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Background:
By the year 2002, there were 49,697 dams higher than 15 meters or with storage capacities larger than 100 million cubic meters in the World. Two thirds of these dams are in developing countries. The country that has the most dams in the world is China, which has built 25,000 dams higher than 15 meters. Almost all of them were built since the establishment of the People’s Republic in 1949.  Most of these were built for irrigation and many were built for multiple purposes, including flood control and hydropower. China has a total irrigated area of 55 million ha, accounting for 44.8% of the country’s farmland. China has built more hydropower resources than any other country (92,170 MW as of 2003), yet this accounts for only 24% of developable resources and 14.8% of total power generation in the country. China plans to double its installed hydropower capacity within the next decade and to ultimately attain 230,000 MW of capacity.

The water supply, hydropower and flood control benefits for which these projects were built have been dramatic.  Because most of these projects were not optimally designed for environmental performance, however, they have also exacted pervasive damage to freshwater, riparian, and estuarine ecosystems that support the local communities that depend on rivers and their floodplains for their nutrition and livelihoods. These uses of river systems for fishing, recessional agriculture, grazing, fuelwood and fiber, and the land uses that depend on natural recharge of the groundwater systems are vital to the economic and social well being of China’s rural communities, as they are in Africa and Latin America. 

Riverine ecosystems and the species they support are shaped by and dependent on the timing, magnitude, duration, and frequency of flow variability and sediment processes.  Excessive changes in any one of these four variables can lead to the collapse of entire fisheries and ecosystems in the downstream river basin.  In most cases, dynamic riverine systems are transformed by dams into static water delivery channels, reducing the diversity of habitat and species.  Regulation of flows and sediments deprives riparian forests, wetlands, deltas and estuaries of periodic inundations, effectively disconnecting the river from its productive floodplain habitats.  Seasonal inflows of freshwater and nutrients into the ocean are diminished, disrupting the estuarine hydrodynamics that are the engine for the exceptional biological fertility at the freshwater/salt water interface: native fisheries suffer in the face of exotic invaders, seasonal natural and cultivated food sources are lost, pastoral use of the floodplain becomes impossible, game species are displaced, groundwater levels decline, and recreational and aesthetic values of a living river basin disappear.

Together with anthropogenic contaminants, the disruption of flow variability and sediment processes and the disconnection of riverine and floodplain habitats by water storage and diversion projects are the primary reasons that aquatic species are in sharp decline worldwide.  Yet, a substantial measure of this damage can often be reversed by modifying the operations of these facilities in ways that do not significantly reduce—and can sometimes even enhance—their irrigation, power generation, and flood control benefits.  Indeed, the enhanced water supply benefits can sometimes defray the costs of facility modification.  

As the nation that has built the earliest, largest and most water projects in the world, and as the nation with the most ambitious future dam construction program, it is truly the premiere hydraulic society of the world. Recently, the Chinese Government declared its intention to “build a resources-conserving and environmentally friendly society”. Through this project it is now poised to demonstrate one dimension of that plan, and also to become a global laboratory and showcase for a new era in water project design and operations as it implements national policies to restore the “healthy life of rivers” in “harmony between man and nature.”  
How This Project Advances China’s Progressive Policies to Improve the Environmental Performance of Dams
As one of the most active water resource developers in the world, China now is taking steps to protect ecosystems and promote the harmonious co-existence of man and nature.  The Chinese Ministry of Water Resources has communicated in 2005 a policy program that gives priority to the following elements, among others: 1) the maintenance and protection of the healthy life of rivers to ensure their long-term benefits to mankind; 2) the restoration of river-related ecosystems; and 3) the active mitigation or elimination of adverse environmental effects of hydropower and water use infrastructure.  These objectives embody the country’s serious concerns on water conservation, which are stated in Chinese governmental documents such as the National Five-year Development Plan.  
The proposed project addresses all three of these policy objectives directly by helping the government of China devise feasible plans to re-optimize dams in order to restore environmental flows to rivers and floodplains, and to reinvigorate damaged riparian and aquatic ecosystems.  

