethiopian dams to
bring it back to health. The inflow from the Omo in Ethiopia dominates the system. KenGen will also be a
subscriber to the Omo river hydropower production when Gilgel Gibe III comes online.
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APPENDIX F - ETHIOPIA FIELD CONSULTATIONS

Power Sector Overview
The Ethiopian Electric Power Corporation (EEPCO) is the parastatal responsible for electricity
generation. Hydropower accounts for over 85 percent of Ethiopia’s 767 MW of existing generating
capacity. The main power grid in the country is known as the Inter Connected System (ICS), which
connects the vast majority of power plants to the main towns. At present, there are eight hydro, twelve
diesel fired and one geothermal plants in the ICS.55 Alternatively, the Self Contained System (SCS), with a
generating capacity of about 30 MW is dominated by diesel generators. The reliance on hydroelectric
generating capacity has left the power sector vulnerable to reduced production during the dry season or
during prolonged droughts.
Ethiopia has not yet exhausted its economic hydro power potential though, and EEPCO plans to
greatly increase its hydro generating capacity rather than create a more balanced generation mix.
According to International Water Power and Dam Construction; “Its (EEPCO’s) reasoning seems to be
that if droughts cut production at hydroelectric plants in half then it should double its capacity to cope
with the cuts. Any excess electricity can be exported when there is plenty of water in order to generate
further revenues.”56
Recent and planned expansion of generation capacity includes the following: The 73-MW Tis Abay 2
facility, located on the Blue Nile (Abay) came online in 2001. U.S.-based Harza Engineering (now MWH
Global) oversaw the construction of an additional 34-MW unit at the Finchaa hydroelectric facility in
western Ethiopia. EEPCO opened the new 180-MW Gilgel Gibe hydroelectric facility, located on the Omo
River in 2004. The second phase of the Gilgel Gibe project, a diversion dam below Gilgel Gibe I, will
produce about 420 MW. The third phase of the Gibe cascade, known as Gilgel Gibe III, will become the
largest hydropower plant in Africa with an installed power of about 1870 MW. The plant, including a 240
m high dam on the Omo River, is expected to be operational in 2011. Together, all three plants,
operated by EEPCO, are expected to increase Ethiopia's electrical coverage from its current 17% to 50%,
as well as supply electricity to the neighboring countries of Sudan, Djibouti and Kenya.57 By 2011, the
Tekeze Dam, a 188 meter tall arched dam with a generating capacity of 300 megawatts of electricity and
a 9.3 billion cubic meter reservoir capacity, should be complete, as well as the Beles hydro power dam
with a capacity of 435MW. 58

