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Foreword 
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1. Introduction 

1.1. Integrated Water Resources Development and Management (IWRDM)   

Post Rio Summit in 1992, professionals working in water resources sector, have come to a conclusion that ‘Integrated 
Water Resources Development and Management (IWRDM)’ is required to generate goods and services essential for 
the mankind, without affecting sustainability of the natural resources base. Dams have been built on rivers of the world 
for millennia, for capturing spatially and temporally variable high stage river flows for supply to needy areas and 
habitats during low flow periods. A dam raises the river water level, stores or diverts the flood flow and enables 
freshwater abstraction for conveying it over long distances and supply. Needs and demands for freshwater have kept 
rising in particular during the last few decades, with: growth in population, urbanization, industrialization, economic 
regeneration and need for removal of mismatch between different sections of societies. For supply management, 
thousands of storage dams ranging from mega to micro scale have been built, many are under construction and many 
more will be built. Dams have been deployed largely for facilitating supply from upstream watershed with surplus 
water availability to downstream area with deficit availability against a relatively high demand, which can’t be fulfilled 
from flow, run-of-the-river.  

In spite of intense dam building activity during the last century, both per capita availability & storage volume has kept 
declining because of finite availability and unabated population growth. As such, more and more innovative methods 
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of water management to produce more goods and services with lesser water have been deployed and newer 
strategies are being devised. A river basin is recognized as a natural unit determining the available quantum of 
freshwater. Needy areas more within and less outside basin boundaries have been provided with water supply, 
wherever dam & related infrastructure cost was socially acceptable and economically viable. More and more complex 
structures have been however built in recent times to serve needy areas within and across river basin boundaries 
hitherto considered expensive. The cost of building safe dams and associated appurtenances including pumping 
stations, canals, pipelines, tunnels etc. of increasingly: larger size, at more difficult locations and yet possessing long 
life: has been relatively coming down with faster march of material sciences, computational aids in their design, and 
vastly modernized construction technology and equipment.  

1.2. Inter Basin Water Transfer (IBWT), Committee on Dams and Water Transfer (CDWT), Terms 
of Reference (ToR) & Bulletin  

Proposals of schemes for such inter-basin water transfers (IBWT) are now more common, though in past isolated 
schemes in more than 40 countries barring a few that successfully implemented not one or two but clusters of such 
schemes for benefiting arid/semiarid areas are well known. Dams large and small constitute the basic structural 
intervention facilitating IBWT along-with ‘within-basin’ transfers. Larger dams raise river water levels higher reducing 
the cost of transfer across ridges between river basin boundaries by means of shorter tunnels or pumping stations 
needing lesser lift. Larger reservoirs also balance the variability of water availability throughout the year and 
consequently balance the temporal gap in demand and supply.  Depending upon the size and  water availability, the 
gaps  spanning over several months to a year or more can be bridged. Many dams now combine water transfer both 
within and across basin boundaries conjunctively. Many developing countries still have a large mismatch between 
needs and level of supply that threatens to grow during the next few decades. Some of them have undertaken 
ambitious proposals for IBWT. Keeping this background in mind, the ICOLD decided in the year 2003 to constitute an 
International Technical Committee on Dams and Water Transfer (CDWT) to comprehensively study present mode of 
IBWT, and frame guidelines that will be useful for professionals devising new schemes.  

The identified Terms of Reference (ToR) for CDWT are as follows. 

1. Collection of information on present status of intra-inter basin, and inter sub-basin transfer of water resources. 

2. Guidelines for examination of the need and potential for inter-basin developments. 

3. Limits of water transfers from surplus to deficit basins. 

4. Benefits and costs analysis. 

5. Collaboration with the Committee on the Environment to define the specificities of the environmental impacts of 
water transfers. 

6. Guidelines for study of options for inter-basin transfers. 

The CDWT has decided to bring out a bulletin to respond to these ToR in following Chapters. 

Chapter 1 Introduction  

Chapter 2 Inter-Basin Water Transfer Registry 

The CDWT has followed up the work of compilation of salient features of IBWT schemes reported in global literature 
as could be accessed from a similar effort carried out by its Chairman in his capacity as Secretary General ICID 
(International Commission on Irrigation and Drainage) way back in 2002-03. The ICID had set up a Task Force on 
IBWT towards the end of 2003 to carry over the work done by then, to a logical conclusion. The work of the TF.IBWT 
is expected to end shortly. In the meantime, a draft report was posted on ICID website. It has been extensively utilized 
in drafting this Chapter.  

Chapter 3 Need, Potential and Limit for Inter-Basin Water Transfer: 3.1 Water Balance studies, 3.2 The role of dams 
in Water Transfers, 3.3 Layout options 

It covers in 3 parts the ambit of the ToR. First explains how to decide whether a basin or a sub-basin or a smaller area 
is water deficit or water surplus depending upon projected needs and likely demands on water availability by transfer 
from upstream. In the second part, it covers how a dam or a combination of two or more dams can help water transfer. 
It shows that the transfer can take place either by a conventional canal taking off from a dam and leading the 
transferred water to another reservoir created above another dam or downstream of the second dam. Or the transfer 
can take place by pumping water from the first reservoir into a higher level canal leading across the intervening ridge 
to another basin or sub-basin. The third part of the chapter shows the various possible layouts of combinations of 
dams / canals / pumping stations for transfer. 
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Chapter 4 Assessment of Environmental and Social Impacts 

It lists all the possible environmental impacts as voiced by social activists and brings out ways to minimize them. 
Compensatory measures that can be taken are also listed. It is explained that possible impacts are similar to those 
dealt with in intra-basin WRD. Unfortunately, the literature survey has not indicated assessment of environmental 
impacts and steps taken to reduce them to a manageable level. The positive impacts of IBWT are well known. The 
feared negative ones are more imaginary and baseless. Mostly they indicate a red flag, to be taken note of and 
mitigation planned. Like environmental impacts, social impacts are mostly positive. Negative impacts comprise i) 
displacement caused by submergence under reservoir waters and that due to water conveyance / conductor system, 
ii) loss of land acquired for the infrastructure. As appropriate R&R measures are by now in place in countries round 
the world, these impacts can be minimized. The assessment of environmental impacts is not made in context of 
population benefitted versus those affected.  While making such assessments, the benefits are largely ignored, the 
impacts are detailed in depth often leading to an unbalanced view of the whole process of assessment and neutrality 
of the examination is lost. 

Chapter 5 Benefit and Cost Analysis 

It lists and briefly describes different methods for carrying out benefit cost analysis for a proposed IBWT scheme. As 
always, direct benefits from such scheme can be quantified fairly accurately. The indirect benefits are difficult to 
quantify. However keeping in view the experience of the last fifty and odd years, these can be projected. Incidental 
benefits accruing from such schemes are more difficult and are often subject to conjecture. Cost of an IBWT scheme 
is many a time higher than a conventional in-basin scheme but as the deficit region of another basin can’t be served 
otherwise, the opportunity costs are weighed against the benefits. Funding agencies both bilateral and multilateral 
follow specific procedures for carrying out the Benefit-Cost (BC) analysis. Other methods used comprise: discounted 
cash flow method, the Internal Rate of Return (IRR), the Economic Rate of Return (ERR) methods. The BC analysis 
helps comparison of various options open for prioritization and adoption of a particular scheme from amongst several 
technically feasible ones. Finally a scheme has to be financially viable, technically feasible, socially acceptable and 
environmentally sustainable. It is difficult to achieve all these conditions simultaneously and equally. As such choice of 
a particular scheme is often a result of trade-offs between these criteria, a society can bear.  

Chapter 6 Guidelines for study of options to IBWT 

It lists various managerial options of in-basin development to IBWT as articulated by activists opposing IBWT. They 
are technically examined, and socio-economically assessed before a choice is made. They include: demand 
management, water saving, and improving water use efficiency of existing schemes. They also include structural 
measures such as: watershed development and desalination. The chapter 6 addresses advantages, disadvantages of 
each of these options to enable assessment of their applicability and real value for comparison with the proposed 
IBWT scheme. The Chapter concludes that effectiveness of the administrative/managerial options that are non-
structural in nature are the result of adequacy of Governance that one obtains in a country where IBWT is being 
planned. Any structural measure can’t wish away such status. The CDWT considers the proposed structural options 
as complementary and not in competition with IBWT. Both of them have to operate within narrow margins and have 
obvious limitations which are brought out.    

2. Inter-Basin Water Transfer Registry 

This compilation is part of a work being done by the International Commission on Irrigation and Drainage (ICID) under 
the label Experiences With Inter Basin Water Transfers For Irrigation, Drainage and Flood Management, by the Task 
Force on Inter Basin Water Transfers. This work was adapted from the draft updated to 2007, edited by Jancy Vijayan 
and Bart Schultz. 