China has recently initiated programs to promote water conservation. The government of China has established seven River Basin Conservancy Commissions for river basin-based integrated water resource planning and management.  In terms of legislation, China has promulgated and implemented the Water Law, the Law on Prevention and Control of Water Pollution, the Law on Water and Soil Conservation, and the Law on Environmental Impact Assessment along with many other governmental regulations at different levels. In the past five years, China contributed 1.2 percent of its GDP, a significant rise over the previous five years, to environmental protection spending including water conservation. China has launched comprehensive protection projects along the major rivers such as the Yangtze River, the Yellow River and the Songhuajiang River. Such projects include banning the felling of natural forests in the upper or middle upper valleys of the large rivers, converting hilly farmland into woodland and grassland, protecting riparian wetlands, and experimental dam releases to flush sediment and reconnect rivers to the sea. 
China has recognized the serious ecological impacts resulting from large water management systems that divert water from rivers.  It is taking active steps to mitigate or eliminate these ecological problems by demolishing or re-constructing certain unsafe or environmentally harmful impoundments, improving the operations of water projects to make them comply with environmental requirements, and stressing environmental objectives on new major construction projects listed in the national long term development plan. As a result, dam-related environmental protection has shown significant improvement. Both the government (such as the Ministry of Water Resources - MWR) and civil organizations (such as Chinese National Committee On Large Dams, CHINCOLD) have played important roles in this improvement. However, due to limited capital resource and technical capacity, China now has made an urgent call for an international partnership in this endeavor. In addition, facing the rapidly increasing demand for power and for clean energy, China has announced that it will build more dams by 2020 and eventually provide up to about 30% of the nation’s electric supply from hydropower, up considerably from 19% currently. This policy compounds China’s burden for proactively addressing the environmental problems caused by dams.  International cooperation, therefore, is the most suitable direction for China.  
On March 17, 2005, Minister Wang Shucheng of the Ministry of Water Resources met with the president of the Natural Heritage Institute (NHI), expressing his willingness to conduct a dam re-optimization project in partnership with NHI. Then, in December 2005, the Institute of Water Resources and Hydropower Research (the research arm of the Chinese Ministry of Water Resources) and the Global Water Partnership for China convened all of the Chinese partners and NHI for a two day intensive workshop to launch the project. That highly successful workshop agreed on the scope and principles of the China component of the project, determined the dam complexes that will be assessed, and took the first steps toward developing a workplan, as set forth in this concept paper.  It was also the first time that the high level leaders of each of these institutions met to exchange information and share their perspectives on the value of environmental optimization of dam operations in China and how that might most feasibly be accomplished.  This exchange of information was regarded as a major side benefit of the Global Initiative.  
Detail of Dam Sites:

The dam sites selected by the Chinese partners for re-optimization evaluation encompass a range of geographies from the northern plains to the southern drainages, a range of dam purposes encompassing flood control, irrigation, water supply, and hydropower, and includes dams that have a long history of operations and dams that have been recently commissioned.  To qualify for funding from the Global Environmental Facility, the project will focus on dams that control flows into the sea and thereby affect resources of global significance.