Awash River Dams (Koka & Awash I, II, & III)
The Awash generating facilities are located on the Awash River, 80 km southeast of Addis Ababa. All
controlled Ethiopian rivers flow into neighboring countries except the Awash, which ends in an internal
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delta. The river frequently floods in August/September following heavy rains in the eastern highland.
The significant flooding in 1999 was mainly caused by heavy rainfall in the eastern highlands and
escarpment areas not because of heavy rain in the upper watershed areas (i.e. upstream of the Koka
Reservoir). A number of unregulated tributary rivers draining the highlands eastwards, including the
Keleta River 20 km below the dams, provide high and unregulated flows during the rainy season. These
can increase the water level of the Awash River in a short period of time and cause flooding in the lowlying alluvial plains along the river course.59
There are a series of three dams on the Awash: the Koka dam and two Awash dams. Koka dam
(furthest upstream) has the largest storage capacity. The primary purpose of the dam is hydropower
production, but now it is also operated to supply water for dry season irrigation downstream. Koka has
three turbines, all of which are very old (48 years) and inefficient. One turbine is held in standby mode
and all of these turbines could be upgraded. Moreover, the power output is low because the dam does
not create much hydraulic head. Below the Koka dams is another series of dams, Awash I, II and III and a
fourth dam, Awash IV being planned.
Koka has already lost 35-50% of its storage capacity to sediment accumulation, according to a study
conducted by a Dutch firm. As a result, it only controls about 50% of the inflows and the low level
outlets cannot be used because they are blocked by the sediment, which is now over 10 meters above
them. The loss of storage forces the dam to release water through the spillway, bypassing the
generators, to avoid overtopping during the peak runoff events. The dam is thereby losing both
hydropower and water storage for the downstream irrigation, especially when releases are made in
anticipation of flood events that do not materialize. Due to the high sediment deposition, the dam will
only remain operational for another 25-30 years.
This high siltation rate is a consequence of the high erosion rates in the upper catchment from
intensive farming, extensive deforestation, and excessive grazing. It is doubtful that sediment controls
would be feasible because of the large catchment area and the large number of farmers. This loss of
storage is also causing concern about the sufficiency of water supply for the downstream irrigation
schemes. Ethiopia is studying techniques for dredging the reservoir.
There are a series of irrigation schemes downstream of the dams. A short distance downstream,
water is diverted for the 6,000 hectare Wonji project. Much of this infrastructure was destroyed by a
massive flood in 2006. One-hundred thirty kilometers downstream is a 20,000 hectare scheme that
diverts water at the Kesem dam, and 200 km downstream, water is diverted at the Tendaho dam for a
60,000 hectare sugar cane scheme. There are also many sugar plantations below the Awash series of
dams, with the largest now under development.
In sum, Koka is a classic example of a dam that has lost much of its functionality due to
sedimentation. It no longer controls the peak flow events in the system. As a consequence, there are
semi-controlled flood events during the rainy season. There are also several unregulated tributaries
downstream that provide peak flows during the rainy season. During the dry season, much of the river
flow is diverted within a short distance of the dam for irrigation. For all of these reasons, it is a poor
prospect for reoperation.
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Tis Abay I & II
The low Tis Abay barrages control flows out of Lake Tana. While they only permit a three meter
change in storage levels, this amounts to ample storage of 9.1 billion cubic meters of water due to the
immense size of Lake Tana, which has about 3 billion cubic meters of dead storage. These dams then
divert water for power generation downstream below the falls, creating a 45 meter hydraulic head. The
power plants are only operated for peak power production nine months out of the year.
SMEC consulting firm has conducted an environmental assessment of the Tis Abay hydropower
facilities for the World Bank, as well as the new hydropower facility on the Beles River. The big
controversy with these projects is the dewatering of the falls, which are an important tourist attraction.
IWMI has developed an estimate of flow requirements for the falls, but the environmental flow
requirements for the reach from the Lake to the Finchaa confluence have not been studied. Most of this
is a deep gorge, but the first 45 km below the dam are relatively flat, so there may be important
environmental values in this reach. The World Bank study concludes that the environmental impacts
associated with the change in flow through this reach will not be significant.
In any event, the Tis Abay power plants will be converted to stand-by power facilities once the 450
MW Beles power station becomes operative later this year. The Beles project will divert water out of
Lake Tana through a transmountain tunnel into the Beles River, which enters the Blue Nile at the
Ethiopian/Sudan border. It requires a continuous flow of at least 200 cu m/sec to feed the turbines, but
the flow of the Blue Nile at the confluence of the Beles is huge. This power plant would operate using
uniform releases to the Beles River but with some seasonal peaking. Higher releases might occur in mid
September to avoid spilling water from storage during the ensuing rainy season. Then, water will be
released from Lake Tana to the Tis Abay powerhouses only during the rainy season, dewatering the
canyon in the upper Blue Nile below Lake Tana during the dry season. The World Bank is also supporting
irrigation schemes below the confluence of the Beles and Blue Nile.
The effect of Beles dam on the flows in the headwaters of the Blue Nile below Lake Tana is not
certain, but has been studied by the German consulting firm, Lahmeyer. One speculation is that the
Ethiopian Electric Power Corporation will operate the Charachara barrage, which regulates the lake
level, to keep lake levels high to maximize diversions to the Beles power plant, which may continue to
dewater the waterfalls. Others indicated that the government has committed to release water for the
waterfalls on a regular (but infrequent) schedule specifically for tourism purposes. One interlocutor
thought the plan was to release water for the falls only on Sundays, but only if there are tourists. The
local residents who rely on the tourism economy want to have waterfall flows all year round.
There are other water development schemes being planned for this basin as well, including plans for
three dams to regulate flows into Lake Tana, largely for flood control. There are large siltation deposits
in the deltas formed by these tributaries as they enter the lake, and the effect of the new dams on the
sediment regime is not clear.
The main environmental issues, however, actually have to do with the changes in lake level due to
these barrages and the effect on the land uses on the perimeter, specifically recessional agriculture.
There is also a huge wetland area around the lake and some irrigation is also being developed in areas
around the lake. Siltation, due to farming and deforestation for charcoal in the catchment above the
lake, is causing adverse effects on fishing and water quality for both the Lake and the upper Blue Nile.

101

The Nile Basin Initiative (NBI) has been working on land closures, terracing and reforestation to address
these problems, but the funding has now run out for this.
Prof. Seleshi suggests that the operations of the new Beles facility for environmental performance
would be a worthwhile undertaking. SMEC studied the effects of the intended operating rules on water
balances in the lake using MIKE software. To evaluate how these operating rules might be improved,
one commentator suggested documenting the variations in the lake level requirements for the
ecosystems and human livelihoods in the lake perimeter, such as recessional agriculture and fishery
recruitment, using the natural lake level fluctuations as a guide. Following this, it would be useful to
study the changes in Beles power plant operating rules that would be necessary to maintain these
variable lake levels. (It is not clear whether, under natural conditions, the lake levels fluctuated with the
seasons, or whether the inflow and outflow were matched so that the lake remained at a constant level
(probably the latter)). The objective of the operational study would be to maintain the current seasonal
variability while releasing water for power generation.
The Nile Basin Initiative is planning a series of dams on the Blue Nile within Ethiopia that will be joint
enterprises with Sudan and Egypt, called the Joint Multipurpose Project. These will total 3500 MW,
much more than the current hydropower capacity in Ethiopia, and operations will be optimized for the
entire cascade. The feasibility study is being undertaken by the Ethiopian Ministry of Water Resources in
consultation with the other national governments. The operational priorities will be for flood control for
Sudan and power sales to Egypt. EDF-France has studied generation planning for all three countries and
the World Bank has been heavily involved.