Some information was brought by CDWT members and incorporated on their work which represents, although 
incomplete, the projects around the world which deals with this subject. 
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3. Need, Potential and Limit for Inter-Basin Water Transfer  

The growth in economy and population growth hit a ceiling of sustainability on two primary resource caps namely land 
and water.  However, it is not possible to revert back to original position in terms of per capita availability without 
causing social or political distress.  In such situations, the inter-basin transfer of water provides a solution to generate 
the space for development and sustenance of the gains made over time. 

3.1. Water Balance studies 

As stated, this Committee, revising some international models, recommends an overall model since water transfers 
have several peculiarities in their conception, construction and operation, involving from technical-economical issues 
to social-political ones widely varying from country to country. Among these features, it can be included: 

i. Spatial heterogeneity of water demands; 
ii. Different water uses, including: human supply and quenching of animals’ thirst, irrigation, energy generation, 

farming and industrial demands, diffuse, urban demands; 
iii. Impacts on the source (transferring) basin, particularly in power generation and firm flow for other uses 

already in operation or proposed; 
iv. Impacts on the receiving basins (transferee), transforming intermittent flows in perennial rivers, changing uses, 

soil occupation modifying the demands. 

This study cannot be split apart from other studies considering environmental, socio economic and cost benefit. It 
starts with the collection of data that gives the present and future situations in terms of water availability, basically 
surface and underground, and the demands for water use.  

The main information resulting from preliminary studies comprises the following main items: 

i. Legal constraints; 
ii. Study of scenarios; 
iii. Prospective analysis of water demand in the basins; 
iv. Study of water availability in the basins; 
v. Assembling water demand scenarios; 
vi. Identification of investment opportunities; 
vii. Local policy for investments in the area. 

Algeria Constantine
Beni Haroun water transfer 

system
Beni Haroun Dam Constantine 0,504

Water supply and 

irrigation

2007 & under 

construction

Algeria
Akbou-Bejaia Water 

Transfer system
Tichy-Haf Dam Bejaia 0,09

Water supply and 

irrigation
2010

Algeria            Tizi 

Ouzou / Boumerdes / 

Algiers

Water transfer Taksebt-

Algiers
Taksebt Dam Algiers 0,22 Water supply 2008

Algeria                   

Bouira / Tizi Ouzou

Koudiat Acerdoune Water 

Transfer system I
Koudiat Acerdoune Dam Ouadhias 0,039

Water supply and 

irrigation
Under construction

Algeria    Médéa / Bouira
Koudiat Acerdoune Water 

Transfer system III
Koudiat Acerdoune Dam Boughzoul 0,075

Water supply and 

irrigation
Under construction

Algeria   
Mostaganem–Arzew–Oran 

Water Transfer System 
Chéliff and Kerrada Dams

Mostaganem and 

Oran cities
0,155 Water supply

Algeria
Setif-Hodna Water Transfer 

System
Tabellout Dam Draa Diss Dam 0,313

Water supply and 

irrigation

Algeria Tamanrasset Water supply Tamanrasset In Salah Water Table Tamanrasset 0,036 Drinking water 2011

Algeria Tissemsilt
Water supply of Tissemsilt   

II
Koudiat Rosfa Dam Tissemsilt 0,023 Water supply

Algeria Mostaganem
Water supply of  Dahra 

region from Kramis Dam
Kramis Dam Mostaganem 0,009 Water supply
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3.1.1. Water availability in source basin 

Taking into account the sum of all available flow (rain, groundwater, snow melting1) it has to be described its flow 
distribution by means of flow duration curves derived from extensive hydrology research and modeling. Figure 3.1 
illustrates this type of curve. 

As a rule the maximum withdrawal is regulated by the Water Authority and is a function of the present and future uses 
proposed for the water in the source. In the same way the duration curve of a maximum withdrawal is derived as 
shown in Figure 3.1. 

 

Figure 3.1– Annual flow duration curves. The allowed transfer includes losses due to evaporation, operation and 
management. 

3.1.2. Water availability in receiving basins 

In some cases the benefitted basins have water resources which are not enough to fulfill its needs in the proposed 
scenarios and have to be analyzed and modeled in the same way source basins were studied. For example, in case 
the demands are expected to be supplied starting from reservoirs, one can use some form of condensing data as 
shown in the table of Figure 3.2. 

 

Figure 3.2 – Table with the resume of available water in target region. 

 

For each region the demand forecast, for the furthest scenario, has to take into account its own hydrology and legal 
and environmental constraints resulting in the net flow distributed according to its percentage of flow duration. 

Reuse (urban, industrial) although saving small amounts of the total demand can be included in the final figures to 
issue the demand. 

                                                           
1
 Other sources are dealt with in chapter 5. 
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Whenever possible, the introduction of regulating reservoirs along transfer path improve the average transferred flow 
leading to also improve hydraulic characteristics of the system, bringing some synergy to the operation, as well. 

3.1.3. Water need in receiving basins 

Together, all these information and studies will propose a final scenario which establishes the water amount in the 
transferee basin and its time distribution. 

In the more complex case the transfer flow rate is not established as a constant value, and varies depending on the 
demand variation for water in the target regions. The transfer system will then be conceived to convey the maximum 
flow determined for the chosen alternative. 

The lower curve in Figure 3.1 represents the upper boundary for the flows. A summary of the studies may be 
consisted in a table as illustrated in Figure 3.3. 

 

Figure 3.3 – Consisting scenarios for water use in the receiving basins. 

Finally, the water flows as consisted in the previous table, have to be distributed according to every delivery spot 
which, depending on the size of the benefitted basin, may have climate differences and different periods of peak flows, 
which makes very difficult to establish the planning of time variation of conveyance.  

3.1.4. Planning and Implementation strategies: 

 Almost as a rule, the IBWT proposals envisage the transfer of resources across diverse administrative and 
regional boundaries.  The donor and receiver basin stake holders have to be brought together for planning and 
formulation of the schemes.  As against an inter regional power grid where power can flow dynamically between 
surplus and deficit regions with each region capable of assuming the role of a surplus or deficit region; the IBWT 
proposals  fix the roles of export and import basins permanently.  In such scenarios multiple demand projections and 
ultimate usage patterns are propagated by different interest groups.  A consensual approach is a must for driving the 
technological planning of the IBWT schemes.  Evaluation of surplus has been found to be a very difficult exercise.  
There are a multiple set of options available from technology point of view and each one of them may hold special 
appeal to an individual group of stake holders.  The planning agency has to   perforce   evaluate each one of them   
threadbare and more often combine them to evolve an acceptable solution.  This involves a much more rigorous 
exercise in hydrological and structural layout planning than a single stand alone intra-basin project. 

3.1.5. System modeling 

The considerations described in the preceding items give information to prepare the model scheme which represents 
the system with all necessary hydraulic features, to be simulated in any available software which will model all flows 
distribution and give orientation for operation procedures. 

Establishing all availability, demands (Figure 3.1), losses and priorities it is possible to distribute the flows according to 
the hydrology in both basins, as well as to the uses in every spot to be supplied. This study will also model the time 
evolution of demand growth up to the limit of the established scenario. 

This model is also the basis for dimensioning the hydraulics of the system as, for example, canal, gates and spillway 
dimensions. 

On the other hand it is also possible to give the first input for operation of the system. Considering the integrated 
operation of all reservoirs, including the regulating ones it is possible to reduce to a minimum the losses due to 
management. In other words, to reduce spilling of transferred water. 

One of the results can be consolidated in terms of duration curve showing the time distribution of flows considering the 
limitations imposed by the source trying to operate the system as close as possible of the available flows. Figure 3.4 
illustrates the idea. 
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Figure 3.4 – Percent of time duration for transferred flows. In this case the source is a regulating reservoir that 
maintains the maximum flow for 25 to 30% of the time. 

3.1.6. Management 

The key to management of an IBWT scheme is to finalize an operational policy in tune with the stakeholders in donor 
as well as receiver basins.  The operational policies and assurances are demanded by the groups' right at the time of 
planning and designing of the individual components of the schemes.  Such operational plans have to take into 
account the historical practices of the riparian areas in the donor basins.  Administrative mechanisms in form of 
reservoir regulation groups comprising of key personnel from both the basin areas have to be set up and mandated for 
operation in various phases of the hydrological cycle.  The group will also need an independent neutral arbiter who 
can resolve the differences in real time in a dispassionate manner and can be relied upon by both the parties ( viz. 
donor and receiver) to play the role. 

 The operational and management model has to have the components of flood management in monsoon and 
consumption management in the lean season.  Explicit mechanisms of surplus as well as deficit sharing have to be 
put into the model.  The model does not remain merely hydrological but also has components of assessing and 
distributing resources generated out of power production, etc.  This needs financial modules as well which can be 
stand alone or can be integrated with hydrological operational models. 

