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Introduction_________________________________________________

This project will investigate the technical feasibility of a technique for reoptimizing the operations of major multi-purpose hydropower dams to restore downstream livelihoods and ecosystems, while maintaining, and indeed enhancing, power generation output and reliability. The project will then demonstrate the efficacy of the resulting reoperation plan through experimental flow releases.  It is one of a suite of regional reoperation investigations to demonstrate a toolbox of techniques that can be widely applied to the current inventory of major dams and to the next generation of dams to make them more environmentally compatible.  Thus, this project has the dual objective of improving the environmental performance of the major infrastructure on the Lower Volta River and also of contributing to a global process of shared learning.  We expect this work to result in a transformation in how dams are sited, designed and operated at the global scale. 

Background_________________________________________________  

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.  Lake Volta is more than 50% larger than Southern Africa’s Lake Kariba. The seasonal rise and fall is 2- 6 meters and the area covered by the seasonal fluctuation is about 100,000 ha.  25 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 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 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.  This project seeks to reverse that damage, and, in doing so, illuminate techniques for improving the environmental performance of hydropower dams—existing and future—worldwide.

Aquatic ecosystems worldwide and floodplain livelihoods in developing countries are in a state of crisis.  By some credible estimates, 37% of freshwater-dependent species are on the brink of extinction or in serious decline.  Recessional agriculture, floodplain grazing, freshwater and estuarine fisheries, and the myriad of land uses dependent on groundwater recharge have suffered sharp reductions in the past several decades in Africa, Asia and parts of Latin America.  Overwhelmingly, these losses in environmental productivity are due to alterations of natural flows and fragmentation of rivers and their floodplains due to dams and water diversions.  Yet these water projects also provide important hydropower, water supply and flood control benefits and it is not realistic to expect that they will be dismantled.  Indeed, a new era of dam building is now underway, with particular emphasis on underserved areas of Western Africa.  The vast majority of these are being built primarily for hydropower production. 

Worldwide today, hydropower dams comprise 17.4% of existing single-purpose large dams and 18.7 % of multi-purpose dams.  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. 

Electricity demands in the service area for Akosombo have both daily and seasonal peaks and valleys, driven by the variability of domestic and industrial uses. The ECOWAS (Economic Community of West African States) Electricity Data Set #6, January 2003, shows Ghana's peak electricity demand being 1061MW (week #38) and its lowest peak demand 833MW (in week #5).  These 1999 demand numbers include expected average demand growth rates to 2020 of around 4.6%.  Peak daily demands tend to occur during normal working hours and during hot afternoons when air conditioners are turned on. Valleys occur during the later evenings and night time.  Seasonal peaks occur during the hottest time of the year when air conditioning loads peak. 

Modifying operations of hydropower facilities to improve environmental performance, in general, involves moving them, as much as possible, from peak power operations to run-of-the-river operations. To reduce daily fluctuations, this entails operating the hydro dam as a base load facility and deploying other generators, e.g. gas and oil turbines, to fill in the peak needs.  Thus, to reduce the seasonal distortions in natural flows, hydropower generators need to be reoperated to generate larger amounts of power during the rainfall periods and less during the dry periods.  As this pattern generally does not match the demand characteristics of the major urban areas that they feed, again, other generators will need to be switched on and off to make up the differences. 

The reoperation technique explored in this project—that of integrating power grids to enable large hydropower dams to be reoperated to make them compatible with the food production systems in the downstream river system--has large precedent value for the rest of Africa, and by example, for the rest of the world.  West Africa’s rivers today are relatively underdeveloped.  That is about to change. To meet its growing needs for electricity, West Africa is developing ambitious new plans for hydropower dams as well as thermal generators that will use its abundant natural gas and petroleum reserves.  Other regions of the world are similarly poised, particularly China, India, and Brazil.  The course of river development adopted by the ECOWAS nations may well influence the choices made in the rest of the world.

 Development of rivers for hydropower (as well as irrigation and flood control) has conventionally come at a high cost in terms of riverine livelihoods and ecosystems.  Nowhere is this more evident than in Africa where traditional food production systems are heavily dependent upon the annual replenishment of waters and nutrients to the floodplains, wetlands, estuaries and deltas, which provide substantially more sustenance today than do modern irrigations systems.  Hydropower projects that are operated to store water thereby disrupt the natural variability in the flows that sustain floodplain agriculture and grazing, fishery production, and replenish groundwater, riparian lands and beaches.  The Akosombo and Kpong dams and the effects on the downstream food production systems are a prime example.  The natural variability in flows sustains floodplain agriculture and grazing, fishery production, and replenishes groundwater, riparian lands and beaches.  In sum, the ecosystem processes and services of living rivers depend on their natural flows. Nowhere is this more evident than in Africa where these traditional riverine food production systems provide substantially more food security today than do modern irrigation systems.

Effects on Downstream Ecosystems and Human Livelihoods_________________

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.  That is the specific orientation of this project.

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 fully-functioning 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 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.

Effects on Public Health_______________________________________________

Altering the flow of a river can both create and eradicate ideal conditions for disease vectors, such as black flies, mosquitoes, and snails. The impoundment of Lake Volta and the regulation of flows downstream had both positive and negative effects on water-borne disease vectors in the Lower Volta Basin.  River blindness, for example, was “virtually eradicated” from the area around and south of Lake Volta because the Akosombo and Kpong dams impeded the flow of the river. The Simulium damnosum fly, which causes river blindness, thrives on highly oxygenated, fast flowing water. By 1999, it was reported that the simulium had been eliminated from the whole of the Volta Basin as a result of the flooding of the Kpong Rapids by the Kpong Dam. The prevalence of trypanosomiasis too reduced drastically because large areas of tsetse-infested forests were drowned. Since 1973, no new cases have been recorded around the Lake.  