Finchaa
The primary purpose of this dam is actually the irrigation water for the large sugar plantations
(7,000-11,000 hectares) in the basin which produce biofuel, rather than hydropower. The irrigation
schemes divert water at about 50 km below the dam. The hydropower production out of this dam is
accomplished by penstocks that drop some 500 meters into the Blue Nile, yet generate only around 100128 MW of power (estimates vary). Still, it is a highly efficient plant that operates with a high capacity
factor. It was built by MWH in 1973. There is also a downstream dam (Amerti). Together, they generate
about 135 MW of power.
The river runs only a short distance to the confluence with the Blue Nile, which is a steep canyon in
the downstream reach. There are some wetlands in the intervening reach, but probably not of high
ecological value. The reservoir itself has inundated a swampland and a grazing area. The inundation of
the reservoir has caused the swampland to expand. When full, the reservoir is some 60 km long. During
the dry season, it recedes by about 5 km. This recessional area is used for grazing and agriculture (which
might be eliminated if the reservoir were reoperated). So the environmental changes are mostly above
the dam rather than below it. There was no proper resettlement of the displaced communities who lost
land.
There is much land erosion into the reservoir and deforestation in surrounding lands is rampant. An
absence of land conservation practices and the intensity of farming impacts continue to grow with
increasing populations due to displacement of people by the reservoir. The resulting sediment
accumulation has reduced power generation during the dry season.
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For all of the reasons mentioned, all of the interlocutors agreed that this dam is not a good prospect
for reoperation.

Gilgel Gibe (I, II, & III)
Gilgel Gibe I, located in the Ethiopian Rift Valley, is a newly constructed dam, completed in 2004.
The Gilgel Gibe II plant is under construction and set to begin producing power in May 2009. It will use
the water discharged by the Gilgel Gibe I plant, channeled through a 26 km tunnel under Fofa Mountain,
to the Omo River Valley. An additional controversial dam, Gilgel Gibe III, is now under construction, 150
km downstream of Gilgel Gibe I on the Omo, with an expected capacity of 1,870 MW. The existing dams
do not cause substantial flow alteration, in the view of all interlocutors, including the residents of the
riverside communities near Omorate.
Gilgel Gibe III, located in the middle reach of the Omo River approximately 600 km upstream of Lake
Turkana, is so much larger than the Gilgel Gibe I and II, that it will overwhelm the effects of the existing
dams on the Omo River, suggesting that reoperation studies should therefore focus on this future dam.
Gilgel Gibe III is intended to generate power with uniform dam releases providing constant flows all
seasons, yet it is also intended to operate as a peak power generator with sharp daily fluctuations in
releases (peak demands are experienced between 8-11 and 19-22 hours). A minimum release of 32
m3/sec is necessary to generate power.
Many believe that Gilgel Gibe III will have massive impacts on the river flows. The dam site is
characterized by a deep gorge with vertical walls. However, the lower Omo flattens allowing for flood
recession agriculture and livestock grazing on the floodplain. The Omo-Give River contains a high
diversity of fish species and passes through several National Parks/ Wildlife areas between the dam and
lake. The Omo River enters Lake Turkana, on the Kenyan border, forming an inland delta with extensive
seasonal floodplains. The Omo contributes 90% of the total inflow into Lake Turkana. Before entering
the lake, the Omo travels through Omo and Mago National Parks (on either side of the river), areas of
great biodiversity and populated by more then fifteen different indigenous groups still engaged in
traditional agricultural and pastoral activities. Notably, Gilgel Gibe III will also have a flood control
function for protection of the delta farming communities. However, they are already adapted to a flood
regime and need this to revitalize their farmlands annually. Some interlocutors asserted that the
assumption was that water for delta farming would be provided by eventual irrigation schemes in the
delta, requiring a massive change in life style for the residents.
Others opined that the current variability in flow in the Omo River is not very large (around one
meter in river stage level). Therefore, these interlocutors (e.g. Messele) do not think the flow regulation
impacts of the new dam will not be large after the reservoir has been filled, but it surely will during the
initial fill period. Friends of Lake Turkana, a Kenyan organization representing indigenous groups in
northwestern Kenya whose livelihoods are linked to Lake Turkana, is also particularly concerned about
lake levels during the filling of the 11,750 Mm3 reservoir. The organization has filed a formal request
with the African Development Bank’s (AfDB) Compliance Review & Mediation Unit (CRMU) to
investigate and intervene in the Bank’s plans to finance the project.
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The Environmental Impact Statement (EIS), January 2009, does contain allowances for
environmental flows, including minimum flow requirements and controlled floods.60 However, the EIS's
scientific integrity and absence of thoroughness has been criticized.