This Committee understands that the Transfer System has to be approached as a single entity and operated by a 
single entity as well. This concept, now possible due to the impressive development of hardware and SCADA systems 
(Supervisory Control and Data Acquisition), leads to a more and better integrated management increasing the 
efficiency of operators and managers. 

The hierarchical structure of the Digital Supervision and Control System DSCS considering all system units as 
pumping stations, power plants, control structures, derivation, valves, flow and levels monitoring, etc., can be 
conceived in four functional levels. 

Level 0 

Corresponds to the lowest level of operation, and is only used in the commissioning, during equipment maintenance 
or in emergencies. In normal situation the system is always operated from the level 1 or higher. 
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This is a risky operation, since the functions of control and supervision of the SDSC are not acting. 

Level 1 

The lower part of DSCS, identified as Level 1, meets the local subsystems data acquisition and control for the 
elements of the pumping stations, hydroelectric dams, control structures, valves, monitoring units, etc. 

The equipment in this level of DSCS, which are the units of acquisition and control (UAC) form subsystems 
functionally autonomous and independent of each other and the upper levels, as regards the implementation of the 
basic functions of control, interlocks, automation, measurement and factoring necessary for the correct and safe 
operation of equipment. 

In case of loss of UAC, only that equipment will lose their functions, thus maintaining the integrity of the system as a 
whole. Therefore, the UAC, and the PLC (programmable logical controller) - which is the intelligent part of the panel, 
allows the equipment to operate safely.  

Level 2 

Level 2 of the DSCS is responsible for the supervision and control of their corresponding pumping station or power 
plant and control structures Bunger valves, etc. Thus, through the equipment of level 2, is possible to control the main 
and auxiliary equipment at a pumping station and power plant, monitoring devices of reservoirs levels, control of gates 
or valves and monitoring remote outlets devices. 

Level 2 consists of computing platforms for the transmission or reception of data from the Operation Control Centre 
(OCC). 

Level 2, in addition to the functions of supervision and control, also possess native database software in SCADA. In 
this database will be stored all information concerning the area of performance of this level. 

Level 3 

Level 3 is responsible for supervision and control of equipment and systems throughout the entire Water Transfer 
System, including pumping stations, hydroelectric plants, transmission systems, control structures and diversion units. 

Level 3 consists of computing platforms of operation system running on hot standby, making the operation of any 
equipment interchangeable. Level 3 is located in the OCC, with the main data base and processing units. Its 
architecture can be illustrated as shown in Figure 3.5. The summary of the hierarchy architecture is sketched in Figure 
3.6. 
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Figure 3.5 – Process architecture in Level 3. 

 

Figure 3.6 - Summary of the hierarchy architecture. 
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One of the important objectives of the SCADA system, during operation, is the possibility of learning based on data 
acquisition whose trends are always improved since all input data are very dynamic. For example, climate, demands 
and legal improvements modify with time and are the backbone of the operation model improved from that described 
in item 3.1.4. 

As a final remark, the greater the Transfer System higher is the inertia of system response. The management of water 
intake for the system has to be planned from days to months before the action of modifying demands supply, since it 
takes long time to modify the water volume of the system to adapt the corresponding flow. For this case the 
management has to deal with volume transfer instead of flow. This procedure reduces the loss of unused transferred 
water spilling. 

3.2. The role of dams in Water Transfers  

3.2.1. General 

Dams play important roles in inter-basin water transfer (IBWT) schemes from hydrological and hydraulic points of 
view. The principal roles of dams, taking into account that many dams serve for more than one role, are: 

 Water diversion, 

 Flow regulating reservoir, 

 Link between water conveyance systems, and 

 Rise of a water level. 

3.2.2. Water Diversion 

The basic concept of IBWTs is to transfer water from a source river basin to a recipient river basin by utilizing a water 
conveyance system that in general consists of aqueducts, canals, tunnels, pipelines, or their combination, including or 
excluding pumping stations, pondages or hydropower stations. 

Dams constructed in the source river ensure hydraulically required water depth at the intake of the water conveyance 
system and divert the river water to the system as illustrated in Figure 3.2.1. 

 

Figure 3.2.1   Dam for Water Diversion in IBWTs 

When the water conveyance systems cross multi-river basins including relay rivers, more than one dam may be 
provided for the water diversion purpose (see Figure 3.2.2). 
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Figure 3.2.2   Multiple Dams for Water Diversion 

3.2.3. Water Reservoir 

Dams in IBWTs play a role to build a water reservoir that aims at storing and regulating the stream flows in the source 
river for efficient water resources utilization. These dams with reservoirs are provided in the source river, relay river or 
recipient river according to the availability of the suitable dam sites. Such dams usually have the water diversion 
function as well, while in some cases two separate dams for reservoir and diversion are proposed. Refer to Figure 
3.2.3. 

 

Figure 3.2.3   Dams for Water Reservoir in IBWTs 

3.2.4. Link between Water Conveyance Systems 

Dams have a function as a link between multiple water conveyance systems, in the case that the IBWT diverts more 
than one river courses or includes relay rivers as indicated in Figure 3.2.4. 
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Figure 3.2.4   Dams for Link between Water Conveyance Systems in IBWTs. 

3.2.5.  Rise of Water Level 

Dams built in the source river contribute to the rise of the river water level, so that the water conveyance system can 
be a gravity flow or have less pumping head as illustrated in Figure 3.2.5. It is noted that this is normally a subsidiary 
benefit that occurs when dams are required for the water diversion or reservoir purposes, and planning a dam mainly 
for the rise of water level is considered to be a rare case. 

 

Figure 3.2.5   Dams and pumping stations for Rising the Water Level in IBWTs. 

 

3.3. Approaches to transfer planning: 

In general, there are two approaches to planning a transfer through IBWT. 

a. Point to point transfer 
b. Command area substitution 
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3.3.1. Point to point transfer: 

Such transfer involves a head diversion point from where a canal or a tunnel or a combination emerges and transfers 
the waters to the adjoining basins.  In such schemes often there are hydropower generation facilities utilizing the 
drops, if any or there can be pumping stations if the topography of the area so demands.  Such transfers serve the 
purpose of augmenting the utilization from a reservoir or diversion structure further downstream of the outfall point in 
the recipient basin.  However, utilization of the waters being transferred en-route may or may not be present. 

Such transfers involving canals have the possibility of developing en-route irrigation benefits thereby improving the 
benefits of the project proposal. 

Point to point transfers can also be useful in flood management and the reduction of damages in the donor basin due 
to limited carrying capacity of the river channel. In hilly terrains, such transfers are associated with hydropower 
production. 

3.3.2.  Command area substitution: 

Long distance water transfers across a set of adjoining basins need to be planned through this approach to minimize 
the conveyance costs and size of conveyance structures.  Such transfers are also able to take the benefit of pre-
existing reservoirs at higher levels that are otherwise fully committed to their own command areas but can serve as 
sources provided some of their command is taken over by waters supplied from an adjoining basin. 

Such transfers also carry the advantage of reduction in pumping effort in specific cases as the relative difference 
between the head works in the adjoining basin and the potential command may be lesser than that between a low 
level reservoir within the same command. 

Substitution approaches are often associated with better reliability of supplies to some of the served areas as the 
relative distance and intervening use in u/s reaches of canal can decrease due to such arrangement. 

However, such schemes have to be planned with a very vigorous consensus building approach when the commands 
are lying in separate administrative or political units.  Very often the existing beneficiaries of an existing scheme who 
have to move from their source within their own administrative jurisdiction to another new source which may not be 
within their jurisdiction, resist such change.  Apprehensions have to be addressed with the help of sound operational  
plans and rigorous studies to  demonstrate through  various simulations the reliability of the proposed scheme. 

3.4. Layout options 

The hydraulic layouts of IBWTs vary quite widely. However, discussions here are limited to the layout options relating 
to the arrangement of dams. The variety of water conveyance systems, for example waterway structural types, flow 
conditions (gravity or pumping), or pumping station position, is not subject to consideration. 

The layouts are primarily categorized into the following four options in terms of the number and position of source, 
relay and recipient rivers and the water transfer directions: 

I. Water transfer from a single source river to a single recipient river through a single water conveyance system 
(Figure 3.3.1); 

 

 

Figure 3.3.1   Schematic Layout of Option 1 
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II. Water transfer from multiple source rivers to a single recipient river through multiple water conveyance 
systems (see Figure 3.3.2); 

 

 

Figure 3.3.2   Schematic Layout of Option 2 

 

III. Water transfer from a single source river to multiple recipient rivers through multiple water conveyance 
systems (Figure 3.3.3); 

 

Figure 3.3.3   Schematic Layout of Option 3 

 

IV. Water transfer from a single source river to a single recipient river via relay rivers (single or multiple) through 
multiple water conveyance systems (see Figure 3.3.4). 

 



 

 
28 

 

 

Figure 3.3.4   Schematic Layout of Option 4 

Each option is further classified into the following three sub-options from the viewpoint of the arrangement and role of 
dams in particular the position of a dam that has a reservoir function: 

 Sub-option A: Each source river has a single dam with a reservoir. Recipient rivers have no dam. 