On the negative side, the impoundment and flow regulation has led to an increase in cases of malaria and urinary schistosomiasis, as well as an appearance of intestinal schistosomiasis which was not present prior to dam development.  The calm waters of Lake Volta are the perfect condition for two species of snails that are intermediate hosts for urinary and intestinal schistosomiasis. By 1967, many cases of schistosomiasis haematobium (which invades the veins around the urinary tract) were documented in sections of the Lake in conjunction with an explosion of the bulnus rohfsi snail and an aquatic weed called ceratophyllum (Tsikata 2006).  The high populations of schistosomiasis vector snails are due to the high densities of submerged weeds.  The prevalence rates of schistosomiasis (bilharzias) among the lakeside population has risen steadily at specific spots of heavy population concentration to such an extent that in some of these settlements, the prevalence rates among children are between 80 and 90 percent”.

A Dam Reoperation Scenario:__________________________________________

In this project, we aim to assemble the necessary data, create the necessary analytical tools, and then use them to explore how Akosombo and Kpong dams could be reoperated to achieve the following simultaneous objectives:

· Restore downstream ecosystems and human livelihoods.  This would be accomplished by reoperating Akosombo more as a run-of-the-river facility that would pass the natural hydrograph through the dams and downstream to the mouth.  This would allow the dams to recreate some measure of the annual flood event to reconnect and replenish the floodplain (while continuing to prevent catastrophic flood events), re-establish sediment transport and deposition processes to replenish the beaches and improve stream channel morphology, protect and restore the wetland and mangrove systems at the estuary, re-establish the salinity regime to bring back the shell fishery, remove exotic weeds, blow out the sand bar at the mouth, replenish groundwater, and bring back the human livelihoods that depend upon a dynamic river system.  But this change in operations would also result in a change in the scheduling of hydropower production.  During high runoff periods, much more power would be produced than during the low inflow periods.  Thus, the mix of hydropower and thermal generation to meet total system demands would vary from season to season, although the annual contribution of each would not change appreciably.  Additional thermal capacity would be necessary for the low flow periods. 

· Continue to protect the downstream communities from the larger flood events that would jeopardize human settlements while accommodating seasonal inundation of farmlands.  This is entailed by the restoration of the natural flow patterns.  In effect, the floodplain storage would augment the reservoir in attenuating flood pulses, allowing the reservoir to be maintained at higher storage levels year around.  

· Increase the total electric power output of the dams, while altering the generating schedule.  This would be accomplished by keeping the reservoir as full as practicable without increasing the risk of major floods downstream, thereby maximizing the hydrologic head and thus increasing electricity output.  

· Increase the reliability of water supply for hydropower generation.  This would be accomplished by keeping the reservoirs full during the early years of an extended drought, thereby reducing the potential for power shortages in later years. 

To evaluate a range of operational scenarios to achieve these objectives, the project will create a computer simulation of the physical processes and infrastructure operations in the entire Volta River system, but at a higher level of resolution for the reservoir and the downstream river system.   The model, or suite of models, will simulate:

· rainfall and runoff over the range of historic hydrologic conditions

· dam operation and power generation

· the mix of power generators supplying the electrical grid at any given time

· diversions and depletion for agriculture and municipal water supply, 

· floodplain inundation,  

· estuarine processes, 

· channel, delta and beach morphology,

· groundwater-surface water interactions

Through consultations with stakeholders, we will then construct a range of water management scenarios that satisfy the objectives recited above.  

These scenarios will be evaluated and compared using the computer model to identify those that are hydrologically feasible and most robust in achieving the objectives.  Hydrologic feasibility means both physically achievable and mutually desirable from the vantage point of the stakeholders.  This is an optimization study, not a reallocation study.  We intend to identify the scenarios that increase the water service benefits for all interests.

To explore the potential for reoperating Akosombo/Kpong to reintroduce annual controlled flood events into the downstream river system, the project will need to explore the range of freedom in the scheduling of power generation at those facilities relative to the demand requirements of the integrated grid system and the supplies of power from other generators. To do that, we will need to construct a power system planning model for the grid system at its current state of integration with Nigeria, Benin, Burkina Faso, Cote d'Ivoire, Niger, Nigeria and Togo (West Africa Power Pool Zone A).  Indeed, Akosombo/Kpong represent such a large fraction of the power generation in the current grid system that the feasibility of reoperation may depend critically upon its integration into a more regionalized grid, as is currently being pursued under the auspices of ECOWAS.  

The model will need to account for both current power demands in the grid service area and forecasted future demands, realizing that current demands are not being met reliably.  Current demands vary diurnally and annually in the interconnected system into which Akosombo/Kpong feeds power and under the power sales.  Ghana is suffering a persistent power supply crisis as a result of low precipitation and consequent low storage levels at Lake Volta.  Moreover, future demands are dynamic.  VALCO has recently announced plans to go off the grid and shut down while it builds its own independent power plant.  Rural electrification is not yet complete in Ghana.  All of these dimensions of the power demand picture will be taken into account. 

The model will also need to account for current hydro and thermal generation connected to that grid, including plants now under construction, as well as future additions to electrical supplies, which are also dynamic.  Ghana’s existing thermal capacity is 550MW and its existing hydropower capacity is1072MW. There are plans for the construction of four new hydropower stations and,

with the employment of the West African Gas Pipeline there are plans for large generation expansions with combined cycle stations.