The following dams have been nominated:  
· Coordinated reoperation of the Xiaolangdi, Sanmenxia, Luhun and Guxian dams on the Yellow River:   
Funded by the World Bank, the Xiaolangdi Reservoir is the last storage facility on the Yellow River mainstem. The purposes of the reservoir include flood control, alleviating sediment deposition, water supply, irrigation and hydropower. The joint operation of the Xiaolangdi Reservoir together with the Sanmenxia Reservoir right above Xiaolangdi, and the Guxian and Luhun reservoirs on the major tributaries, is essential for flood control in the Yellow River from Xiaolangdi to the river mouth. Similarly, joint re-optimization of the four reservoirs’ operation would potentially significantly improve downstream flows, making then continuous and variable to restore ecological functions and human livelihoods. 
The Yellow River Conservancy Commission has conducted four experiments from 2002 through 2005, creating artificial flow through joint reservoir operation to most efficiently flush reservoir and downstream riverbed sediment to the Bohai Sea. Those artificial floods scoured the main course of the entire lower Yellow River and increased the channel capacity. Although the primary purpose of those experiments was to flush sediment and “maintain the healthy life of the Yellow River”, they indeed benefited the ecological systems downstream and in the Yellow River Delta due to increased flow variability and higher flows into the Bohai Sea. 
These four reoperation experiments succeeded in restoring a continuous –but very modest and non-variable—flow to the Bohai Sea.  Now the challenge is to make that operational feature permanent—even in times of drought—and to reintroduce a flow pattern that will vary according to the seasonal and interannual requirements of the estuary, and that will include seasonal flow magnitudes large enough to reinvigorate the estuary.  The design and implementation of such artificial flood experiments can be much improved by integrating more ecological and human livelihoods considerations with state-of-the-art modeling techniques. 
· Major Reservoir Groups including Longtan and Datengxia on Main Stem Pearl River: 
The major reservoirs on the main stem of the West River tributary of the Pearl River that have significant impacts on downstream ecological systems include Tianshengqiao Dam, Longtan Dam and Datengxia Dam. The main purposes of the Tianshengqiao Dam are hydropower. It was completed in 2000 and controls 88.2% of the drainage area of Nanpanjiang sub-basin and has a total storage capacity of 10.26 billion cubic meters and total installed capacity of 1200 MW. The Longtan Dam, which is currently being constructed, will start to store water in 2006 and will be completed in 2009. It will control 82% of the Red River drainage area and 30% of the West River drainage area.  The Red River and the Liujiang River are the main sources of flood water for the Pearl River. The main purposes of the Longtan Dam are hydropower, flood control and navigation. The Longtan Reservoir will have a total storage capacity of 27.27 billion cubic meters (with corresponding flood control storage of 7 billion cubic meters). The planned Datengxia Dam will control 56% of the West River drainage area and have a total storage capacity of 4.08 billion cubic meters (in which 2 billion cubic meters is for flood control and 1.5 billion cubic meters for streamflow regulation). The main purposes of the Datengxia Dam include flood control, hydropower, water allocation, navigation and irrigation. The total installed capacity will be1600 MW. 
According to the river basin plan, the Longtan Dam needs to be operated conjunctively with the downstream Datengxia dam to effectively control floods of the Red River and the Liujiang River.  The big storage capacities of the Longtan Dam and Tianshengqiao Dam, in conjunctive operation with downstream Datengxia Dam and other dams, will enable them to play an important role in avoiding sea water intrusion in the Pearl River Delta. The current operation model of Longtan Dam will drastically reduce downstream flow when the reservoir stores water at the beginning and at the end of the flood season.  The reservoir will also catch the sediment from the Red River, the main source of sediment of the Pearl River, significantly reducing sediment and nutrient into the downstream, the delta and the river mouth of the Pearl River. In addition, the reservoir operation will also significantly change water temperature. 
All these will affect the ecologic systems in the Red River, the Pearl River Delta and the River Mouth Area. There are nearly 200 kinds of fishes and more than 40 spawning sites in the main stem of the West River. In the past, the adult fish population was reduced drastically after dam construction. According to the Pearl River Commission, the hydropower operations of most of the dams in the basin do not include considerations of ecological requirements. While the commission has practiced reservoir re-operation in alleviating sea water intrusion in recent years, it also wants to conduct “ecologically-oriented reoperation experiments at Longtan and the downstream cascade to maintain the healthy life of the Pearl River and standardize operations of those major dams”.