Melka Wakena
This dam was sited to take advantage of a 300 meter fall in the river gradient for hydraulic head. The
dam may have been overbuilt for the volume of inflow as it operates with a low capacity factor (.48).
The maximum capacity is 153 MW. It operates as a daily peaking facility. A downstream dam is being
designed (Wabi Shebele # 18).
This dam is not a good prospect for a number of reasons.
•

The size of the reservoir is small compared to the volume of river flow (the power production is
never more than 40-50 MW).

•

The downstream channel is a deep gorge for over 500 km—apparently quite dramatic and
beautiful--but without riparian river uses. The new dam would be sited at the bottom of this
canyon. On the other hand, the alpine vegetation in the basin is a unique ecosystem.

•

There are many seasonal tributaries in this basin below the dam and all the way to the Somalia
border. So this dam does not actually control water flows through reaches of the Wabi Shebele
River that are of interest for ecosystem or livelihood restoration.

•

There is scant information as to whether current operations are causing environmental
problems in the downstream canyon.
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APPENDIX G - CAMEROON FIELD CONSULTATIONS
Power Sector Overview
Cameroon has an installed power capacity of 935 MW, of which 90% is hydroelectric. Yet the
country’s functioning power capacity is only 450 MW due to the old and deteriorated state of the
facilities and equipment, the lack of long term maintenance, and, in the case of the hydropower plants,
the recent drought. Cameroon’s two main hydro stations, Edea and Songloulou, are located on the
Sananga River, while the smaller Lagdo station is located on the Benue (tributary to the Niger).
Successful development of Cameroon's estimated 500,000 MW of hydroelectric potential could make
the country a net electricity exporter in the future. Presently, however, Cameroon's heavy reliance on
hydropower leaves its electricity sector extremely vulnerable to droughts. Cameroon relies on
approximately 30 aging diesel power stations as back-up facilities, the largest of which are located in
Garoua (20.0 MW), Douala (15.4 MW), and Yaounde (10.8 MW).
AES-SONEL has managed generation and distribution of Cameroon's electricity since 2001 when USbased AES Corporation purchased a majority stake in the state-run Socit Nationale'd Electricit de
Cameroun (SONEL). Although AES-SONEL maintains a customer base of approximately 427,000, most of
Cameroon's population does not have access to electricity. Those with electricity are often subject to
brownouts. AES-SONEL plans to invest US$500 million between 2003 and 2009 to improve the
Cameroonian network. The 5-year investment plan is mainly targeted to renew and refurbish existing
distribution, transmission and generation assets, but also includes over EUR 11 million for improvement
of environmental and safety performance of the company, and EUR 25 million for improvement of dam
safety of the existing hydro plants and reservoirs.61 The project started with the completion of a new 85
MW, oil-fired plant at Limbe in August 2004. AES-SONAL now plans to convert Limbe from heavy fuel oil
to natural gas and expand its capacity to 400 MW. The gas plant at Limbe will diversify Cameroon’s
power generating capability and bridge seasonal power deficiencies during the dry season, when its
generation of hydropower is most limited. The company also plans to construct a gas-fired plant at Kribi,
with a capacity of 150 MW and 225 kV dual transmission line from Kribi to Edéa.62
Cameroon is a member of the Energy Pool of Africa, which aspires to eventually connect the
electricity grids of all members of the Central Africa Economic Community (CEEAC). AES-SONEL and
France's electricite de France (EDF) have conducted studies concerning a Chad-Cameroon
interconnector project in the near future.
Cameroon continues to study the Lom Pangar Dam project, designed to regulate the flow of a major
tributary to the Sanaga and thereby enable Songloulou and Edea dams to produce 170 megawatts of
additional power and improve their dry seasonal reliability. Construction on the dam has yet to occur
61
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due to ongoing environmental impact studies. The World Bank voiced concern over the Lom Pangar
project, related to the environmental impact on the Deng-Deng Reserve and the fact that the reservoir
created by the dam would submerge part of the Chad-Cameroon pipeline.