  Existing and proposed generation stations in Ghana
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The power systems of Togo, Benin, Ghana and la Cote 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. In Ghana, there are 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 Cote 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). 

The ECOWAS Regional Grid is Structured into Two Zones A and B 
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Essentially the project will utilize the planning model to explore:

· The constraints on the run-of-the-river scenario in terms of the ability of the thermal generators in the grid to substitute for reductions in power output from the dams during the dry season.

· The capacity implications for the thermal generators and the transmission system if Akosombo/Kpong reschedule their power output and the increase in capital costs for power generation that would be entailed.  (The reoperation scenario would not increase the fuel costs for the thermal generators if fuel prices did not differ between wet and dry seasons. To the extent that reoperation results in spillage, annual hydro power output would be reduced. That reduction could be partially or totally offset by the increases in water turbine productivity caused by increases in Akosombo reservoir heads.), .

· How plans for future thermal and hydropower additions affect the feasibility of reoperating Akosombo and Kpong and how those plans might be shaped to facilitate the reoperation of these dams for environmental improvements. 

· How the planned transmission system interconnections will affect the feasibility of reoperating Akosombo and Kpong, and how those plans can be shaped to facilitate the reoperation of these dams for environmental improvements.

· How the changes in the demand structure affect the feasibility of reoperation (e.g. the decision by VALCO to develop independent power).
Because reoperation of the dams may depend upon the prospective integration of the local grid into the ECOWAS regional grid, the project should draw upon the expertise of the Energy Center at Purdue University, which developed a power demand and supply optimization model for the West African Power Pool unit of ECOWAS working closely with the Ministry of Energy of Ghana and the Volta River Authority.  A simplified version of this model that will be extended to directly incorporate uncertainties regarding future demand, inflows and energy prices will be developed.  This model will optimize for “least cost” power production, but only taking into account the costs associated with building and operating power plants.  From that vantage point, the reoperation scenarios are sub-optimal in that they will increase the costs of power generation, but will produce large countervailing benefits, including improvements in human livelihoods and quality of life in the downstream communities, improved ecosystem processes, improved geomorphic processes, increased power output and reliability, and reduced flood risks.  The project now needs to extend the analysis to account for this fuller range of economic (and non- economic) benefits.  

The Advantages and Implications of Regional Planning as A Reoperation Technique

The plans of ECOWAS to connect the electrical grids of its member nations into an integrated regional electrical distribution network could provide the opportunity to reoperate the Akosombo and Kpong dams.
 The concept is rather straightforward.  The operational alternatives available for these dams, considered discretely, are highly constrained by the shape of the power demand curve of the service area that they currently serve. Since these dams constitute about two-thirds of the power generation for that grid, the degree of flexibility to alter the scheduling of power generation is very limited. Currently, Akosombo must store water during the wet season for release during the dry season, in effect converting a variable flow pattern into a uniform flow pattern, and depriving the downstream system of the annual flood events that make rivers dynamic and living systems.  Akosombo must also store water during the wetter years for use during the drier years, thereby distorting the natural year-to-year variability in flows that are also important for riverine processes.  

By contrast, if we adopt a regionalized planning perspective, the range of flexibility for Akosombo dam is greatly expanded, making it possible to coordinate the operations of several power dams in conjunction with thermal generators to reduce the distortions in river flows.  That is the benefit that an integrated regional grid can potentially provide.  Now, the array of power generators—both hydro and thermal—becomes much larger, allowing the Akosombo hydropower facility to operate in rhythm with the rainfall and runoff in the watershed, rather than in rhythm with the peak power demands in the grid.  Essentially, this mode of operating allows Akosombo to simply pass the natural hydrograph through the reservoir with minimum distortions, into the downstream environment.  To be sure, some flood control can and should continue to be accomplished, by attenuating the larger, more catastrophic flood events.  But the more modest annual floods can be released in a controlled and manner, fashioned to accomplish the ecosystem restoration goals that the project will establish. This is just what the downstream floodplain food production systems need to be restored.

Under an interconnected grid scenario, Akosombo would generate power continuously at its maximum capacity during the rainy season.  In order to emulate more natural flow patterns, it may be necessary to expand the dam outlet and turbine capacity at both dams to allow all water to be released through the generating plant at roughly the same rate as the flow into the reservoir.  To utilize all of the water passing through the reservoir to generate power, we would want to avoid releases through the spillway.  During this wet period, power generation at Akosombo and Kpong would substitute for output that would otherwise come from other (probably thermal) generators in the grid.  To counterbalance, Akosombo would reduce its releases and power output during the drier periods, again in synchronicity with the rate of inflow into the reservoir.  Other generators in the grid (probably thermal plants) would make up the difference.  

The annual output from all these generators would remain the same (or greater), but the scheduling would be changed, provided that all of the water released from Akosombo was conducted through the turbines, rather than the flood control spillway. The amount and costs of the fuel for the thermal generators also would not change.  This scenario, however may require additional generating and transmission capacity at the dams, and will also require additional thermal capacity in the system.  This will entail increased capital costs compared to the current operating mode.  The extent to which these costs would be offset by the benefits of the reoperation of Akosombo and Kpong is a key part of the feasibility investigation that the project will be conducting.  These benefits are likely to be substantial.  In addition to the improvements in food production and ecological processes, the project will examine the extent to which reoperation may also improve power supply  and reliability (due to the increased storage levels and hydraulic head), improve water supply reliability through groundwater replenishment, reduce flood risks, stop the beach erosion, and buffer the effects of climate change. 