This work will assess the feasibility of reoptimizing the operations of Longtan Dam, the Tianshengqiao Dam and downstream dams to reintroduce natural flow variability to reinvigorate the downstream ecological systems (including alleviating salinity intrusion) without significantly impairing economic benefits of those projects. The potential options for reservoir re-optimization include: modifying hydropower operations at the beginning and end of the flood season to release more natural flow patterns and water temperatures through coordinated and conjunctive operation of the cascade of dams to improve conditions for fish spawning and reproduction in the Red River, to avoid sea water intrusion into the delta and thereby reduce impacts on biodiversity in the river mouth area, and to create more dynamic flood control in order to enhance sediment transport and reduce impacts on river ecological systems.
· The Three Gorges Project on the Yangtze River:  
With a total storage capacity of 39 billion cubic meters, the Three Gorges Dam significantly alters the natural flow regime, even though the storage only accounts for 8% of annual inflow from the upstream catchment.  The downstream flow alteration affects the natural dynamic connection between the Yangtze River and the downstream lakes, including the Dongting Lake, Poyang Lake, the Zhangdu Lake and the Hong Lake near Wuhan. Reoperation of the Three Gorges reservoir could help restore these lakes as well as the Tian’ezhou Oxbows in the Jingjiang reach of the river.  These are all restoration sites being pursued by the World Wildlife Fund in China where the objective is to restore the seasonal ecological and hydrological connection between the Yangtze River and the natural lakes. 
The Three Gorges Project Corporation understands that the viability of the project depends on successfully addressing these ecological considerations and has already begun to consider ways to alleviate these adverse downstream effects, through reservoir re-operation. One potential strategy that will be assessed under this project is to employ a more dynamic flood management regime which would start storing water earlier and gradually increase over the flood season, thereby alleviating the drastic alteration of the natural flow pattern at the end of the flood season when the reservoir greatly reduces downstream releases in order to rebuild storage levels under the current operating rules. This project will also study the effect of creating artificial floods to facilitate spawning and reproduction of the four major species of Chinese carp.  And this project will consider the use of multiple layers of sluice gates to release water at different temperatures and operational alternatives to alleviate the oversaturation of air in the released flow.  
Preliminary analysis suggests that it may be possible to make additional use of the downstream floodplain to reallocate a fraction of the flood reservation in the reservoir to water storage and thereby increase the hydraulic head and the associated power production and revenues, while restoring some ecological functions and food production systems in the downstream floodplains. 
The initial focus of the China demonstration component will be on the physical feasibility of reoperating the dams’ major water management systems to generate permanent environmental flows and sediment processes.  The feasible scenarios will then be subjected to an economic and social feasibility analysis.  The survivors of these two screens will be subjected to a legal and institutional feasibility analysis.  An important part of this analysis will include the close examination of policy, regulatory and environmental issues that would accompany the chosen reoptimization scenarios.  We shall not concern ourselves initially with whether the dam operator is currently authorized to implement any particular improved water management scenario.  Rather, we shall assume that if the experiment demonstrates the value and practicality of reoptimization strategies, the legal and institutional framework can be adapted to permit its implementation.    
Work Plan:
Activity 1.  For each river basin, determine a target flow pattern to achieve environmental restoration objectives.  This will involve two analytical pathways: (1) Study the biohydrologic relationships that link particular flow parameters to particular ecosystem processes and functions and to particular human livelihoods, including the fluvial geomorphic conditions that are desired; and (2) Document the development constraints in the downstream floodplain that may constrain re-establishment of a more natural and variable flow pattern. 
Activity 2.  Construct hydrologic, flood routing, environmental process, sediment transport, and dam operations models that will allow a range of reoperations scenarios to be evaluated to determine their feasibility and benefits.  