Sanaga River System - Bamendjin, Mbakaou, Mape, Songloulou, and Edea
There are two hydropower generation stations on the Sanaga River main branch (Songloulou and
Edea) and three storage dams on its upstream tributaries which are operated cooperatively for
hydropower production. Bamendjin, Mape, and Mbakaou are “pure” regulation dams (i.e. with no
power production facility) whose time lags for water deliveries to the nearest power production facility,
Songloulou, are five, six, and seven days, respectively.
This system presents the potential for reoperating a complex of dams to permit an environmental
restoration flow to be generated at one of the dams while the others are reoperated to compensate for
the change in scheduling of power generation. However, in this particular case, reoperation is probably
not warranted because the complex of storage dams control only about 20% of the total runoff in this
system, so that the distortion in the natural flows is not large enough to warrant a change in operations.
This storage is also rapidly diminishing due to the high silt accumulation in both Bamendjin and
Mbakaou. According to one interlocutor, Bamendjin has lost virtually all of its storage and now
experiences overtop flooding to such an extent that the downstream residents are fleeing the area to
avoid the flood hazards. There is also much loss of storage and river flow to seepage because of the
volcanic substrate in the basin. The reservoir inundated a heavily vegetated area, resulting in methane
gas emissions from the anaerobic decomposition. The releases initially flooded downstream villages
because topographic studies were not conducted to correlate magnitudes to inundation patterns.
If the storage were larger and more disruptive, a reoperation might be accomplished in the
following manner: There are two main sub-basins that converge above the power stations at
Songloulou and Edea. The storage for these power stations is at Bamendjin on the Noun River and
Mape on the Mape River, which control flows on one of the sub-basins, and Mbakaou on the Djerem
River, controls flows in the other sub-basin. The combined storage, however, is insufficient to allow the
power dams to operate at full capacity in the dry season, and insufficient to control the flood flows. As a
consequence, both of the power stations bypass large flows during the rainy season.
Notwithstanding these capacity limitations, it is possible to envision two reoperation scenarios that
would result in no substantial net change in the timing of power generation or its reliability (which is
currently quite low). First, a decision would have to be made as to which of the sub-basins would
provide the largest flow restoration benefits to aquatic ecosystems, human livelihoods and food
productions systems. The character of the sub-basins is such that a trade-off would be entailed here. It
appears that the Noun/Mape sub-basin is much more densely populated, and most important for
livelihoods and food production. The economy of the area near Mape and Bamendjin depends on
fishing. Although reports suggest that stocks have been reduced due to the dam release pattern and
mismanagement of Mape, there was disagreement among the interlocutors as to whether the flow
regulation on the Noun/Mape system has resulted in reduced productivity.
The Djerem River below Mbakaou dam, on the other hand, is more valuable for ecosystem
functions. The reservoir at Mbakou is also an Important Bird Area. Mbakaou (slightly) controls flows
into the Mbam et Djerem National Park, which is a Ramsar site, important for several species of
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primates. How much the habitat of the protected species depends upon the river or particular flow
requirements has not been documented. In the opinion of Podie Luc, the flow regulation has not
impaired this wetland. Below this protected area, there are no other significant wetland areas because
the terrain is mountainous, and this part of the basin is not very populated. The river below the dam has
experienced invasions of non-native species (Nile Perch and Tilapia) which are predators that are
changing the native species composition. How much of this is attributable to flow regulation is difficult
to conclude as there are no good data on how flow alteration has affected the biohydrology of this
system. However, there is some indication that the loss of low flows is affecting some mammal
migrations. For both tributaries, assessing effects is difficult due to the lack of any baseline studies.
Whichever basin were chosen for flow restoration, its dams would be reoperated to release
additional flows during the peak runoff period to create a controlled annual flood event that would
reconnect the river(s) with their floodplains. Releases would be reduced during the dry season to
simulate natural low flow conditions. Essentially, the reservoir(s) would be held at the highest
continuous storage levels consistent with preventing catastrophic floods and the seasonal variable flows
would be passed through the reservoirs relatively unaltered. But, to maintain the existing flow pattern
from the confluence to the power plants downstream, the other tributary (which is not targeted for
environmental flows) would also need to be reoperated to counteract the changes in flows in the
targeted tributary. This means that the reservoir(s) in that sub-basin would be operated to store more
water during the rainy season and release more water during the dry season. In effect, the reservoirs
would be drained to dead storage by the end of the dry season and then refilled as much as possible
during the wet season. (It may be that this is already their current operational mode, in which event, the
reoperation scenario will not work). This means that the flow distortions in this compensatory sub-basin
will be even more pronounced than they are now. If that results in further impairment of river functions,
that is the price that would have to be paid to revitalize the other basin. This is why the tradeoffs are
rather stark for this reoperation scenario. On the other hand, the current distortions may have already
exacted such a substantial cost in terms of ecosystem functions and livelihoods that the additional
distortion would make little difference.
As noted, this scenario is probably academic for this particular river system because the storage is
too small relative to the runoff to justify reservoir reoperation. The power stations at Edea and
Songloulou routinely bypass wet season flows because of this lack of storage upstream. The director of
electricity for AES-SONOL estimates the quantity of bypass water at 7-11,000 cu meters. During the low
flow period, only some of the turbines are in operation, again due to inadequate storage.
Another complication is that the flows in the Djerem below Mbakaou will be regulated in the future
by the Lom Pangar dam, which is soon to be constructed on a major tributary despite some
environmental opposition. The World Bank has asked for additional studies of the effect of this dam on
the Deng Deng protected area and its primate habitat (gorillas and chimpanzees). The effects will be
largely from the construction of the dam—the roads, influx of workers, etc—than from the operations of
the dam. Designation of Deng Deng as a national park to protect the gorillas is being proposed by WSC
as mitigation for the Lom Pangar dam construction. Apparently the Government of Cameroon has
agreed to this proposal.
This dam will be for hydropower only and is larger than the existing hydropower dams in Cameroon.
It is planned to operate power on a fairly uniform schedule for a smelter. (There is also a plan for
another hydropower dam above Mbakaou for yet another smelter). The Inspector General stated that
Lom Pangar will only generate 12 MW of power, even though it will have 7,000 MCM of storage. This is
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due to the high cost of transmission lines. With Lom Pangar, the total storage in the Sanaga system will
increase from 20% to 40% of runoff. The operation of this dam will also create an interconnection
between the northern and southern electrical grids in Cameroon.