Evaluating the Value of the Reoperation Scenarios as Adaptive Strategies for the Effects of Climate Change
As in most regions, global climate change is likely to manifest its most profound effects in Africa at the interface between the lands and the waters—both freshwater and sea water—but even more so.  The one prediction that climatologists make with confidence is that climate change will cause weather patterns, and hence, precipitation patterns, to become more extreme.  Hydrologically, that means that the droughts will be more severe and last longer.  It also means that the flood events will be more severe and last longer.  That is bad news for Africa, the continent that is already most ravaged by droughts and floods, with often devastating consequences for the food production systems that are here, particularly, so intimately connected to natural river functions.  Far more food is produced in Africa from floodplain agriculture and grazing, freshwater fisheries, and small scale irrigation dependent upon groundwater recharge than from the commodity irrigation schemes or aquaculture.

It does not take predictive models to know that climate change adaptations are vital to avert human catastrophe on a massive scale in Africa.  Therefore, it will be important to know how the reoperation scenarios for environmental restoration will perform in a future of more intense droughts and floods in the Volta River system.  Stated another way, we want to know whether these scenarios also provide climate adaptation benefits. 

We do not need to know precisely how climate change will affect the hydrology of the basin to perform this analysis.  To evaluate the reoperation scenarios, the conventional approach is to replay the historic runoff patterns to see how the system would have functioned had the reoperation scenarios been in place during the period of record.  After we have run this analysis, we will then run additional cases to see what the results would be assuming that the dry periods are X % more severe and last Y % longer, and assuming that the flood events are X % more severe and last Y % longer.  This will allow us to see whether the objectives of the dam are better served under climate change scenarios with the reoperation scenarios or not.

Almost surely, this analysis will show that the scenarios do perform better than current operations.   This is because climate change will require greater capacity to store and channel water in the Volta river system. That is to say, there will be more storage to carry water over from times of relative abundance to times of relative scarcity for both water supply and power generation, and more storage to capture and attenuate large runoff events.  New dams have severe drawbacks in terms of their adverse effects on aquatic ecosystems and floodplain livelihoods in Africa.  Moreover, they are very expensive and take a long time to build—often decades.  Therefore, making better use of existing dams to buffer the effects of droughts and floods is highly desirable.  

We hypothesize (and this project will test whether) Akosombo dam can do a better job of managing larger floods by utilizing the capacity of downstream floodplain to accommodate (store and attenuate) controlled flood flows, provided that floodplain land uses are adapted to this purpose.  We also hypothesize that our reoperation concept will allow Lake Volta to be maintained at higher average storage levels, which will assure a larger water supply going into a period of reduced runoff (a drought sequence).

Remanaging land uses in floodplains to accommodate controlled flood events effectively utilizes the natural storage capacity of the floodplain in combination with the upstream reservoir to reduce the risks of catastrophic flooding, while also reconnecting the river to its floodplain, which is vital to both ecosystem processes and floodplain flood production and human livelihoods.  To state the concept more precisely, changing land uses in the floodplain allows it to accommodate higher rates of releases of water from the reservoir when that becomes necessary to create flood retention capacity.  That in turn allows the reservoir storage levels to be maintained at a higher level than would otherwise be safe and prudent.  This reoperation concept has many benefits.  Higher storage levels mean both more water supply and more reliable water supply in the face of global warming.  It also increases the average hydraulic head in the reservoir, thereby increasing power production.  It also reduces downstream flood risks.  And it also substantially improves floodplain environments and their productivity.

Thus, an explicit objective of this reoperation technical investigation is to demonstrate the efficacy of run-of-the-river hydropower operations as a climate change adaptive strategy, for potential application at the global scale.

Generating and Evaluating Flow Restoration Scenarios___________________

Another critical analytic pathway is the characterization of the constraints on operations of Akosombo/Kpong, and the extent to which these can be surmounted.  These include:

· Ascertaining the physical and economic limitations on the ability of Akosombo and Kpong dams to release water and generate power.  Specifically, we need to ascertain the feasibility of retrofitting the dam with additional turbines to permit larger releases of water during the times when a controlled flood is desired.

· Quantifying the magnitude of the controlled flood events that can be released from Akosombo and through Kpong to the estuary.  The constraint will be the physical structures and land uses that cannot be moved, flood-proofed (e.g., ring levees) or periodically inundated (e.g., agricultural lands).  An early task in the project will be selecting the methods to use for this purpose, including consideration of aerial and satellite imagery.  We will start the early phase of this investigation with coarse information and then utilize higher resolution flood plain mapping at a later stage.

· Estimating the size of pulses needed to create the hydraulics that will mobilize sediments downstream of the Kpong dam so that downstream geomorphic processes can be re-established, including beach accretion.  We shall need to ascertain how much of this sediment dynamic was historically dependent on inflows above the reservoir?

· Ascertaining the flood reservation requirements in Lake Volta to prevent the occurrence of catastrophic flood events downstream.  The reoperation objective is to routinely release controlled floods that are now constricted, but to prevent floods that will damage property or endanger lives. That will be accomplished by changes in land uses in the floodplain to accommodate these larger flow events.  That should allow Lake Volta to retain higher storage levels than it does under current operations, and thereby increase power output.  The challenge is to figure out how much additional storage it can maintain without creating risks of floods larger than the targeted controlled floods (bearing in mind, however, that, axiomatically, there is always some probability of a flood larger than design).  The reservoir operations model should allow us to ascertain this storage level.  