Activity 3.  Generate a range of reoperation scenarios designed to achieve the target environmental restoration flow patterns, while also maintaining (or even improving) flood control, hydropower and irrigation benefits of the dams.  

Activity 4.   Evaluate the scenarios using the suite of planning models that are to be constructed to determine which perform best under current hydrologic conditions and under conditions anticipated as a consequence of global climate change.  Further refine and optimize the best scenarios and re-evaluate them iteratively to develop a reoperation plan for the dam(s). 

Activity 5.  Evaluate the economic, social and legal/institutional feasibility of the most promising reoperation scenarios and refine them as necessary to assure their feasibility.  

Activity 6.  Conduct a trial implementation of the reoperation plan and monitor and document the results.  Feed these results into a refinement of the reoperation plan in an iterative manner.  

Activity 7.  Distill the lessons from the technical investigation and reoperation demonstration to contribute to a global learning process that will consist of inputs from all of the regional components of the Global Dam Reoptimization Initiative.  Disseminate and propagate these results to inform and inspire further dam reoperation projects around the world.  

Stakeholder Involvement:
The project includes governmental agencies, river basin commissions, research institutions, universities, dam operators, and NGOs in China.  Local communities and units of government will also be involved in designing the re-optimization strategies. 
In the demonstration component, stakeholder involvement will be central in order to correctly evaluate the demand for flows in the downstream floodplains, and the costs and benefits of alternative re-optimization scenarios.  As the physical options for system re-optimization become defined, it will be important to assess the ways in which these options affect the beneficiaries of the services for which the systems were initially constructed, as well as potentially new beneficiaries of re-optimization measures.  Stakeholder participation will occur in order to yield substantive contributions to the development and choice of re-optimization scenarios. 

Rationale and Project Objectives:
The project’s rationale is that there is considerable untapped scope for re-optimizing dam operations in ways that would have major environmental and social benefits. Its objective is to catalyze a Global Initiative that will assess the feasibility of re-optimizing major irrigation, power and flood management systems to restore a substantial measure of their lost ecosystem functions and human livelihoods in the downstream floodplains, without substantially diminishing the economic benefits for which the dams were constructed.  The China component will contribute to achieving this goal by developing optimization plans for water management systems on some of the most developed rivers in China, to demonstrate the techniques that can be employed to create environmentally and socially beneficial flexibility into the operations of dams and diversions.  

This project will also develop currently unavailable analytical methods for determining the physical, socio-economic, and legal/institutional requisites for successful application of these re-operation techniques so that the best prospects for beneficial re-operation can be most readily ascertained.  This project will determine the downstream environments where flow restoration would provide the greatest benefits to aquatic ecosystems and human production systems, such as formerly productive floodplains, wetlands, deltas and estuaries.  In developing flow targets to restore functionality to these environments, it will work closely with the communities that occupy them and the local NGOs that can help define the flow requirements.   Making these down-stream environments more productive will require that the interactions between river flow and the landforms become less static and more dynamic.  The existence of a demand for these changes on the part of the downstream communities will be a pre-requisite in the dam selection process.  These dams will then be the focus for the development of technically feasible and environmentally efficacious re-operation plans. 
Another key objective of the project is developing a global learning toolkit and disseminating the beneficial re-optimization techniques by:

· Disseminating the results of the demonstration cases to a global audience of policy makers, dam operators and water resources professionals, and to communities living in floodplains located downstream of major hydraulic infrastructure; and 

· Developing, applying and refining rapid assessment tools to a) identify major water systems that are the best candidates for re-optimization; and b) select the combination of re-optimization strategies that will provide the desired environmental and economic outcomes.

Outcomes and Benefits:
This project will contribute incremental and global benefits on several levels:
· To date, much research and policy work has been performed to understand environmental flow requirements.  Current policy formulation thus benefits from a good understanding of how to determine the environmental water demand in rivers.  This project proposes to develop tools that will actually generate the necessary environmental flows, and hence provide the environmental water supply necessary to meet the established demand.   
· Furthermore, the project seeks to make these flows sustainable rather than just experimental.  To this end, this project will demonstrate the feasibility of generating the target restoration flow patterns downstream of the reservoir storage element of these systems so that environmental performance can become permanently structured into the operating system to the same extent as the economic benefits.   
· Whereas previous studies, such as the World Commission on Dams Report, have focused on the upstream consequences of reservoirs on displaced communities and riparian ecosystems, this project will significantly advance the analysis and planning of optimizing water management systems to restore downstream ecological productivity while also addressing reservoir impacts such as eutrophication and invasions of exotic weeds. 
· Whereas other initiatives, such as the World Commission on Dams, have chronicled the damage produced by major dams, this initiative will focus on how to reestablish environmental flows and sediment processes that will repair some of that damage and conduct necessary compensation.  
· Whereas previous work has been more general and diagnostic in nature, this project will develop specific solutions by engaging in technical analysis and demonstrations to determine the physical, economic, environmental and institutional requirements for re-optimizing major water allocation systems.
· By focusing on improved operation of existing dams, this project will also illuminate how future dams can be sited, planned, designed and operated to minimize adverse environmental consequences. For future dams, environmentally sustainable reservoir operation should be simulated in the planning and design stages to obtain mutually supportable solutions for current dam beneficiaries as well as those communities who have heretofore lost environmental services due to dam construction. 
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