Lagdo
Lagdo dam, commissioned in 1982, is located in the northern area of Cameroon, on the Benue River,
the major tributary to the Niger. The dam operates for hydropower, irrigation and flood control, though
the operations give priority to hydropower generation, and water discharges are kept at a minimum to
maintain hydrological head. Yet, when heavy rainfall necessitates water releases, the river often
overflows its banks.
Lagdo is operating at very low capacity for power generation. Only one of its four (or five?) turbines
is currently operational, but there is a project planned, with World Bank funding, to upgrade the
generating capacity. The catchment upstream is savannah with high erosion rates due to losses of
vegetation to fire. In just the ten years of its operations, Lagdo has accumulated a huge amount of
sediment. While the dam height is about 50 meters, the remaining storage area is less than 30 meters.
As such, every year this dam is forced to bypass flows for flood control. Thus, for the other turbines to
become operational, it will be necessary to dredge the reservoir. The Ministry of Energy and Water
Resources is carrying out studies of improvements to dam operations, including dredging, with the
objective of rehabilitating use of all of the turbines and perhaps upgrading their efficiency and
retrofitting additional ones. The Ministry is currently seeking funding to undertake this rehabilitation
work.
However, the Director of Electricity for AES-SONOL presented the contrasting view that the power
output problem at Lagdo is not due to loss of storage but is due to reductions in inflows. Also, IUCN
proposed to undertake a survey of the effects of this dam under a cost sharing arrangement (1/3 IUCN
and 2/3 government of Cameroon), but the funding never materialized.
Before the dam's construction, the floodplain was largely a marshland that supported agriculture,
grazing and fishing, although the area was not densely populated and was used mostly by semi-nomadic
peoples. The dam reduced peak riverine discharges (measured at Yola, Nigeria) by 44 percent, from
3,330 to 1,870 cubic meters per second, leading to severe ecological and socio-economic changes
downstream of the dam.63 Siltation of the river bed and channel, frequent flooding events, and
reduction in flow have constrained irrigation, navigation and fishing activities which were formerly
undertaken along the river.
Opinions were that the riverine functions could be restored if a flood regime were reintroduced.
Since construction, settlement, grazing and fishing have increased in the downstream area. Large-scale
irrigation schemes near Lagdo have intensified human occupation of the floodplain, and deforestation
on hills surrounding the river intensifies the erosion problem. smaller vessels can navigate the Benue
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this far due to low flows and sand bars. The dam provides significant flood protection for the city, and
no floods are now experienced in the downstream floodplain. The river is incised as it passes by the city,
though, so if controlled floods were reintroduced, that would not present a flood risk to Garoua. There
is a proposal by a US company to site a bauxite smelter in the basin. It would exploit one of the largest
bauxite deposits in the world. The company intends to build a new hydropower dam to provide the
necessary power. The location relative to Lagdo was not known.
Another dam is being planned for a tributary of the Benue for power sales to Chad and Nigeria, but
its exact location could not be determined through the interviews conducted.
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APPENDIX H- NIGERIA FIELD CONSULTATIONS
Power Sector Overview
The organization responsible for electricity production and supply in Nigeria is the National Electric
Power Authority (NEPA), which has been renamed the Power Holding Company of Nigeria (PHCN) as
part of a privatization process. Nigeria has 5,900 MW of installed generating capacity; however, it's only
able to generate 1,600 MW because most facilities have been poorly maintained. The country's
electrical power l generation is considerably below demand, resulting in a power supply crisis in recent
years. Currently, only 40 percent of Nigerians have access to electricity, the majority of who are
concentrated in urban areas.
Nigeria plans to increase access to electricity throughout the country to 85% by 2010. This would call
for 16 new power plants, approximately 15,000km of transmission lines, as well as distribution
infrastructure. Around an additional 8,000 MW of hydro development is already planned. In addition to
hydropower, the country also has proven gas reserves. The power development plans are summarized
in the following statement:
An estimated $6-16 billion has been dumped into the Nigerian energy sector in the last
decade, with the goal of increasing the peak power output from 3,000 megawatts (MW) in 1999
to 10,000 MW by...now. Yet at the start of 2009, Nigeria's peak output is only 3,400 MW--14
percent of the 25,000 MW it's projected to need, and hardly an efficient return on the
multibillion-dollar investment.64
Nigeria is a member of the West African Power Pool (WAPP) and is expected to be one of the main
sources of hydro power for the WAPP. PHCN is planning a 330kV line from Lagos to Benin as part of a
larger West African interconnection project involving Niger, Benin and Togo and financed with a
US$15.6M credit from the AfDB.65