Those scenarios that are judged to be hydrologically feasible will then be subjected to an economic feasibility analysis.  We will first determine whether the benefits outweigh the costs, making due allowance for the fact that many environmental and social benefits cannot be measured in strictly economic terms.  For those scenarios that appear to be most worthwhile, we will evaluate the changes in the economic incentive structure that would be necessary to induce the water users, dam operators, power managers, etc. to alter their behaviors such that the hydrologically feasible alternatives would be implemented.  

For those scenarios that are most economically attractive, we will finally conduct a legal, political and institutional feasibility analysis.  The requisite changes in incentives may require changes in both private and public investments, in legal and regulatory requirements and in institutional behaviors.   Some of these changes may be politically feasible to accomplish and some may not.  

The final result will be a scenario or set of scenarios that are hydrologically, economically, legally and politically feasible and desirable.  These are the optimal and implementable operating rules for the Akosombo and Kpong dams that can put the lower Volta River system on a sustainable course for the future. 

Scope of Work for Feasibility Investigation_____________________________
Task 1:
Defining Restoration Flow Targets to Restore Ecological Functions and Livelihoods

This task entails specifying the downstream flow targets that the project will aim to re-establish through dam reoperations.  These targets will span a range of hydrographs representing the interannual variability in flows that occurred under natural conditions and reflecting the inherent uncertainties associated with relating flow patterns to ecological responses and reflecting the range of community preferences as to floodplain livelihoods and land uses.  In the first instance, the project will specify flow objectives to restore the functions and processes and environmental benefits that are desired.  Task 2 will then evaluate a range of reoperation scenarios to attempt to achieve these goals.  To the extent that the operational constraints prevent full realization of the targets, choices may have to be made among restoration objectives.  Therefore, it is important to know what benefits are associated with what parts of the idealized hydrograph, so we can be clear as to which amenities it will be practical to restore and which may not be.  

In this task, an adaptive management program will also be designed to monitor the results of experimental environmental flow releases against the restoration objective that they are expected to achieve.  
The project will utilize two standard and complementary methods to define the environmental flow targets:

1. The “bottom up” approach:  The biohydrologic and human ecology objectives will be specified through consultation and interaction with the downstream communities and aquatic ecologists.  These objectives may include, for instance, restoration of the shell fishery, the fin fishery, floodplain agriculture, geomorphic processes to shape the channel, connect the river to the estuary, flush sediments from the channel and restore beach morphology, groundwater replenishment, etc.  The project will then marshal the best empirical data from this and reference watersheds to relate these objectives to flow patterns and hydrodynamic conditions, or, more realistically, to ranges thereof.

2. The “top down approach: The unimpaired hydrographs, representing the range of hydrologic variability in this system—seasonally and inter-annually-- will be specified from river gauge and reservoir inflow data.  Perturbations expected from climate change will also be factored in.  These hydrographs will then be broken down into their key components, using either an IHA or DRIFT methodology.  Components such as flood flows that could cause catastrophic damage in the floodplain or impinge upon settlements or land uses to an unacceptable degree will then be eliminated from the hydrograph.  The remaining flow patterns—varied to reflect annual differences in hydrologic conditions—will then be used as the target for reoperation flows.  The underlying assumption is that flows as near as possible to the natural pattern will support the broadest array of ecological processes and environmental services.

The hydrographs from the two methods will then be superimposed and synthetically reconciled on the basis of the best professional judgment of the Task Team.  

For the first method, the involvement of the downstream communities will be essential to assure that the river is restored to meet their preferences and needs.   The traditional leaders—Chiefs and Elders—will be asked to play a key role in organizing the community involvement.  We will also call upon the academic researchers and experts in the “human ecology” of the Lower Volta River from the Volta Basin Research Project at the University of Ghana.

Key analytical tools that will be needed for this task are digital elevation models that can relate degrees of floodplain inundation to releases at the dam(s) and hydraulic/sediment process models that can indicate the magnitude of flow releases needed to mobilize and transport sediments below the dam(s).
Task 2:
Constructing and Evaluating Various Operational Scenarios to Achieve the Target Flows

In this Task, the project will construct an operations optimization model to allow us to evaluate various scenarios for operating the dams to achieve the restoration flow targets (or see how far we can go without significant reduction in the achievement of the other operational objectives for the dams, i.e. power generation, flood control, lake navigation, lake fisheries and a modest amount of irrigation.  As the Volta River Authority prefers, the project will construct a new operations optimization model rather than utilizing the VRA operations model.

This will be an optimization analysis.  The aim is to add environmental performance to the existing objectives, not instead of the existing objectives.  Thus, we need a model that accounts for all of the objectives and can test the results of various reoperation scenarios over the range of hydrologic conditions that the Volta River has experienced historically (and can expect to experience in the future), also factoring in the probable consequences of global climate change.  For that aspect, the modeling will assume that the hydrologic extremes will become more extreme.   Thus, we will assume that the dry periods will be more severe and last longer and the wet periods will also be more severe and last longer.

The planning  model will simulate all of the relevant physical processes in the river system, including rainfall and runoff, flows, impoundments and releases, diversions, evaporative losses, transpiration and groundwater/surface water interactions, flood routing and fluvial geomorphologic processes.  Because of prospective river basin development upstream of Lake Volta (e.g., Bui 400MW, Juale 87MW, Pwalugu 48MW, Hemang 93MW and irrigation projects in Burkina Faso), the project will construct a system-wide, or “whole basin” model.  However, the resolution of the model will be considerably more detailed from the reservoir downstream (including the tributaries below the dams), than above the reservoir. 

The key operational constraints on achieving the target restoration flows will include:

· Maintaining current levels of power output on an annual basis.  The model will also explore the potential for improving both the gross output and the interannual reliability of power under the reoperation scenarios.