 Sub-option B: Each source river has multiple dams, where the upstream dam has a reservoir. This would be 
adopted when the suitable reservoir site is far from the water diversion site. Recipient rivers have no dam. 

 Sub-option C: Each recipient river has a single dam with a reservoir. Each source river has a single dam for 
water diversion. This would be adopted when no suitable dam sites are available in source rivers or a 
reservoir in the recipient river is more advantageous than that in the source river. 

Combining the above four options and three sub-options, a total of 12 layout options are composed as below. 

 Option 1A: One dam with a reservoir in a single source river; and a single water conveyance system to a 
single recipient river; 

 Option 1B: More than one dam in a single source river, of which the upstream dam has a reservoir; and a 
single water conveyance system to a single recipient river; 

 Option 1C: One dam in a single source river; a single water conveyance system to a single recipient river; 
and one dam with a reservoir in the recipient river; 

 Option 2A: Multiple independent source rivers, where one dam in each source river; and multiple water 
conveyance systems to a single recipient river; 

 Option 2B: Multiple independent source rivers, where more than one dam in each source river, of which 
the upstream dam has a reservoir; and multiple water conveyance systems to a single recipient river;; 

 Option 2C: Multiple independent source rivers, where one dam in each source river; multiple water 
conveyance systems to a single recipient river; and one dam with a reservoir in the recipient river; 

 Option 3A: One dam in a single source river; and multiple water conveyance systems to multiple recipient 
rivers; 

 Option 3B: More than one dam in a single source river, of which the upstream dam has a reservoir; and 
multiple water conveyance systems to multiple recipient rivers; 

 Option 3C: One dam in a single source river; multiple water conveyance systems to multiple recipient 
rivers; and one dam with a reservoir in each recipient river 

 Option 4A: Multiple source and relay rivers, where one dam in each source/relay river; and multiple water 
conveyance systems from the source river to a single recipient river via relay rivers; 

 Option 4B: Multiple source and relay rivers, where more than one dam in the source river, of which the 
upstream dam has a reservoir; and multiple water conveyance systems from the source river to a single 
recipient river via relay rivers; 

 Option 4C: Multiple source and relay rivers, where one dam in each source/relay river; multiple water 
conveyance systems from the source river to a single recipient river via relay rivers; and one dam with a 
reservoir in the recipient river. 
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4. Assessment of Environmental and Social Impacts 

4.1. River Ecosystems 

4.1.1. General 

Inter-basin water transfer (IBWT) schemes divert river water from source basins to recipient basins through water 
conveyance facilities. The IBWTs associated with dams in general utilize relatively uniform river flows that are 
regulated by water reservoirs, built at source river basins. Water transfer methods can be classified into three types: 
free water flows by gravity, pressurized flows by pumping, and combination of free and pressurized flows, in which 
facilities such as open channels, tunnels, pipelines, pumping stations, regulating ponds would be employed. 

Changes in flow regimes and water quality due to water transfers may affect ecosystems in both source and recipient 
rivers. The following mainly focuses on possible adverse impacts of IBWT schemes to be utilized as references during 
project planning and implementation to mitigate the impacts. 

4.1.2.  Impacts on Source Basins 

Dams and water transfers alter the natural flow regime of source river basins. Stream flows controlled and averaged 
by dams, and reduced through water diversion may have impacts on aquatic ecosystems that are maintained under 
the natural runoff of rivers. 

Decreased natural floods result in variation of natural productivity in riparian areas, floodplains and deltas, since 
numerous species of riparian plants depend on shallow floodplains recharged by regular flood events. 

Timing, duration and frequency of floods are critical for inhabitants along the downstream reaches. Small floods may 
trigger migration of fish and invertebrates, while large flood events contribute to scouring of sediments, which result in 
creation and maintenance of their habitats. Floodplains and backwater habitats are essential to sustain suitable 
spawning areas. Reduced floods cause negative effect on biodiversity and productivity of fish, which may lead to 
extinction of some species and considerable reduction of fish catch. 

In many regions of Africa, livelihood of people essentially depends on floodplain agriculture that utilizes fertile soil after 
flood events. Decreased floods may gradually degrade soil in floodplains and adversely affect agricultural productivity. 

Biological linkages extend along lateral belts in parallel with the river, where wildlife use water for drinking, evacuating 
and feeding. Such wildlife species in these strips of land on either sides of the river may be affected when stream 
flows are reduced due to water transfers to other river basins. 

Reduced flows and floods may also alter the natural environment at the river mouth such as decrease in freshwater 
and nutrients, seawater intrusion upstream, and increase in salinity. Since many marine fish spawn in estuaries and 
deltas, breeding of the fish may be hindered. Reduced nutrients may cause degradation of biological productivity and 
the decline of fish catch around the coastal area. 

Creation of reservoirs may cause alterations of water temperature and quality such as oxygen concentration, turbidity 
and nutrients. The river water temperature may dramatically decrease due to cold water released from the bottom of 
the reservoir, which impacts on fish and agricultural production. Increased nutrients may accelerate algal growth in the 
reservoir and its downstream reaches. When algae spread over the reservoir associated with inflow of excessive 
nitrogen and phosphorus, eutrophication may occur due to increase in organic matters and COD in the reservoir 
water. The reservoir eutrophication causes the degradation of the downstream water quality, which may affect fish life 
and fishery along the river. The degraded downstream water used for irrigation may also impact on agricultural 
produce. 

Reduced stream flows may alter groundwater conditions in the downstream basin, in which deficiencies such as water 
level lowering or drying-up of wells occur. 

4.1.3.  Impacts on Recipient Basins 

Ecosystems in river basins that receive water from source basins are altered due to changes in flow regimes, water 
temperature and water quality. If the diverted water is polluted with industrial and municipal waste water, or is 
degraded due to reservoir eutrophication and dissolved heavy metals, the recipient basins may sustain fatal 
environmental damages. 

New biota from water source basins may invade recipient basins, endangering survival of native biota. These non-
native species often exclude the natives, causing drastic variation in natural environments that are no longer able to 
support the previous biosystems. Aquatic lives may be damaged when they are infected with non-native parasites, 
bacteria and viruses that are transferred from the source basins. 
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If transferred water volume is considerably larger than the stream flows in recipient basins, rare species or genetically 
different organisms may be seriously affected. This may bring about extinction of such rare species and reduction of 
useful organisms for humans. The reformation of ecosystems may induce the spread of organism harmful to human 
health, agriculture and fishery, and the increase in vermin through the extinction of their natural enemies. 

Groundwater tables may rise due to incremental groundwater flows associated with increased stream flows. When 
groundwater tables reach the ground surfaces, soil salinization may occur due to the concentration of dissolved salt 
after water evaporation near the surface. Salt can move laterally through surface water, causing spread of salinization 
in the surrounding regions. This may substantially hinders agricultural productivity and ecosystems. Salinization may 
also take place in irrigated farmlands that use transferred water due to poor drainage systems. 

4.1.4. Impacts along Water Transfer Facilities 

When water transfer facilities include tunnels in mountainous areas, groundwater inflows toward the tunnel can lower 
groundwater tables in the vicinity along the tunnel. The resulting drying-up of wells may adversely affect water 
utilization in these regions. If canals are used in flat lands, the rise of groundwater levels caused by water leakage 
from the canals may induce soil salinization. 

Continuous canals often disrupt migration of terrestrial animals and affect natural environments. In the case where 
part of a river is used as a water transfer channel, lands along this river section are subjected to higher risks of 
flooding. This is due to the reduction of flow capacity of the river section caused by the transferred supplemental flows. 

4.1.5.  Prediction of Impacts and Mitigation Measures 

Predicting impacts on aquatic ecosystems, floodplain ecosystems and biodiversity caused by dam and water transfer 
schemes with satisfactory accuracy is difficult at present. This is because reliable baseline data and information are 
often not available, scientific knowledge and researches on the interactions of ecosystems are insufficient, and 
constructing mathematical simulation models for such complicated natural systems is often unsuccessful. Therefore, 
past impact predictions were often limited to judgments based on experience and analogical inference. 

Measures to mitigate the impacts have achieved limited success. No definite and efficient mitigation measures are 
available against the most essential impacts, such as altered flow regimes in both source and recipient river basins, 
and invading non-native species in the recipient basin, where reducing the transferred water to recipient basins and 
increasing environmental flows for source basins can be one of effective measures. This, thus, affects project benefits 
and economic viability. Possible mitigation measures against temperature and the quality of transferred water include 
discharging from the surface layer of water in the reservoir, avoiding cold water in its lower layers, and the treatment 
of waste waters from pollution sources and emission sources of nitrogen and phosphorus, within the reservoir 
catchment. For mitigating impacts on groundwater, conceivable measures are the prevention of water leakage from 
canals by surface lining and provision of alternative water supply for the drying-up wells. Moreover, compensation for 
lost resources can be considered, for example, construction of fish hatcheries for lost fish spawning areas. 