Kainji and Jebba
Kainji and Jebba dams are located on the lower Niger River. In 2006 the World Bank assessed the
environmental and social impacts of these dams. One of the recommendations for the next phase of
the Bank’s Niger Basin Water Resources Development and Ecosystems Management Project was to
pursue "modernization and enhancement of the existing infrastructure." More specifically the report
includes the following goals:
To develop a reservoir management plan, using short, mid and long terms forecasting based
on the hydrological data of the River Niger upstream and the meteorological forecasting. To be
proactive rather than reactive. The reservoir lamination capacity is sufficient to be in a position to
forecast floods downstream through a management of the flood spillway. The management
64
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should take into account the spillway capacity of the infrastructures downstream. The definition
of the management plan must integrate the infrastructures located downstream and enable the
optimization of the power production at the Kainji and Jebba plants.66
Interviews confirmed that the only dams with sufficient storage to be interesting for reoperation are
the Kainji-Jebba cascade. Kainji’s storage is about four times larger than Jebba, so its operations largely,
but not entirely, dictate the Jebba operations. There are substantial intervening tributaries that carry
large flows during peak runoff events.
All agreed that the 150 km reach below Jebba down to the large confluence with Kaduna tributary is
much more important for environmental services, food production and livelihoods than the intervening
reach, which is largely inaccessible. The field investigation did not permit time or resources for a site
investigation of the floodplain between Jebba and Kaduna to gain a better understanding of the current
land uses, settlement patterns, river functions, etc. Some commentators reported that the area was
important for recessional agriculture and grazing before the dams and fish production was also large.
Some agriculture and grazing still exists, but fishing is no longer permitted in some areas due to the
dredging operations. The overall effect on fish production has not been well studied. The fishery
experts consulted were confident that the environmental flow requirements could be determined.
Current land uses would not constrain a controlled flood regime. There are not many significant
towns along the river in this Jebba-Kaduna reach. These communities could be resettled further up the
floodplain if this could be done on terms that would improve their lives and livelihoods. Some of those
who use the floodplain now are migratory Fulani.
One interesting feature of the local economy is the increasing development of large sugar and rice
plantations that draw upon the river for irrigation water. The extent to which this economy has replaced
the more traditional food production and livelihoods that thrived before the dams were built is an
important question. If the local communities have now adapted to this new economy, and if this would
be adversely affected by reintroduction of more variable flows, that would make reservoir reoperation
unattractive from a benefit standpoint (as well as from the standpoint of imposing power reliability
penalties). Further on-site investigation would be necessary to resolve these issues. The locations and
volumes of the irrigations diversions were not determinable from these interviews.
Another potential development bearing on the restoration potential of the Niger River below Jebba
dam is Nigerian government’s plan for an inland water transportation system by dredging the Niger
River from the delta to Jebba. An ongoing contract has been let for the dredging, which is proceeding in
segments. This plan raises major cost-benefit issues, starting with the high cost of both undertaking and
then maintaining dredging operations over such a long river reach, the question of whether the value of
the commodities to be transported so far in land could warrant this expenditure, the likelihood that
more conventional alternatives (truck or rail transport is likely to be far less costly) and the high
environmental costs that such intensive alteration of the river and its sediment processes would entail.
In any event, if such a water transport system were created, it would require uniform releases from
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Jebba to make it operational. This would defeat any effort to reintroduce variable flows in the river. On
the other hand, this scheme seems so economically impractical, it may never eventuate.
Since impoundment in 1966, the peak discharges of the Niger at Jebba decreased from nearly 6,000
m /s to below 3,500 m3/s. At the same time low flows tripled in volume. Flow regulation resulted in
floodplain contraction and alteration of the channel geometry. It also induced lower runoff and
sediment yields as well as changes in water quality. Reduced flows desiccated about 3,000 km2 of
floodplains, and fish catch decreased significantly below the dam.
3