· Preventing catastrophic floods under various assumptions about changing land uses and physical structures in the floodplain to accommodate annual flood events that resemble the pre-dam inundation patterns. The constraint will be the physical structures and land uses that cannot be moved, flood-proofed (e.g. ring levees) or periodically inundated (e.g. agricultural lands).  The reoperation objective is to routinely release controlled floods that are now constricted, but to prevent floods that will damage property or endanger lives. That will be accomplished by changes in land uses in the floodplain to accommodate these larger flow events.  That should allow Lake Volta to retain higher storage levels than it does under current operations, and thereby increase power output.  The challenge is to figure out how much additional storage it can maintain without creating risks of floods larger than the targeted controlled floods (bearing in mind, however, that, axiomatically, there is always some probability of a flood larger than design).  The reservoir operations model should allow us to ascertain this storage level.

· Maintaining current levels of irrigation water supply (for less than 100 ha of irrigation)

· Maintaining the current lake and river navigation

· The practical limits (engineering and economic feasibility) in expanding the capacity of the penstocks and turbines at the two dams to allow increased volumes of water to be released through the power plants Specifically, we need to know the feasibility (physically and economically) to retrofit the dam with additional turbines to permit larger releases of water during the times when a controlled flood is desired.

· Limitations on the availability of sediments that can be mobilized through hydraulic pulses.  The project will estimate the size of pulses needed to create the hydraulics that will mobilize sediments downstream of the Kpong dam so that downstream geomorphic processes can be re-established, including beach accretion.  We shall need to ascertain how much of this sediment dynamic was historically dependent on inflows above the reservoir?

The project will need a suite of linked models and a sequence of such models.  It will be most efficient to evaluate scenarios at a coarse level initially for screening purposes, and then pursue more detailed and refined analysis of the most promising and robust scenarios using more sophisticated models.  The types of models that will be needed include:

· A basin mass-balance water resources management model to allow “what if” gaming of scenarios

· An operational optimization model that will include all of the current operational objectives plus achievement of the environmental flow releases

· A flood routing (DEM or hydrodynamic) model that will show how various magnitudes of releases interact with the floodplain 

· Rainfall-runoff (hydrologic) models to estimate the inflows into the system (because the river gauge data are probably not adequate for this purpose)

· A hydraulic sediment process model

· Perhaps a surface water/groundwater interaction model

· Hydrobiological process model(s) (if there are sufficient data to construct such a model)

The selection of the suite of models will require an intensive process by the modeling experts in the project, including the VRA (Richmond Evans-Appiah), the Ministry of Water Resources, the Water Resources Commission, Nii Boi Ayibotele (Ghanian consulting hydrologist), and the Natural Heritage Institute(Pete Loucks). 

Task 3:
Construct a Model of the Power Generation and Distribution System (Grid) to Evaluate the Feasibility and Costs of Scenarios for Changing the Scheduling of Power Output from Akosombo and Kpong

In this Task, the project will analyze the costs of altering the scheduling of power generation at Akosombo/Kpong complex so that outflows more closely mirror inflows as called for in Task 2’s target flow analysis relative to a least cost operation schedule.  The analysis will account for demand requirements and the totality of power generators including thermal units as well as the hydro units that feed into the electrical grid in Ghana and its interconnections into Nigeria, Togo, Benin, Cote D’Ivoire and Burkina Faso.  The model will focus the analysis on a representative year sufficiently far in the future as to allow any feasible modifications to the generation system infrastructure, including the addition of more penstocks and turbines (if possible) as well as construction of additional thermal generators and transmission lines.  Variability of seasonal inflows will be made explicit in the model, and the operational strategies, including purchases and sales of electricity to neighboring countries, and purchases of natural gas to fire the thermal units will be conditional on the realization of current inflows and probabilistic knowledge of the likelihoods of future inflows.  The goal of the model will be to minimize costs the sum of the annualized costs of investment in infrastructure modifications plus operating costs.  The ROR operational goals will be achieved by the implementation of constraints that restrict the deviations of dam releases from reservoir inflows.  For full ROR operation, these deviations are restricted to equal zero.  However, it is also possible to allow these deviations to be positive but small.  The advantage of this approach is that it allows the assessment of a range of operational strategies from least cost to full ROR.  Thus, this strategy allows us to identify situations such as the following.  If it appears that operating a full ROR strategy except in extreme flood years can be achieved at much lower cost than strict ROR, such a strategy may be viewed as an advantageous relaxation of ROR.  A model that embodies many of the features of the proposed system has been formulated by the Energy Center at Purdue University, which is a partner in this project.  This model is referred to as the prototype dam reoperation model (PDRM).  Adapting this model to the needs of this project will also require the collaboration of the Ministry of Energy of Ghana and the Volta River Authority. 

The project modeling team will adapt the PDRM to reflect shorter model time periods within the seasons of a representative year and to include water balance equations for each period utilizing data provided by theVRA. VRA will also provide information regarding the physical details of the reservoir system. Such information would include working reservoir capacity volume with the flood gates open and closed, relation between volume and head, relation between head and turbine productivity, and information on possible reservoir retrofits- additional penstocks, generators, and flood tunnels. Additional information will be needed regarding the characteristics and costs of any planned additions to the thermal generation and transmission system. To the extent possible, VRA would also provide information on present and projected contractual arrangements regarding gas purchases from the pipeline, and contractual arrangements regarding the purchase and sale of electricity with Ghana’s ECOWAS neighbors. Information is also sought on any peak and energy demand forecasts for Ghana, and any information regarding the amount and user cost of distributed generation in Ghana.  
The project modeling team will use the PDRM to analyze the dam operations scenarios that emerge from Task 2 (optimized operations to achieve the environmental restoration hydrograph(s) defined in Task 1). While the details of how the release scenarios developed in task 2 above will be incorporated into the representative year analysis will have to be worked out as the project proceeds, at a minimum these scenaros will be provided to the modeling team in the form of the target restoration  release  flows per period for the representative year  required to achieve the scenario objectives. Representative year reservoir inflow scenarios to be used to determine the electricity cost minimizing operation of the dam complex will also be provided.    For each such scenario, we will

i) Calculate the minimal incremental cost of the target release scenario, and describe the investment and operational strategies necessary to achieve this minimal cost.   