In order to evaluate the predicted impacts and the validity of mitigation measures, periodic environmental monitoring 
should be continuous. Typical monitoring items are river flows, water quality and temperature, aquatic species, 
parasites, bacteria, viruses, groundwater levels, soil salinities, etc. 

4.2.  Erosion and Sedimentation 

4.2.1.  General 

The IBWTs associated with dams may affect the stability of riverbeds and banks. Varied flow regimes due to water 
diversions may cause erosion and sedimentation and alter the river channel morphology of both the source basins 
and recipient basins. The following mainly describes adverse impacts of IBWT schemes to be utilized as references 
for better planning. 

4.2.2.  Impacts on Source Basins 

The impacts on source basins are also applicable for individual dam projects, which do not involve water transfer. 
Dams disrupt the continuity of sediment and nutrient transport in rivers. All bed loads and part of suspended loads 
deposit and form deltas at the upstream end of reservoirs. Since water from the dam contains little sediments and is 
released through large hydraulic energy, its river downstream is subjected to erosion or scouring. This causes 
degradation of the riverbed until new equilibrium is achieved. 

The degraded river channel may lead to the disappearance or reduction of shores/backwaters and riparian vegetation 
that provide habitats and foods for native aquatic species and waterfowls. Scouring changes the particle size of the 
riverbed sediments. Boulders, cobbles and coarse gravels remain along the riverbed through the transported sand 
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and fine gravels, which reduces suitable spawning and incubating areas for fish. Changes in river water turbidity may 
have impacts on biota. When turbidity is reduced due to reservoir impoundment, plankton may increase in the 
reservoir and the downstream river sections. 

Sediment trapping at reservoirs, and reduced sediment transport due to decreases in floods and stream flows in the 
rivers may diminish sediment supply to the river mouth causing extinction of beaches, backward movement of 
coastlines, and expansion of coastal erosion through waves. The degradation of valuable and rich coastal deltas may 
be accelerated, which affect ecosystems and fishery around the estuaries. 

The riverbed degradation and local scouring may endanger bridge foundations and buried river crossing structures. 
The lowered water surfaces along the river may disable diverting its water into irrigation intakes. 

Sediment bars can develop near tributary confluences owing to the decreased tractive forces according to reduced 
river flows. The reduced capacity of the river channel due to sediment bars may induce flooding over the surrounding 
areas. 

4.2.3.  Impacts on Recipient Basins 

River flows in recipient basins are increased due to the transfers of comparatively clean water including little 
sediments from source basins. This may cause erosion and degradation of riverbeds of the recipient river channels. 
The riverbed degradation may impact on the stability of structures in the river and vegetation and aquatic ecosystems, 
similar to those in the source basins. 

4.2.4.  Impacts along Water Transfer Facilities 

Water transferred from reservoirs in source basins that contain little sediments may cause bottom erosion and bank 
instability along its channels. When the transferred water contains much suspended loads, the channel floor may rise 
due to sediment deposition, which leads to the reduction of the channel’s flow capacity. 

4.2.5.  Prediction of Impacts and Mitigation Measures 

The prediction and evaluation of impacts on source and recipient basins due to sedimentation and erosion should be 
carried out prior to implementation of IBWTs. Some computer models for the numerical analyses of river hydraulics 
and sediment transport can be used to simulate river morphology and riverbed variations. 

Measures for mitigating the impacts of sediment trapping in reservoirs include the methods listed below; 

Trapping sediments making use of check dams and natural screens with afforestation in the watershed of the 
reservoir; 

Diverting incoming sediments downstream with flood flows through channels/tunnels that bypass the reservoir; 

Passing of incoming sediments through reservoirs, by releasing flood water from outlets; 

Flushing accumulated sediments from the reservoir with stored water and flood water from bottom outlets; and 

Dredging of accumulated sediments in the reservoir by mechanical means. 

Releasing sediments downstream may cause long term high turbidity in the river water that may have adverse impacts 
on water utilizations, river ecosystems and recreations. Disposal of the dredged materials would be a serious concern 
to be addressed. 

Mitigation measures against the impacts of riverbed degradation are generally limited to places where significant 

problems are expected to occur. The typical measures include strengthening of riverbeds (ground sills and 
riverbed protections) and revetments (vegetation, gabions, ripraps and groins). 

Measures for mitigating the impacts of erosion of estuaries and coasts are wave dissipation blocks and revetments, 
breakwaters, groins and beach nourishment. 

Since the environmental impacts due to erosion and sediments develop gradually, arrangement of long term 
monitoring systems is required. Necessary items to observe are reservoir sediments, sediment transports along the 
river, riverbed variations, particle size of riverbed materials, estuary and coastal topography, etc. 

4.3. Resettlement of Local Population and Loss of Livelihoods 

4.3.1.  General 

Construction of dams and water transfer facilities may cause displacements of inhabitants within the proposed areas. 
This may result in loss of livelihoods as well as physical stress of people affected by resettlement. The following 
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adverse impacts are common not only for IBWT schemes, but also for any large scale development. However, they 
are described as references for planning and implementation. 

Alteration of river morphology, water quality and riverine ecosystems in the downstream reaches of dams and water 
recipient basins affects the usable resources of the river basins and the productive activities of riparian people. This 
may cause loss of the traditional means of livelihoods that include agriculture, fishery, livestock grazing, fuel wood 
gathering and collecting forest products. 

The timing of the social impacts depends on their cause. The impacts are direct and immediate for the people who 
lose homes and livelihoods due to displacement, while the impacts on livelihoods in the downstream and recipient 
basins may occur gradually after the completion of construction and future expansion. 

4.3.2.  Resettlement 

Resettlement programs often focus predominantly on the physical relocation of people subject to displacement rather 
than their economic and social development. An essential economical risk with which the affected people are faced is 
loss of common resources that closely relate to livelihoods and incomes. The resources include cultivated lands, 
forests, pastures, groundwater, surface water, fisheries, etc. The breakdown of such complex livelihood systems can 
induce declined living standards, lack of food security, and malnutrition. Increase in diseases associated with poor 
drinking water quality may worsen morbidity and mortality rates. Forced displacement may deteriorate traditional 
social and cultural structures leading to disruption of communities. Such exclusion of the relocated residents from the 
existing economic and social networks may result in widespread poverty. 

The numbers of affected people have sometimes been under-estimated during project planning stage, due to 
insufficient reliable social impact surveys, and limited and inadequate definition of affected people. The groups who 
usually suffer due to displacement include those without land or legal title, and the indigenous people. This is because 
only people who have legal title are entitled for compensation, leaving no considerations to the indigenous or poor 
people. 

Compensation of affected people subjected to resettlement is often made as a one-time payment in the form of cash, 
land, housing or other properties. Delays in payments, land and housing titles and provision of lifelines and services 
have sometimes occurred. Selected resettlement sites have often been located in areas that have poor natural 
resources and degraded environments, and which are not equivalent or better than their original lands. The provision 
of cultivable lands, basic public services and infrastructure facilities is frequently insufficient. Occurrences of these 
problems may lead to a serious situation such as abandonment of the resettlement sites. 

Little participation of affected people in the planning and implementation stages of the projects is also an essential 
issue. 

4.3.3.  Impacts on Livelihoods for People other than Resettled People 

Social impacts resulting from the implementation of IBWTs spread over downstream basins of dams and water 
recipient basins. Many impacts occur gradually in time. 

Altered flow regimes and reduced natural floods have impacts on floodplain agriculture, livestock grazing and 
gathering forest products, which may cause the disruption of economy in the river basins and the instability of 
livelihoods. This sometimes leads to migration of the affected people to urban areas and dependence on informal 
wage which may push these people into poverty. 

Fishery productions may be affected as the alteration in flow regimes and water quality causes varied ichthyofauna, 
reduced spawning and incubating areas, and difficulty in migration. Fishery and agriculture are popular livelihood 
activities and sources of income in the rural areas. Fish are rich sources of low cost protein. 

Affected people in the downstream and recipient basins usually have little social, economic and political powers to 
claim mitigation measures and compensations. 

4.3.4.  Indigenous Peoples and Gender 

Displacement and loss of livelihoods associated with dams and water transfers may have impacts on the lives, 
cultures and identities of indigenous and tribal people. Rights of indigenous people are often insufficiently defined in 
national legal frameworks, and have not been effectively protected. Moreover, structural inequality and racial 
discrimination still exist in the society. The project planning and implementation have poorly addressed fair treatments 
to ensure consideration of special needs and vulnerabilities of indigenous peoples. Recently, however, international 
and national laws have substantially been improved in terms of empowering recognition of indigenous people as 
social minorities, and protection to their cultures and rights. 
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Meanwhile, gender inequalities and social power structures are eminent forms of prejudice towards women. Women 
often not allowed owning or inheriting lands and forests, which subject them to unfair compensations when they are 
displaced during project implementation. Men who face powerlessness due to poverty resort to alcoholism and 
domestic violence affecting women. Increased immigrants during construction and resulting urbanization may cause 
spread of venereal diseases and HIV/AIDS among local women. In conclusion, women have disproportionately shared 
adverse effects due to displacement and loss of livelihoods. This is caused by lack of consideration on gender 
inequalities in implementing the projects. 