However, the flow problem below Jebba is not actually the lack of periodic floods—indeed, the
downstream communities frequently complain of damaging floods-- but rather that these events appear
to be uncontrolled and poorly managed for environmental performance and flood risk avoidance. These
high runoff events occur twice a year. The floods from late July through August and early September are
a result of high rainfall within the Nigerian portion of the Niger basin. During December, Kainji reservoir
receives high flows from monsoon events in the upper portions of the basin above Nigeria in Niger,
Burkina Faso, Mali and Senegal. These flows are regulated to a limited extent by multi-purpose dams
upstream, most notably the Kandaji in Niger. Many future dams are planned upstream of Nigeria. Most
will be multi-purpose, including substantial diversions for large irrigation schemes. In about one year in
every three or four, these flood pulses are so large as to require bypass releases at Jebba dam. These
uncontrolled flood releases, when combined with the large inflows from the several intervening
tributaries, have caused losses of some houses in the downstream communities. Jebba’s storage is
really too small to effectively contain these high inflows, causing the catastrophic floods in the reach
downstream of Jebba.
A reoperation plan that does not increase the current flood problem, but merely creates a more
controlled and non-destructive and regular flood event, is desirable. This may not require changes in
current land uses in the basin. Should that be needed however, current law would support such
changes, because the government has retained a “right of way” in the floodplain and has retained the
authority to require removal of structure built within it. One hypothetical reoperation scenario would
involve capturing the catastrophic floods and releasing the routine floods during the two peak flow
seasons. That may mean operating Jebba to lower storage as much as possible at the end of the dry
seasons and before the onset of the monsoons. It would also be desirable to reduce releases during the
dry seasons to assure that, for some period of time, the flows approximate the level that occurred
before the dams were built.
Whatever the operational changes at Jebba, these must be accommodated by the larger storage
and release patterns at Kainji. For instance, if Jebba is to reduce storage as much as possible before the
onset of the monsoons, Kainji must forebear from releasing water during that storage reduction phase.
And, during heavy local runoff events (August and September), Kainji must also forego releases as much
as possible to avoid overwhelming the flood retention capacity at Jebba. We want Jebba to release
controlled floods but not bypass releases at that time. During the December runoff events, perhaps the
main flood control functions will need to be performed by Kainji. Again, it will need to evacuate storage
space in anticipation of those events during October and November. The variables are sufficiently
complex that a mass balance planning model would need to be constructed. This would not be difficult
or expensive to do. It could also be used to evaluate climate change coping strategies for these two
reservoirs, a benefit that was considered to be very important by the IWRMC, as the hydrologic changes
are expected to be substantial.
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There are two points of view regarding the feasibility of such a reoptimization scenario. The power
company (Power Holding Company of Nigeria) believes that the dams do not have enough operational
flexibility to better control the flood pulses coming into the reservoirs and the uncontrolled intervening
tributaries, or to manage these floods for ecological or livelihood objectives downstream of Jebba.
PHCN points to the fact that Jebba dam has only 4-5 meters of effective storage, and only 3 meters of
flood retention capacity to capture the December flood events, due to the need to maintain the
reservoir levels high enough to keep a minimum head above the turbines to prevent damage to them.
Apparently, all of the outlets are at the same level in the dam. During flood releases, all 6 of the
turbines are used, and still a large quantity of water is released through the spillway. The maximum
volume that can be released through both the powerhouse and the spillway is 6,400 cubic meters per
second, but, of this, only 1,050 cubic meters per second can be released through the powerhouse. So
these dams have little operational flexibility. Ironically, flexibility to tailor environmental flow releases
while preventing damaging flooding would be enhanced by raising the dams to increase their storage.
Still, it appears that during the dry season, the dam is operated to maximize power output and maintain
reliability rather than to maximize flood protection.
The contrasting view is that the dams are operated to maximize power output during the times of
chronic deficits, which occur during the dry season, and that this objective compromises the flood
control function. Therefore, the dams are operated without sufficient flood reservation capacity to
better manage these large flow events or to tailor them for environmental benefits. There is no clear
operations model or plan for the Kainji or Jebba at this time that can resolve the different perspectives.
It appears that the way to resolve these contrasting views would be to construct an operations model
for the two dams and evaluate hypothetical scenarios for improved operations. The Integrated Water
Resources Management Commission strongly supports such a reoperation study and is willing to
formally request that this be done by a team that might include NHI and clearly must include PHCN.
In any event, any reoperation plan that exacerbates the chronic dry season power deficits would not
be acceptable to PHCN whose top priority is resolving the current power reliability problem. Peak
demand comes during the dry season (October - March) and is driven by air conditioning load. This is
also the period when hydropower production is most constrained by shortage of water storage in the
power reservoirs. At present, the PHCN is only able to meet 3,500 MW of peak power production
compared to the nameplate capacity of 7,500 MW for current power plants. Although no survey of
unmet demand has been conducted, PHCN officials estimated it at another 3500 MW. The current
supply issues create an imperative to at least not allow a reduction in current power reliability.
Notwithstanding these constraints, it would be interesting to see how far in the direction of more
variable flows the operations could be moved and how much dry season reliability penalty that might
entail. As to the latter, many commentators pointed to the fact that Nigeria is one of the world’s leading
producing of natural gas and that some 25% of that is now being flared. The government does plan to
begin capturing that flared gas for power production. Whether this situation allows the gas turbines to
be switched on and off to compensate for reliability deficits in the dry season was not resolved in these
interviews.
There is apparently large potential for upgrades of the powerhouses for both dams. Neither has
been upgraded since construction and their efficiency is low. Not all of the turbines are currently
operating and others do not operate at full capacity even during the high release period. All eight
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turbines at Kainji need to be rehabilitated, and the World Bank is considering upgrading three of these.
This project has been advertized for competitive bidding at this time.
Several projects are underway in the Niger Basin below the dams. A hydropower development area
commission has been created by the legislature, modeled on the Niger Delta River Commission, with the
objective of improving conditions for the communities downstream of the two dams. It is in the process
of determining areas for intervention. The World Bank has also launched a Niger River Basin Ecosystem
Development project. One component of this study is to rehabilitate both dams, including the spillways
and other structures such as retaining walls that have been undermined, and to replace the turbines.
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