ii) In parallel, evaluate the degree to which “backing off” of the target release scenario operation will reduce the incremental cost.
As Ghana has significant existing hydropower (Akosombo 912MW and Kpong160 MW) and proposed hydropower (Bui 400MW, Juale 87MW, Pwalugu 48MW, Hemang 93MW) stations as well as 550MW of existing thermal power and expected imports of natural gas from Nigeria (West African Gas Pipeline), this work may provide the added benefit of serving as a demonstration model of how moving toward ROR operations can be achieved at reasonable cost.

The power optimization model will also explore the following additional objectives:

1) Reliability of electricity supplies in Ghana under the reoperation scenarios will be assessed. Current demands are not being met.  Ghana is suffering a persistent power supply crisis as a result of low precipitation and consequent low storage levels at Lake Volta.

2) The robustness of the system to demand additions will be assessed.  Demands for power in Ghana are dynamic.  Completing rural electrification in Ghana will add power demand.  On the other hand, VALCO has recently announced plans to go off the grid and shut down while it builds its own independent power plant.  Sensitivity analysis will be used to determine the impact of demand changes on the optimal infrastructure investments and the ability of the system to achieve the reoperation goals.
Task 4:
Evaluating the Operationally Feasible Scenarios for Economic Feasibility

In this Task, we will consider the data and methods needed to determine the socially and 

economically optimal reoperation scenario for the dams, taking into account all of the costs and benefits, including those benefits not readily reduced to monetary values, such as improved quality of life, ecosystem benefits, aesthetic amenities, and improvements in human health.  This task will 

also track the distribution of costs and benefits among stakeholders.  Notably, revenues to VRA 

(and tax revenues to the public treasury) are not likely to be affected by dam reoperation, as current power rates do not vary according to the time value of generation (i.e. peak and base load generation produce the same revenues).  Thus, rescheduling of power is likely to be revenue neutral.  

The project will construct a cost-benefit model that will include the following factors:

· Effects on power supply reliability.  Here, the project will establish as a baseline the current degree and characteristics of power reliability.  We note in this regard that the degree of reliability is relatively low due to the dominance of hydropower facilities that depend upon an inherently and widely variable hydrology. 

· The costs associated with a robust program of monitoring the effects of experimental environmental flow releases against expectations (working biohydrologic hypotheses), evaluating these effects, and determining further operational refinements.

· Compensation for changes in land use, flood proofing of structures, and resettlement of floodplain dwellers

· Intangible “quality of life” benefits associated with attracting back to the downstream communities the migrants who have left over the past several decades.

· Health benefits (and detriments) must be included in the economic analysis, even though some of these may be difficult to quantify monetarily.

· Risks and uncertainties associated with new flow regimes will need to be acknowledged explicitly.

· The extent to which reoperation scenarios either mitigate or exacerbate the (power, water supply and ecological) risks associated with global climate change also must be dealt with explicitly and quantified to the extent possible. 

· The capital costs of additional turbine and penstock capacity at Akosombo, additional transmission capacity from the dams and increased thermal generating capacity, associated with rescheduling power outputs from the dams.  (Operating costs for fuel, maintenance, etc., are not likely to increase.) These capital costs can be represented in current values by reference to the cost of capital (interest rates).  However, the cost-benefit ratio may depend critically upon assumptions as to whether the interest rates are commercial or concessionary.  That will depend upon the type of lending institution assumed.

· Distributional impacts of costs and benefits will also be taken into account.  For instance, the benefits of improvements fluvial geomorphology are likely to accrue to the beaches of Togo and Benin as well as Ghana.  It may also prove to be the case that the price of improved livelihoods for the downstream residents will be paid in part in the form of (slightly?) higher power rates for other customers.

Task 5:
Estimating the Effects of Reoperation of Akosombo and Kpong Dams on Public Health

In this activity, the partnership will predict and evaluate the extent to which certain modifications to dam operations might affect the transmission dynamics of specific major water-associated vector-borne diseases.  Initially, for residents of the communities downstream of the dams, we shall acquire and evaluate pre-existing epidemiological data from which we may estimate the local incidence and prevalence rates and other measures of local transmission risks for malaria (transmitted by Anopheles mosquitoes) and schistosomiasis (acquired by direct contact with water bearing infected snails).  In parallel, we shall evaluate: available physical data that detail the local topography, soil porosity, seasonal rainfall and temperature patterns, impoundment levels and downstream flow from the dam; demographic data, maps and satellite imagery that depict the spatial distribution of human settlements proximal to the river.  Next, we shall utilize hydrograph data and models that will be developed in this project to evaluate diverse dam re-operation scenarios predict the extent to which each flow fluctuation strategy might affect the productivity of the impoundment and outflow areas for the selected vectors and parasites. 