4.3.5.  Mitigation Measures 

Mitigating impacts due to displacement and loss of livelihoods necessitates establishing frameworks that support 
affected people as project beneficiaries. Efforts to reach a consensus on compensations and mitigation measures are 
required through dialogues that involve the affected people during the initial stage of projects. Monitoring the lives of 
affected people after projects completion should be continued so that necessary supplemental measures and supports 
can be provided. 

Successful resettlement process is achieved by minimizing displacement, rendering legislative supports, providing 
sustainable livelihoods, involving local communities, initiating accountability and commitment from government and 
project developers, and other preconditions. Typical measures are detailed below: 

Constructing frameworks that legally define displacement processes, which stipulate the rights of affected people, the 
responsibilities of national and local governments, and the procedures of settling claims and conflicts; 

Displacing people as a whole local community based on in-depth demographic and socio-cultural studies, to avoid 
social and cultural disruption; 

Minimizing displacement by identifying most suitable locations and routes of project facilities, through workshops with 
developers, governments and local communities during project planning stage; 

Compensating livelihoods by combining land and non-land based activities, promoting industries, and building skills 
that are in demand in the regional economy; 

Providing infrastructures in resettlement sites including power, water supply, schools, food factories, medical services, 
telecommunication and transportation; and 

Determining resettlement and compensation programs within the framework of comprehensive negotiations and 
dialogues with affected people, project developers, governments, communities near resettlement sites, and other 
stakeholders. 

Affected people in downstream and recipient basins due to loss of livelihoods have not been well assessed and 
addressed. Thus, mitigation measures have rarely been considered for them. Since impacts occur gradually after 
project completion, affected people who cannot resist the project implementation will eventually demand mitigation 
measures. The distribution of impacts over widespread areas consisting of a number of communities entails weakness 
in unity and difficulty in achieving political will among affected people. However, effective mitigation measures to such 
complex and dispersive problems remain limited. Apart from those mentioned in Section 4.1, other measures may 
include cash compensation, provision of alternative farmlands, fishery development in reservoirs, promotion of 
industries to ensure new livelihoods, and training and guidance for different job opportunities. 

Recently, rights of indigenous peoples have been protected and their self-determination has been widely recognized. 
Prior consent on development projects affecting these people apparently becomes a standard factor in project 
planning and implementation. 

Providing benefits generated by projects to affected women can contribute toward mitigating gender inequality issues. 
When infrastructures and public services are improved, availability of water and power for household uses including 
easy access, reduce time consumption on women’s chores. Thus, success in raising the living standards of affected 
people has positive impacts on gender issues. 

4.4 Cultural Heritage 

The construction of dams and water transfer facilities, which requires removal and modification of extensive land 
areas, may affect cultural heritage. River valleys often conceal ancient civilizations. Inundation by reservoirs, 
construction works for project structures and temporary facilities, and river bank erosion due to changes in flow 
regimes and sediment transport can have impacts. Cultural heritage may include temples, shrines, sacred 
landscapes, remains, architectures, burial sites, etc. These may be archaeologically precious resources, part of 
significant cultural life in regional communities, and the remains of aborigines. 
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Impacts on architectures, burial sites and religious facilities that closely relate to the local people have to be 
investigated during the planning stage of IBWTs. On the other hand, difficulties in investigating cultural heritage or 
archaeological resources buried deep in the ground entail lack of sufficient findings during project implementation. 
Efforts to minimize irreparable losses or damages to cultural properties need to be considered. 

When investigations reveal the existence of cultural heritage, mitigation measures such as conservation, relocation 
and reconstruction of the properties should be initiated. 

4.5 Health of People 

Environmental alterations resulting from dam and water transfer developments can adversely affect the health of local 
people residing near source basins, recipient basins and the vicinity of water transfer facilities. 

The creation of reservoirs in tropical regions may cause occurrence of various vector-related diseases like malaria, 
yellow fever, filariasis and schistosomiasis. In tropical, subtropical and arid zones, reservoir eutrophication resulting 
from nutrient influx enhanced by urbanization and agricultural/industrial developments in the catchment area can bring 
about multiplication of toxic cyano bacteria that affects human health through contamination of drinking water. 
Accumulation of mercury in fishes is also a problem associated with reservoirs. Mercury in soil in a harmless form is 
transformed by bacteria feeding on rotting biomass into toxic methyl-mercury. This causes damage to the central 
nervous system of humans. Concentrated methyl-mercury through food-chains can adversely affect human health for 
a long time, beyond generations. These vectors and toxic substances occurring in reservoirs may be released to the 
downstream areas of dams, and conveyed to other river basins along with transferred water, which may result in 
expanding affected areas. 

The health conditions of displaced people due to project construction often become worse. Inappropriate resettlement 
programs and insufficient livelihoods can lead to emotional wounds due to community disruption. Starvation and 
malnutrition usually follows due to lack of food. Unsafe and inconvenient infrastructures in resettlement sites also have 
impacts on human health. Another concern is the spread of HIV/AIDS transmitted from outside, throughout the 
construction vicinity. 

Examining actual cases that occurred in surrounding areas, neighboring countries or similar climate zones may be 
useful for predicting the impacts to human health. Mitigation measures have to be studied based on the predicted 
impacts. Measures may include spraying disinfectants, deforestation and clearing of reservoir areas before 
impounding, treatment of waste water, clean drinking water supplies to resettlement areas, monitoring water quality 
and vectors, provision of regional medical facilities, periodic medical check-ups for affected people, and educating 
people on hygiene and health. 

5. Benefit and Cost Analysis 

Water transfers around the world have been developed following many different models from geopolitical to financial 
where the investments can be considered federal, private or composite. 

Those cases go from infra structure development without profit but sustainable, to remuneration of private investment. 

In this bulletin it is considered both cases for a very complete assemblage of a water transfer system which includes, 
pump stations, canals, tunnels, galleries, spillways, siphons, dams, hydro mechanical devices, power plants, pumped 
storage plants and supervision and control digital systems. 

It is also considered that the water transfer system is conceived to guarantee a sustainable development of the region 
where it will be inserted. 

 All those analyses are based on the establishment of demand growth compared to water availability according to 
scenarios previously agreed known as Regional Insertion Studies. All analysis will consider the region under study 
with and without the proposed project so as to define economic indexes that will support the decision of implementing 
the water transfer system. 

5.1.  Benefits  

Benefits mainly related to Economic Evaluation deal with the project feasibility on the society point of view including 
integrated sub projects as water supply, irrigation and industrial usage. The main benefits to be evaluated are the 
following: 

i. Improvement of urban supply user welfare as a result to better access to additional water. These benefits are 
measured by the exceeding consumption, obtained by the difference between willingness to pay and the 
effectively paid price; 

ii. Urban producer's surplus (industry, tourism) and rural (irrigation and intensive diffuse). The producer surplus 
is related to the net income obtained as a function of the use of raw water; 
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iii. Reduction in public spending during the drought emergency in the area of Project, distribution of basic food, 
spending on work fronts and supply of water in tank trucks; 

iv. Improvements in public health conditions for the population of the Project area due to the reduction of risk of 
diseases caused by lack of treated water and the consequent reduction in spending on health care, hospital 
and medicines; 

v. Increased productivity in the work of population due to better health condition; 
vi. Increased employment and income of the population in the area of the Project; 
vii. Waste reduction of water usage; 
viii. Reduction of  rural   →   urban and interior   →   capitals migration and its consequences on urban economy 

and infra structure; 
ix. Improving the quality of raw water, reducing costs for utilities, industries and, in the long term, for agriculture; 
x. Indirect benefits such as the increase on government taxes income reverted to social benefit, water synergy

2
, 

etc. These benefits have to be converted to economic values to be used in economic analysis. 

The economic analysis uses the economic value of total benefits, the environmental costs, investment in construction 
and operating costs. The economic values are obtained by applying shadow prices or economic prices (that take into 
account the values of goods and social services). The required economic indicators are obtained from the comparison 
of benefits and economic costs of the analysis scenario. Subsequently, the economic analysis undergoes a sensitivity 
analysis. 

There are few softwares that are able to calculate benefits as described here. As the basis of this description it is 
mentioned the SMPW (Simulation Model of Public Works) developed for the Inter American Bank of Development. 

New trends lead to pricing the raw water as a way to better control its usage as a finite good. Pricing the water will 
introduce an income that can be considered an economic benefit if considered with its converted value or financial 
benefit otherwise.  

5.2.  Cost Estimate 

This item is already very well known and no further discussion is needed, except these few remarks: 

The first part of the cost evaluation is the sum of the construction and acquisition costs of every unit which defines the 
water transfer system. Every one of them is very well known and no further discuss is needed. Table 5.1 shows an 
example of the construction units that should be considered in cost assessment. 

However time horizon for construction is of major importance on cost benefit analysis depending on its distribution, 
since no revenues are due during this period. Interests during this period are applied to both government investment 
and private equity, if some, as an additional cost for the analysis. 

Within this subject it has to be noted that these types of systems may be designed according to the growth scenario 
established and partially built in phases creating dilution of costs in terms of present value. 

The second part of the costs is that concerning operation of the system, which includes the maintenance as well. 

The operational costs of the project can be divided into 4 major items: 

 Maintenance of Civil Works and Electromechanical Equipment (scheduled for gradual growth according to the 
expected use growth); 

 Manpower and related operational cost; 

 Electric power supply
3
, and 

 Management 

 

                                                           
2
 In dry regions where rain is poorly distributed, reservoirs are operated keeping all water they can retain, spilling it whenever its full 

capacity is reached. With the presence of the water transfer water supply is assured and the reservoir can be operated in lower 
levels. Storing the rain once spilled, more water appears in the system and can be added to the availability of the system. This is 

the system synergy. 
3
 This cost is an important one if the system is non gravitational and consequently, pumps and boosters are employed. In case 

there is some power recovery by means of hydro power plant or power pump station the related benefit can be considered as 
avoided cost or as income by selling the energy. 
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Table 5.1 – Example of cost distribution for a Brazilian Water Transfer System with approximately 700 km of canals, 
35 dams and reservoirs, 7 hydro power plants, 30 km of tunnels designed for a maximum flow of ~100 m³/s. 

Environmental costs in this case were estimated as 1,6% additional to the total cost during feasibility studies and may 
rise to 5 or 6% during construction. These figures are referred to feasibility studies (1999). 

During feasibility studies the operational cost, except energy, may be estimated as 1,5 to 2,0% of the total investment 
per year. 

The third part of the costs are those related to taxes, which are a specific function of every country and will be 
mentioned here as taxes. In this part it is grouped the cost of the money, basically the interest and related taxes of the 
loans, if some. 

Finally, the costs of the entire system may be rated among the various regions (cities, states, countries) crossed by or 
as consumer, in case they participate in the investment. As a consequence the water price, if some, should also be 
rated balanced by the volume of water distributed among all regions. 

5.3.  Benefit and Cost Analysis 

The analysis is developed within a conceptual framework applied to a public or private water transfer system to 
determine whether, or to what extent, that project is worthwhile from a public or social perspective. Cost-benefit 
analysis differs from a straightforward financial appraisal in that it considers all gains (benefits) and losses (costs) 
regardless of to whom they accrue. It usually implies the use of accounting prices. Results may be expressed in many 
ways, including internal rate of return, net present value and benefit cost ratio. 

This ratio is the present value of the benefit stream divided by the present value of the cost stream. When the benefit-
cost ratio is used, the selection criterion is to accept all independent projects with a benefit-cost ratio of one or greater 
when discounted at a suitable discount rate, most often the opportunity cost of capital. The benefit-cost ratio may give 
incorrect ranking among independent projects, and cannot be used for choosing among mutually exclusive 
alternatives. 

Economic and financial analyses of projects are similar since both appraise the profit of an investment. The financial 
analysis of a project estimates the profit coming back to the investors or to the project-operating entity, whereas 
economic analysis measures the effect of the project on the national economy. Economical feasibility of a project has 
to be financially sustainable, as well as economically efficient. If a project is not financially sustainable, economic 
benefits will not be realized.  

Both types of analysis are conducted in monetary terms, the major difference lying in the definition of costs and 
benefits. In financial analysis all expenditures incurred under the project and revenues resulting from it are taken into 
account.  
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Economic analysis attempts to assess the overall impact of a project on improving the economic welfare of the 
citizens of the region concerned. It assesses a project in the context of the national economy, rather than for the 
project participants or the project entity that implements the project.  

Costs reflect the degree to which consumption elsewhere in society is sacrificed by diverting the resources required by 
the project from other uses.  

The purpose of the financial analysis is to use the project’s cash flow forecasts in order to calculate suitable return 
rates, specifically the financial internal rate of return (FRR) on investment (FRR/C) and own capital (FRR/K) and the 
corresponding financial net present value (FNPV).  

This analysis provides the examiner with essential information on inputs and outputs, their prices and the overall 
timing structure of revenues and expenditures. 

The conventional financial analysis is made up of a series of tables that collect the financial flows of the investment, 
broken down by total investment operating costs and revenue, sources of financing and cash flow analysis for 
financial sustainability. This procedure is also very well known, however, some remarks have to be stated. 

One example of financial analysis shows quite interesting thoughts. Taking for example a feasibility analysis shown in 
tables 5.2 and 5.3, referring to a Brazilian example, which represents a part of a major water transfer, in which a 
maximum o 8 m³ would be pumped, approximately 400 m of height, 68 km long, with 5 pump stations. In this case 
energy recovery is not available. 

One can realize that if the analysis is made considering the investment, in this case a government one, the general 
price for the water, automatically leading the NPV (Net Present Value) to 0, i.e., no return considered but investment 
being refunded, was approximately US$1,0 /m³. 

On the other hand, if the investment is considered a national cost for development, and do not need to be refunded, 
the water price went down to US$ 0,17/m³. 

This is just one of parameters of the equation that finally leads to the decision of implementing or not the project. In 
this case the alternative was not accepted in favour of other lay out for the same purpose. 

A final remark is due; concerning water pricing which deals with crossed subsides in which the water of human or 
industrial consumption has to have a higher price in favour of the irrigation price, to make it feasible. Water transfers 
which use pumping are not adequate for irrigation purposes, since the water price tend to be higher, unless other 
purposes are involved (for example occupation for geopolitical reasons). 
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Figure 5.2 – Financial analysis for one alternative of water transfer layout, considering 30 years of operation added to 3 of construction. Investment was considered as part of the 
cash flow. This is part of the real spreadsheet, lacking lines down to year 30 and remaining columns on the right side. 
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Figure 5.3 – Same case keeping the same time basis. Investment was not considered as part of the cash flow. This is part of the real spreadsheet, lacking lines down to year 30 
and remaining columns on the right side. 
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5.4. Value analysis 

For transferring water between basins, considering the uncertainties, risk analysis studies should be performed. In 
these studies the opportunities and threats are analyzed and a Risk Action plan is developed for managing them. 
Value engineering study should also be done. The Value index in the Value Engineering study is considered based on 
the consumption cases in the source and destination basins, and the option with the highest Value index from the 
following equation is selected: 

VI (Value Index) =  
risk)money,age,(disadvantCost

desires)andneeds,(benefits,Worth
   

(ref. BS EN 12973:2000 - Value Management – BSI British Standards); 

In this equation, worth is the value of the water for the consumer which contains the benefits of consuming the water 
and the estimated worthiness of social and ecological needs and desires. The cost in the equation contains life Cycle 
Cost of project, ecological deficiencies, undesired social and cultural disadvantages, and negative risks (threats). 

As a result, water transfer between basins is acceptable when Value index of water transfer to the destination is 
greater than the Value index in source. 

6. Guidelines for study of options to IBWT 

The Bulletin so far has dealt with following subjects related with CDWT for IBWT schemes: i) need, potential, and 
limits to such transfers; ii) assessment of environmental and social impacts; iii) ways to conduct benefit cost analysis. 
The last of the terms of reference (ToR) for CDWT requires a study and identification of logic for possible options to 
IBWT, by deploying available water resources (WR) within the basin. Such deployment requires study of entire range 
of Water Resources Development (WRD) in the concerned river basin, micro to macro scale, surface to ground WR, in 
a discrete & judicious combination to enable it at minimum cost, maximum benefits and minimum wastage of the WR 
of the basin. It is clear that one adopts IBWT, only when within basin availability is deficient and an economical 
alternative of IBWT is possible, because it is available in surplus against needs within the source basin. Yet, a study of 
options as proposed by some students of IBWT is outlined in this chapter, before a decision for IBWT is made. The 
underlying objective behind this last ToR is to explain & understand the logic, and assess feasibility of various 
alternative options to avail the water supply for different uses within the river basin and if possible avoid the proposed 
IBWT scheme to serve those purposes. It underlines the assumption that within basin, the proposed option is able to 
provide required quantum and quality of water supply within the estimated – financial, social, ecological – costs or 
uncertainties / risks involved. In other words, the within basin option ought to provide a higher benefit/cost proportion 
or provides more advantages and less disadvantages. The Chapter 6 in following sections, elaborates these options. 
It will be seen that some of the suggested options to IBWT really propose local solutions at micro scale, rather than 
those at regional scale. They are also usually posed as options to the conventionally adopted larger scale within basin 
solutions and hence are not unique. Nevertheless, some aim at bringing equity to the centre-stage of consideration of 
IBWT and hence merit serious consideration.  