Because of the projected costs, labor and time requirements to prospectively document health, ecological and vector-borne disease data, our efforts will largely be based on designing and evaluating conceptual models populated with available retrospective health and physical data.  The lower Volta River system has been particularly well studied with respect to the insect and snail vectors associated with the impoundments.  Health and physical parameters associated with several dam discharges throughout the region have been carefully measured and monitored as part of the decades-long Onchocerciasis Control Programme, as well as by the Volta Basin Research Project that is based at the University of Ghana.   Whenever possible, we shall strive to utilize population data from the communities most closely associated with the impoundments and their outflows.  

Re-operation schemes designed to maximize impacts on vectors and vector-borne infections would likely cause unacceptable perturbations to the power output of the dam or flow characteristics of the river.  Thus, the goal will be to optimize and stratify operation strategies that would be predicted to markedly burden vector populations whilst preserving hydropower output as well as the ecological integrity of the river.

Task 6:
Demonstrating and Documenting Experimental Reoperations

Tasks 1 – 5 will result in the formulation of an Akosombo and Kpong Dam reoperation experiment by the Volta River Authority, the Ministry of Water Resources, Works and Housing and the Ministry of Energy, with the advice and assistance of the other project partners.  The reoperation experiments will be designed to test the assumptions and findings emanating from these tasks, including:

· The ecological and geomorphic responses to the experimental flow pattern 

· The performance of the reoperation scenario with respect to the environmental flow, power generation and flood management objectives

· The ability of the integrated grid to adapt to the change in scheduling of power outputs at the dams
· The costs and benefits of the experiment

To the extent necessary, the reoperation experiments will be carried out in coordination and cooperation with the West Africa Power Pool of ECOWAS and the relevant ministries of the other Zone A regional power pool countries (Nigeria, Togo, Benin, Cote D’Ivoire and Burkina Faso).  The degree of coordination will depend on the extent to which changes in power generation from facilities in these countries will be necessary to accommodate the dam reoperations.  Over time, as the benefits of system-wide, coordinated reoperations of power generators becomes apparent , the capital improvements necessary to fully realize the reoperation potential will become justified.  This may include expansions in the capacity of turbines at the Akosombo and Kpong dams, in the thermal generating capacity in the grid, and in transmission capacity, as necessary.  As the benefits of the dam reoperation will accrue primarily to Ghana (in the form of improvements in the productivity of the river, and improvements in power supplies and reliability and reduction in flood hazards) and to Togo and Benin (the latter in terms of reduction or elimination in beach erosion and greater fecundity in the near shore fishery), some redistribution of benefits to the other regional grid nations may be required in the form of financial compensation for these capital costs. 
The results of the experiment with respect to these factors will then be monitored and evaluated and adjustments in the operations will be made iteratively over several operational cycles and years to achieve optimal results.  When the technically and economically optimal operational alternative becomes apparent, a permanent operational regime will be established. 

The results will be factored into the global scope of this process of structured learning on dam reoperation tools and techniques--which is the ultimate product of this project--through a series of workshops, briefings and publications, together with the other regional components. 

Task 7:
The Global Learning Program

The key partners in this project will participate with the project teams in the other regional components to develop a knowledge base on dam reoperation tools and techniques that can lead to a global transformation in the siting, design and operations of power, water supply and flood control dams to make them more environmentally compatible.  
This project will contribute learning on the efficacy of regional grid integration to enable rescheduling of the operations of major hydropower dams.  Other regional components will demonstrate the efficacy of groundwater banking in conjunction with reservoir reoperation in irrigation water supply systems.  Yet others will demonstrate the efficacy of utilizing floodplain storage in conjunction with reservoirs to reduce flood risks and restore aquatic habitats.  

The knowledge sharing and dissemination will take place through a process of structured workshops; high level briefings to the development assistance agencies, dam operators, national governments, non-governmental organizations and the academic community.  The project will produce a major publication and video animation documenting the exploratory investigations and the project results.  This will include a handbook on rapid assessment techniques to ascertain the best dams for successful reoperation, the analytic tools best employed to develop the reoperation plan, and a description of broadly replicable reoperation techniques.  
� Gordon, Chris and Julius K. Amatekpor, eds. “The Sustainable Integrated Development of the Volta Basin in Ghana.”  Volta Basin Research Project, University of Ghana, Legon, Accra, 1999.





� Total electricity generation for the Volta basin in 2001 was 14.1 billion kilowatt-hours of electricity (bKWh), with Ghana (8.8 bKWh) and Cote d'Ivoire (4.6 bKWh) being the largest generators. Benin, Burkina Faso and Togo generated 0.2743 bKWh, 0.279 bKWh and 0.101 bKWh of electricity respectively. Cote d’Ivoire exported 1.3 bKWh to neighboring countries and Ghana also exported 0.300 bKWh. Total imports in the basin amounted to 1.8 bKWh basically by Benin, Ghana and Togo. Ghana accounted for 51 percent of these imports, Benin 20 percent and Togo 29 percent. Ghana’s demand for electricity is higher than local supplies which makes Ghana a net importer of electricity. Thermal plants dominate the basin’s electricity generating facilities with some hydropower plants.


� Under funding from the New Economic Partnership for African Development, the African Development Bank, the World Bank and the Agence Française de Développement, ECOWAS is currently engaged in planning for the integration of the mostly national electrical grids into a regional distribution system, the West African Power Pool (WAPP).  This setting is also interesting because hydropower comprises a large share-- 42%--of total power generation capacity, coming from a small number of relatively large hydropower dams, with the remainder in this petroleum-rich area coming from gas and oil turbines.  There are almost no large central station coal or nuclear generators operating in Western Africa.  It is also interesting because it is an area slated for intensive development of new hydropower facilities.
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