6.1.   Micro Watershed Development and Rainwater Harvesting  

Micro and macro scale of WRD respectively caters to needs from i) dispersed local to ii) large physically contiguous 
regional areas; through water transfers over distances small to large as per scale of operation serving relatively larger 
numbers of beneficiaries. The former operates within a narrow band of hydro-meteorological parameters of intensity, 
duration, antecedent rainfall, potential evaporation, infiltration capacity etc. and has strong limitations and less 
flexibility. Being scattered, it calls for dedicated local ‘cadre’ that facilitates community participation for implementation 
as compared to the organized WR projects on mega scale, requiring and availing industrial methods for 
implementation deploying specially skilled trained man-power. It has an eminently crucial role in conserving land and 
soils in the catchment and irrigation command areas. For the rain-fed areas and non-commanded areas of 
conventional irrigation schemes, it provides supplementary and protective watering for crops. It recharges ground 
water and admirably satisfies small needs like rural drinking water needs. Micro scale schemes are basically 
complementary to macro scale ones. Their dependability is much lower than the latter and cost per unit water made 
available is often high in relation to larger schemes. Thus hydrologically as well as financially, the former are less 
viable and yet serve the purpose of meeting with local pockets, which otherwise are missed by the latter. It is seen 
that in a typical basin spread, about 10% of available water could be harnessed through micro scale, whereas due to 
larger scale WRD 90% can be availed. Thus they don’t pose as option to larger scale of WRD whether it is intra or 
inter-basin. They are viable options for supplementation. 

6.2.  Small or Big Dams  

A large or a small dam is built depending upon location at which one could avail requisite quantum of water supply for 
needy users and when proven by study of economical-hydro-geo-technical considerations. In a basin, a discrete 
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judicious combination of large to small facilities is required to satisfy needs of target user community by availing WR at 
a minimum cost per unit of water made available. Undertaking set up of infrastructure of only small dams in a basin, is 
as much inefficient hydrologically as well as financially, as undertaking only large dams. The choice of a large or small 
dam at a given location in a basin is largely a techno-economic decision. Larger dams can raise reservoir elevations 
higher, facilitating inter-basin or inter-sub-basin transfer at lower cost, because of reduction of cost of tunnel across 
the ridge and or reduction in length of water transfer facility like a canal or a pipeline. Yet nobody claims that IBWT 
requires only large dams in preference to small ones. The size of a dam to be built depends upon need for volume of 
water for serving different purposes – intra or inter-basin. Claims about small dams meeting all demands are not 
factually correct. Relatively larger proportion of captured water is lost to evaporation in case of small structures. A 
recent study to revive old tanks in TamilNadu (India) indicated that it is more expensive than building new large 
systems. For new facilities, capital cost in US$ per 1000 cub m storage, as reported by Keller and Seckler (1999) 
varied from: for large storages at 8 to 100 US$, to micro: at 160 to 600. O&M costs increase with decreasing size. 
When large quanta are to be harnessed and or transferred, large organized facilities prove cost-effective and are 
unavoidable. Ultimately the choice of size of dams for enabling water transfer within or outside the river basin depends 
upon whether IBWT can be avoided by making a choice of small instead of large dams within the river basin. The 
foregoing indicates that IBWT can’t be avoided simply by building small instead of large dams within that surplus 
basin. In fact a chance is that in that case even within basin needs can’t be supported fully by adoption of the option of 
small dams.   

6.3.  Run-of-the-River (RoR) Hydropower Stations  

The option indicates a possibility that one can build several RoR stations in place of one or more storages followed by 
a cascade of RoR stations in d/s, to allow use / reuse of the same WR over and again thus maximizing HP generation 
from it. This assumption is very likely correct, if the river flow is more or less perennial with little variation month by 
month as in case of temperate climate river systems often fed by snow / ice melt from the hills on a fairly uniform basis 
throughout the year. In tropical conditions, such stand-alone installations without upstream storages are not found 
viable as the river flow variation is so large that installed capacity is far too high for the dependable river flow. Their 
reliability in post rainy season is questionable. Thus, the option to build RoR HP stations exists for climate centric WR 
development, and not for an option or a choice of intra or inter basin transfer proposals. Still, the option can be studied 
to ascertain if RoR HP Stations can help avoid IBWT. 

6.4.  Solar and Non-conventional Energy as an Alternative to Hydropower  

Although these undoubtedly constitute the ultimate inexhaustible sources and options for the future, in place of 
conventional sources like hydropower or thermal installation, they are at present still in development stage. Present 
costs remain high and unaffordable for large scale adoption. Secondly, these systems e.g. like bio-mass based 
gasifiers, require large tracts of land for installation and or growing bio-mass, which might not be available or which 
would in turn require water supply from conventional WRD schemes. They are therefore presently not viable. 
Proponents of this option also don’t account for the non-point, dispersed nature of the source of energy and difficulties 
faced in their commercialization by way of absorption in the power grid and in transmission of large blocks of power. It 
is likely to take a long time to make a breakthrough happen to make this option workable. Till then, the option will 
continue to serve local needs of energy, presently deprived in the present mode of generation at one source and 
needing expensive transmission from long distances. Also, it is not likely to generate large blocks of energy as the 
present conventional system facilitates. 

6.5.  Account for ill-effects of diversion on both source / recipient basins  

The IBWT schemes once implemented, commit certain quantum of w/s to the recipient basin, which does not remain 
available for any unforeseen demands that might arise in the source basin. Such schemes therefore have potential to 
jeopardize future water development there. Realistic assessment of such possibility has to be conducted and 
appropriate provisions made in legal documents, if any.  

Secondly, transfer of bulk supplies of WR has potential to pass pollutants and pollution from source basin to recipient 
basin. It can also transmit invasive species. The option therefore calls for a careful appraisal. No such evidence 
however has surfaced in the existing IBWT schemes. It can be taken care of by monitoring, treating pollutants / 
invasive species at the point of abstraction of water from the source basin thus ensuring maintenance of requisite 
quality of water transferred.  Detailed planning for each link during the DPR process however is required to address 
these issues.  

Thirdly, IBWT scheme will reduce in particular the fair weather flow in the source river system, causing reduction of 
dilution doses and aggravating water quality in the d/s. Such possibility has to be ascertained in advance and 
appropriate measures are built in the operation systems.   
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6.6.  Give priority to within basin needs 

The option aims at providing priority to satisfying present and future needs of human / eco systems within the source 
basin before computing surplus WR at proposed points of abstraction / transfer to the recipient basin. While computing 
future needs, liberal provisions have to be made for justified aspirations of people in light of : per capita annual 
availability of WR, level of deprivation – poverty – lack of education – health & hygiene – livelihood – development and 
economic growth – and ecological health. Although an IBWT proposal takes into account such issues needing water 
transfer to the recipient basin, more often than not, needs of the source basin are not worked out and compared. The 
option thus aims at perhaps a little tilt more than equity between the two: source and the recipient basins permit. 
Given other parameters being equal, one would go by socio-economic – technological viability of the option.  

6.7.  Improve WUE in existing within basin schemes  

This option aims at comparing the Water Use Efficiency (WUE) for different uses between the two basins, and then 
considers implementation of IBWT. It may be that the WUE in the source basin is of a higher level than the recipient 
basin, thus indicating surplus availability of WR in the former for transfer to the latter, which may be squandering its 
WR and yet facing deficit in availability. Thus IBWT option need not have to encourage low WUE but should be 
deployed for better performing and a competitive basin. At the same time, the option of IBWT can be discretely used 
to encourage improvement of WUE in the source basin, otherwise confronting it with the IBWT option.  

Indeed, accurate computations for WUE are not easy, what with: i) a mix of consumptive and non-consumptive uses 
within a multipurpose WRD scheme, ii) varying WUE from upstream to downstream, iii) SW / GW interactions being at 
different levels in hilly, midland, plains –unoccupied by different mixes of sections of society at various level of socio-
economic- industrialization  ladder. 
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8. Guide to Abbreviations  

IWRDM: Integrated Water Resources Development and Management 

CDWT: Committee on Dams and Water Transfer 

TOR: Term of References 

SCADA: Supervisory Control and Data Acquisition 

IBWT: Inter Basin Water Transfer 

WRD: Water Resources Development 

WR: Water Resources 

ROR: Run-of-the-River 
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WUE: Water Use Efficiency 

SW: Surface Water 

GW: Ground Water 

ERR: Economic Rate of Return 

ICID: International Commission on Irrigation and Drainage  


